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Bosentan, an endothelin receptor antagonist,
reduces leucocyte adhesion and inflammation
in a murine model of inflammatory bowel
disease

Abstract Background and aims:
Endothelins, a group of polyfunc-
tional cytokines, induce the adhesion
of circulating leucocytes to venous
endothelium, an initial step in the
pathogenesis of a cellular infiltrate in
inflammatory bowel disease (IBD).
The effect of bosentan, a non-selec-
tive endothelin receptor antagonist, on
leucocyte adhesion and inflammation
in a murine model of IBD was
studied. Materials and Methods:
Thirty BALB/c mice were divided
into three groups of 10 animals:
untreated controls, chronic colitis
[dextran sodium sulphate (DSS), 3%
w/v for 30 days], and treatment with
bosentan (30 mg/kg i.p. daily on days
26–30). On day 30, adherent and
rolling leucocytes and the average
rolling velocity were assessed by
intravital microscopy. Clinical and
histological activity of inflammation
were assessed by the disease activity
index and modified Dieleman score,
respectively. Statistics: Kruskal–
Wallis test was used, followed by
Dunn’s method. A value of p<0.05
was considered significant. Results:
Compared to healthy controls, mice

treated with DSS showed pronounced
clinical and histological inflamma-
tion, and a higher number of rolling
and adhering leucocytes in colonic
submucosal venules. Therapy with
bosentan significantly reduced clini-
cal and histological inflammation.
Adherent leucocyte levels were
markedly lower (1.2±0.3 vs 23.7±2.8
adherent cells per 0.01 mm2, p<0.05).
The number of rolling leucocytes was
lower but not significantly different.
However, rolling velocity was signif-
icantly higher (91.5±14.0 vs 19.0±
1.6 μm/s, p<0.05). Conclusions:
Bosentan reduces the adhesion of
leucocytes in colonic submucosal
venules and reduces inflammation in
this mouse model of IBD. By inhib-
iting leucocyte adhesion, a crucial
step in the recruitment of leucocytes
to the inflamed tissue, bosentan is a
potent therapeutic drug in this animal
model. Further studies are necessary
to investigate the role of bosentan as a
novel drug in human IBD.
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Introduction

The etiology and pathogenesis of human inflammatory
bowel disease (IBD) still remain unclear. Recently, endo-
thelins, a group of polyfunctional cytokines, were recog-
nized to play a potential role in the pathogenesis of
IBD. Endothelins are the strongest vasoconstrictors known

today; however, endothelins have multiple physiological
functions that are not yet completely understood [1, 2].
Four different endothelins (ET-1, ET-2, ET-3 and ET-4) act
on two receptor types cloned in humans (ETA and ETB) [2].
In patients with IBD, the plasma level of ET-1 is sig-
nificantly higher than in healthy controls [3]. Furthermore,
in IBD, the density of endothelin positive cells in the bowel
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wall is increased [4], as well as the expression of endothelin
receptors [5].

Endothelins act as proinflammatory agents via several
mechanisms: Endothelins can induce the release of pro-
inflammatory cytokines [6, 7], provoke local ischaemia
[4], or disturb the intestinal permeability, allowing antigen
translocation from lumen to bowel wall [8].

It is of special interest that endothelins induce leucocyte
adhesion in submucosal venules of the bowel [9, 10]. This
leucocyte adhesion is probably due to endothelin-induced
up-regulation of cell adhesion molecules on endothelium
and leucocytes [3, 11–15]. Activated leucocyte adhesion is
the initial and rate-limiting step in the development of an
inflammatory cellular infiltrate. Both endothelin receptors,
ETA and ETB, are involved in the endothelin-induced ac-
tivation of leucocyte adhesion [9, 15, 16]. Based on these
facts, endothelin receptor antagonists might be an effective
treatment of IBD, blocking the recruitment of leucocytes
to the bowel mucosa by reduction of leucocyte adhesion.
Indeed, prophylactic oral administration of bosentan, a
non-selective endothelin receptor antagonist, reduced clin-
ical inflammation and myeloperoxidase activity in colonic
tissue in trinitrobenzene sulphonate (TNBS)-induced coli-
tis in rats [17, 18]. A histological scoring was not per-
formed in previous studies, so the effect on histological
inflammation could not be statistically evaluated. Interest-
ingly, reduction of colitis was not observed when drug
administration started 1 h after induction of colitis [17].
Hogaboam et al. [17] hypothesized that bosentan might
have a prophylactic effect, but no effect on an established
inflammation. Thus it remains unclear if bosentan can
ameliorate an established chronic colitis. Furthermore, it is
not yet known which mechanisms mediate the anti-inflam-
matory action of bosentan.

