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Abstract
Aim—To determine the kinetics of plate-
let activating factor (PAF) and prosta-
glandin E2 (PGE2) receptor desensitisation
during intestinal inflammation induced
by trinitrobenzenesulphonic acid (TNB)
instillation and