In this study, we used dextran sodium sulphate (DSS)-
induced chronic colitis of mice as a valid model of IBD
[19–21]. Chronic DSS-induced colitis was treated with
bosentan, an unspecific endothelin receptor antagonist that
blocks ETA and ETB receptors.

The first aim of the study was to clarify the following
question: Does bosentan reduce the clinical and histo-
logical inflammation of chronic DSS-induced colitis? To
answer this question, we assessed the effect of bosentan on
clinical and histological inflammation by a clinical disease
activity index (DAI) [22] and a histological colitis score
[19], respectively. Administration of bosentan started when
colitis was fully established (therapeutic setting).

The second aim of the study was to clarify the mech-
anisms mediating the anti-inflammatory action of bosen-
tan. No study so far has evaluated the effect of endothelin
receptor antagonists on leucocyte adhesion in an animal
model of IBD. We hypothesized that bosentan reduces
leucocyte adhesion in submucosal venules of the inflamed
colon. To assess the effect of bosentan on leucocyte adhe-
sion, we performed in vivo microscopy, a method that al-
lows the observation of leucocyte trafficking in vivo. The

number of adhering and rolling leucocytes and the rolling
velocity of leucocytes were assessed.

In summary, the target parameters of this study were
the clinical (DAI) and histological (Dieleman) scores as
well as the in vivo assessment of leucocyte–endothelial
interaction.

Materials and methods

Drugs

Animals were treated with bosentan (Ro 47-0203, Hoffmann-
La Roche, Basel, Switzerland). Bosentan is an orally ac-
tive, non-selective endothelin receptor antagonist without
intrinsic activity.

Animals

All experiments were conducted according to the institu-
tion’s guidelines for care and use of laboratory animals.
Inbred female BALB/c mice (Charles River, Sulzfeld,
Germany; body weight approximately 20 g) were housed
in standard cages (two mice in one cage) under stable
conditions (light–dark cycle 12:12 h, humidity 60±10%,
constant temperature 21±1°C.) The mice had free access to
standard laboratory chow and to drinking water or DSS in
drinking water, respectively.

Study design

A total of 30 animals were divided into three groups.

Healthy controls In this group, 10 animals underwent in
vivo microscopy without previous treatment, and the colon
of 9 animals was removed for histological scoring after in
vivo microscopy.

Colitis group In this group, chronic colitis was induced by
cyclic administration of DSS (3% w/v) in drinking water
for 30 days (see the section “Induction of colitis”). On
days 26–30, animals were treated once a day with 0.1 ml
aqua ad injectabilia (vehicle) i.p. On day 30, in vivo
microscopy was performed in 10 animals, and the colon
was removed for histological scoring in 9 animals.

Colitis+bosentan group In this group, chronic colitis was
induced by cyclic administration of DSS in drinking water
for 30 days. On days 26–30, animals were treated with
30 mg bosentan/kg body wt in 0.1 ml aqua ad injectabilia
i.p. The last dose was injected in the morning of day 30,
and in vivo microscopy was performed in 10 animals in
the afternoon. The colon of 9 animals was removed
afterward for histological scoring.
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Induction of colitis

Chronic colitis was induced by cyclic administration of a
3% w/v solution of DSS (mol. wt. 40 kDa; ICN Biochem-
icals, Aurora, OH, USA) in drinking water or drinking
water alone for 30 days, following the time schedule given
in Table 1. Each cycle consisted of 5 days of DSS in
drinking water followed by 5 days of drinking water alone.
Three cycles were completed (=30 days).

Clinical disease activity index

All animals treated with DSS for induction of chronic
colitis were examined once a day and the clinical DAI
was assessed, as previously described [22]. The score con-
sists of the following three parameters: weight loss, stool
consistency and perianal bleeding. The scoring system is
shown in Table 2.

Histological colitis score

After in vivo microscopy, the animals were sacrificed by
an overdose of anaesthesia. The whole colon was re-
moved, opened longitudinally and divided into four seg-
ments (caecum and appendix, proximal third, middle third,
and distal third). For each segment, four different sections
were stained with haematoxylin/eosin, making up 16 dif-
ferent sections per animal. The sections were scored using a
histological colitis score, as previously described [19]. In
brief, for each category of the score (inflammation, extent,
crypt damage) points were multiplied with a factor of in-
volvement of the visible epithelium. The sum of the three
categories makes up the total score of a section (0–40

points) (Table 3). The average of four sections was rep-
resentative for the colon segment, and the average of the
four colon segments was representative for the whole
colon.

In vivo microscopy

Leucocytes were stained in vivo by application of 0.1 ml
Rhodamine 6G (0.4 mg/ml) (Sigma-Aldrich, R 4127)
15 min before microscopy [23]. Blood from homologous
healthy littermates was collected, anticoagulated with
heparin, washed with Bicine buffer, and the erythrocytes
were purified with Alsever’s buffer. Erythrocytes were
labelled in vitro by incubation with fluorescein isothiocy-
anate (FITC; Sigma Aldrich, F-1628) (9 mg/ml suspension
of Erythrocytes) for 60 min [24]. After labelling, erythro-
cytes were washed several times with Bicine buffer. La-
belled erythrocytes were administrated at the beginning of
microscopy.

Animals were anaesthetized by inhalation of isoflurane.
A polyethylene catheter (inner diameter 0.28 mm, Portex
Ltd., UK) was inserted in the right jugular vein as central
venous line. The left carotid artery was cannulated to mon-
itor blood pressure and heart rate throughout the experi-
ment. The animals were placed in a supine position on a
specially designed heated pedestal. A midline laparotomy
was performed, and the small bowel was gently exterior-
ized and covered with a saline-soaked gauze. The descend-
ing colon was gently mobilized and a micromanipulator
pedestal was inserted under the colon, providing good ac-
cess to the exteriorized colon for microscopy. Constant
superfusion with 37°C Ringer’s lactate and coverage with a
cyprophane foil kept the bowel from drying and guaranteed
stable conditions for temperature and humidity. After 30min
of equilibration (with stable heart rate and blood pressure),
the experimental protocol started with the injection of
0.1 ml FITC-labelled erythrocyte suspension.

In vivo epiluminescence microscopy was performed
with a fluorescence microscope (Zeiss, Germany) (light
source, HBO 12 V/100 W) using a 450- to 490- or 515- to
565-nm filter for visualization of FITC-labelled erythro-
cytes, and a 510- to 560- or >590-nm filter for visualization
of Rhodamine 6G-stained leucocytes. Using a 16×/0.5-mm
water-immersion objective (Plan-Neofluar, Zeiss) and a
mounted video camera with 0.5 zoom (FK-6990-IQ, Pieper,
Germany), we achieved a 760-fold magnification on video
screen (IQM 538, Pieper, Germany). The images were

Table 1 Time schedule of DDS administration

Cycle 1 Cycle 2 Cycle 3

DSS in H2O H2O DSS in H2O H2O DSS in H2O H2O Day 30

Day 1 to 5 6 to 10 11 to 15 16 to 20 21 to 25 26 to 30 Experiment

On day 30, the experiment was performed. Animals of the colitis+bosentan group received bosentan i.p. daily on days 26–30

Table 2 Disease activity index

Score Weight loss (%) Stool consistency Perianal bleeding

0 None Normal None
1 1–5
2 5–10 Loose stools Hemoccult +
3 11–20
4 >20 Diarrhoea Gross bleeding

The DAI is the combined scores of weight loss, stool consistency
and bleeding divided by 3. Normal stools, well-formed pellets.
Diarrhoea, liquid stools that stick to the anus
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tape-recorded (AG 7350, Panasonic, Germany) for offline
analysis.

Using water-immersion technique, we easily identified
single, unbranched, submucosal venules with a diameter of
approximately 50 μm (2V vessels according to Bohlen and
Gore [25]) by the FITC-labelled erythrocytes running
through the vessel. For each vessel, a sequence of 30 s was
recorded for FITC-labelled erythrocytes, and a sequence of
60 s was recorded for Rhodamine 6G-stained leucocytes.
Ten 2V venules were recorded, proceeding from the
sigmoid to the left colon flexure.

Offline analysis

Computer-based analysis of the videotapes was performed
using a morphometric software (AnalySIS, version 2.11,
Soft Imaging Systems, Muenster, Germany). Vessel diam-
eter (D) and centreline velocity of erythrocytes (Very) were
measured. Volumetric flow was calculated with the
following formula: Q (nl/min)=(Very/1.6)(D

2/4)×π×60×10−6

[34]. Shear rate (SR) was calculated based on the definition
of Newton: SR (s−1)=8Very/1.6D [26].

For each vessel, the number of rolling and adherent
leucocytes was assessed. Adherent leucocytes were defined
as cells attached to the endothelial lining for at least 30 s
(given as adherent leucocytes per 0.01 mm2 endothelial
surface). Rolling leucocytes were defined as cells that pass

Table 3 Histological colitis score

Score Inflammation Extent Crypt damage

0 None None None
1 Slight Mucosa Basal 1/3 damaged
2 Moderate Mucosa and Submucosa Basal 2/3 damaged
3 Severe Transmural Only surface epithelium intact
4 Entire crypt and endothelium lost
Product of score and percentage involvement factor (1–4) 0–12 0–12 0–16

Percentage involvement (%) Factor

1–25 × 1
26–50 × 2
51–75 × 3
76–100 × 4

The sections were graded by two blinded investigators. A score with
a range of 0–3 was given for the criteria inflammation and extent as
indicated, and a score with a range of 0–4 for crypt damage. The
score of each feature was multiplied by a factor [1–4] reflecting the

percentage of epithelial involvement as indicated. The scores of the
three features were added, resulting in a total score of the inves-
tigated section (range 0–40)

DSS       H2O                     DSS                     H20                    DSS                      H2O 

*p< 0,05 
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Fig. 1 Disease activity index.
For all animals treated with DSS
for induction of colitis a DAI
was calculated daily. The colitis+
bosentan group was treated with
bosentan (30 mg/kg body
weight i.p.) daily on days 26–
30. n=10 animals. Mean±SEM.
*, p<0.05 vs colitis+bosentan
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an imaginary line across the vessel during 30 s, moving
with a lower velocity than that of free-flowing leucocytes
(given as rolling leucocytes per 100 μm venular diameter
per 30 s). The average of rolling and adherent leucocytes of
10 venules was calculated for each animal. In each vessel,
the velocity of five randomly chosen rolling leucocytes was
measured by frame-to-frame tracking on the videotape. The
average speed for each vessel and for each animal (10
vessels) was calculated. The velocity of rolling leucocytes
is a well known indicator of adhesive forces between
leucocyte and endothelium [27].

Statistics

All results are given as mean ± SEM. For statistical
analysis, the non-parametric Kruskal–Wallis test was used,
when appropriate, followed by Dunn’s method. A p value
<0.05 was considered significant.

Results

Clinical disease activity index

Mice treated with DSS had symptoms of colitis 1–2 days
after the start of the first cycle (diarrhoea, weight loss,
perianal bleeding). The DAI for the period of 30 days is
shown in Fig. 1. The colitis and colitis+bosentan groups
had similar DAI up to day 26, when treatment with
bosentan started. On day 30, the DAI of bosentan-treated
animals was significantly lower (0.8±0.4 vs 1.7±0.5 points,
p<0.05).

Histology

Healthy controls had a normal histological morphology.
There were infrequent areas of mild inflammatory infil-
trate, leading to a histological colitis score >0 (Fig. 2).

Sections of the colitis group showed all characteristics of
a chronic DSS-induced colitis, as previously described
[22]. There were dense infiltrates of leucocytes, mostly
pronounced in mucosa and submucosa, crypt shortening or
even crypt drop out, and focal loss of epithelium. Alter-
ations were rather focal (Fig. 2).

Sections of the colitis+bosentan group showed similar
characteristics as the colitis group; however, inflammation
was milder. Low-grade lesions were more frequent, and
many areas appeared completely normal (Fig. 2).

The histological colitis score for the different segments
of the colon and for the entire colon is shown in Fig. 3. In
the colitis group, the score for the entire colon was 9.15-
fold higher than in healthy controls (p<0.05). Compared
with the colitis group, treatment with bosentan reduced the

score by 42.4% (p<0.05). However, the score was still
significantly higher than in healthy controls (p<0.05).

Leucocyte adhesion

Venular diameters, centreline velocity of erythrocytes and
volumetric flow were significantly higher in the colitis+
bosentan group compared to the colitis group; however,
shear rate was not different in the three groups (Table 4).

Fig. 2 Histology. Healthy control: The epithelium is not altered,
mucosal architecture is normal, crypts reach the muscularis muco-
sae, and there is no inflammatory infiltrate. Colitis: This section
shows an entire loss of crypts. The lamina propria and submucosa
show a moderate inflammatory infiltrate. On the left side, the surface
epithelium is lost, on the right side it is retained. Colitis+Bosentan:
The epithelium is not altered; mucosal architecture is normal. There
is no inflammation
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Leucocyte adhesion was visualized by in vivo micros-
copy (Fig. 4). The number of adherent leucocytes was
significantly higher in the colitis group than in healthy
controls (p<0.05, Fig. 5). Treatment with bosentan reduced
the number to values of healthy controls (p<0.05 vs colitis
group, not significant vs healthy controls, Fig. 5).

The number of rolling leucocytes was markedly higher
in the colitis and colitis+bosentan groups compared to
healthy controls (p<0.05). Although numbers were lower,
there was no significant difference between the colitis+
bosentan group and the colitis group (Fig. 6).

Rolling velocity was significantly lower in the colitis
group compared to healthy controls (p<0.05, Fig. 7). With
bosentan therapy, leucocytes were significantly faster than
in the colitis group (p<0.05). There was a tendency toward
a higher velocity compared to healthy controls; however,
there was no statistical difference.

Discussion

This study demonstrates that bosentan reduces the number
of adherent leucocytes in submucosal venules of the in-
flamed colon and increases the velocity of rolling leuco-
cytes in a well-defined animal model of IBD. Bosentan
reduced clinical and histological inflammation in chronic
colitis.

An increase in the number of adherent and rolling
leucocytes, as found in the colitis group, is a typical feature
of chronic intestinal inflammation [28, 29]. A slow rolling
velocity in the colitis group indicates strong adhesive
forces between leucocyte and endothelium [27].

Increased leucocyte adhesion, especially the firm adher-
ence on the endothelial line, is a crucial and rate-limiting
step in the development of a cellular inflammatory infiltrate
in the colonic tissue. Therapeutic strategies blocking leuco-
cyte adhesion were effective in reducing intestinal inflam-
mation, as we and other authors have shown before [28–30].

Therefore, the decrease in number of adherent leuco-
cytes in the inflamed colon by bosentan treatment is a key
finding of this study. Probably, a reduction of adherent
leucocytes leads to a reduction of the cellular inflammatory
infiltrate developed by extravasation of firmly adhering
leucocytes. This might explain the reduction of inflamma-
tion by bosentan therapy observed in this study.

The number of rolling leucocytes was not altered by
bosentan therapy compared to untreated animals of the co-
litis group. However, although the number was not differ-
ent, the adhesive activity of the rolling leucocytes was
markedly different. In the colitis group, rolling leucocytes
travelled very slowly, only differing from an adherent leu-
cocyte by a minimal movement over 30 s. In the colitis+
bosentan group, leucocytes rolled dramatically faster; there
was even a (non-significant) tendency toward higher

Table 4 Haemodynamic parameters of colonic microcirculation

Venular diameter (μm) Erythrocyte centreline velocity (μm/s) Volumetric flow (nl/min) Shear rate (s−1)

Control 51.3±1.2 1508.1±81.5 124.3±12.0 146.4±5.5
Colitis 46.9±1.3 1317.5±53.2 88.4±5.4 141.6±7.4
Colitis+bosentan 54.6±1.0* 1667.0±49.5* 148.3±6.6* 153.4±5.9

Parameters of microcirculation assessed by in vivo microscopy of submucosal venules are given. n=10 animals. Mean±SEM
*p<0.05 vs colitis group
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Fig. 3 Histological colitis score. Left, the histological colitis score for the different segments of the colon. Right, the histological colitis
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velocities than in healthy controls. Obviously, leucocytes
were in a state of lower adhesive activity with bosentan
therapy, as high rolling velocity is a well-recognized in-
dicator of low adhesive forces [27].

The mechanisms of bosentan-induced reduction of leu-
cocyte firm adherence remain speculative. Probably, the
endothelin receptor antagonist bosentan blocks the endo-
thelin-induced up-regulation of cell adhesion molecules on
the endothelium and leucocytes [10–13, 15, 16]. In par-
ticular, the finding that the anti-inflammatory effects of
endothelin are mediated by vascular cell adhesion mole-
cule 1 (VCAM-1) [11] in isolated endothelial cells sug-
gests that this cell adhesion molecule may play a role in
the attenuation of sticking and the elevation of rolling
velocity in our study. However, treatment with an anti
VCAM-1 oligonucleotide [29] in a similar experimental
setting (DSS-induced colitis) exerts a more potent protec-
tive effect on leucocyte endothelial adhesion when com-
pared to bosentan, suggesting that whereas bosentan may
act via the down-regulation of VCAM-1, this endothelin
receptor antagonist is not as potent an inhibitor of VCAM-

1. Furthermore, bosentan could reduce the release of sec-
ondary mediators, such as IL-1, IL-6, IL-8 or TNF-α,
produced by monocytes stimulated with endothelin [6, 7].
Many of these mediators increase expression of cell ad-
hesion molecules and induce leucocyte adhesion [31, 32].
Finally, blockade of the vasoconstrictive properties of en-
dothelins by bosentan could increase flow and flow ve-
locity in the vessels, thus inhibiting leucocyte adhesion.
Indeed, flow and centreline velocity were significantly
higher in the colitis+bosentan group compared to the coli-
tis group. However, leucocyte adhesion depends on shear
rate more than on flow: low shear rate means strong ad-
hesive forces [33–36]. It is a striking fact that the shear rate
was not different in the three groups. As vessel diameter
and centreline velocity increase similarly, shear rate re-
mains constant.

Bosentan therapy reduced the DAI, compared to un-
treated animals, by approximately 50%. This finding is
consistent with findings of Hogaboam et al. [17] and
Güllüoglu et al. [18], who demonstrated a reduction of
clinical activity of TNBS-induced colitis in rats by pro-
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Fig. 5 Rolling leucocytes in colonic submucosal venules. Leuco-
cytes crossing a line transverse to the vessel during a period of 30 s
with a velocity lower than that of free-flowing leucocytes were
counted as rolling leucocytes. n=10 animals. Mean±SEM. *, p<0.05
vs healthy controls
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Fig. 6 Sticking leucocytes in colonic submucosal venules. Leu-
cocytes were defined as firmly adherent if adhering to the endo-
thelial lining for 30 s without movement. n=10 animals. Mean±SEM.
*, p<0.05 vs healthy controls and vs colitis+bosentan group

Fig. 4 In vivo microscopy.
Vessels can be identified as dark
structures on a bright back-
ground. Adhering leucocytes are
visualized as bright spots in the
vessels. Colitis: Many rolling
and firmly adhering leucocytes
are found in the vessel (rolling
and adhering leucocytes cannot
be differentiated in a photo).
Colitis+Bosentan: In animals
treated with bosentan, only few
adhering leucocytes can be
found in the vessels
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phylactic bosentan treatment, suggesting that the anti-in-
flammatory effect of bosentan in IBD is not dependent on
the animal model used. The novel finding in our study
comes from the experimental approach, wherein bosentan
was shown to effectively reduce the clinical disease activity
of chronic colitis in a therapeutic setting, with the therapy
starting when the colitis was already fully established. This
is in contrast to the previous studies mentioned above
wherein bosentan was administered in a prophylactic ex-
perimental setting. Hogaboam et al. could not see a sig-
nificant effect of bosentan therapy starting 60 min after
induction of rat colitis with TNBS [17]. First, this might be
due to the special characteristics of TNBS-induced colitis,
including a direct toxicity of the carrier, ethanol, to the
intestinal mucosa. Second, the parenteral application used
in this study might be superior to the oral administration
used before [18, 17].

Bosentan therapy reduced histological colitis score by
42% compared to untreated animals with DSS-induced
colitis. Thus, for the first time, the impression of former
studies that bosentan can reduce histological inflammation
in an animal model of IBD could be statistically secured
[18, 17]. In several other animal models, the blockade of
endothelin receptors effectively reduced tissue injury: acute

pancreatitis [37], malignant hypertension [38, 39], ischae-
mia/reperfusion injury of the liver [40–42] and myocarditis
[43].

No complete remission of histological inflammation
was achieved by bosentan therapy, although gut mucosa
was able to regenerate within a few days [44]. There might
be several reasons for the incomplete histological healing.
First, endothelins are only one among many factors play-
ing a role in the pathogenesis of DSS-induced colitis.
Cytokines, cellular reactions and oxygen metabolites are
involved [19–21]. Second, DSS inhibits mucosal regen-
eration by reducing cell proliferation rate and cell viability
[45]. Indeed, DSS-induced alterations of colon mucosa
show prolonged healing [19]. It is possible that longer
therapy, beyond day 30, would have further improved
histological healing. This could be evaluated in future
studies.

One aim of the study was to clarify the anti-inflamma-
tory mechanism of bosentan. First, as this study demon-
strates, bosentan impairs leucocyte adhesion necessary for
recruitment of leucocytes to the gut mucosa. Second, the
parenteral application of bosentan used in this study can
inhibit further proinflammatory actions of endothelins, e.g.
the release of proinflammatory mediators from leucocytes
[6, 7], the provocation of local ischaemia and the impair-
ment of mucosal barrier for luminal antigens [8]. Further
studies are necessary to clarify the anti-inflammatory action
of bosentan in IBD.

In clinical studies, bosentan was shown to be effective in
the treatment of symptomatic heart failure [46–48], pri-
mary pulmonary hypertension [49, 50], coronary artery
disease [51] or essential hypertension [52]. It is an orally
active, well-tolerated drug [53, 54].

These promising clinical results, the involvement of
endothelins in the pathogenesis of IBD, and results of ex-
perimental studies such as the one presented here encour-
age further investigation of a potential use of endothelin
antagonists in patients with IBD.
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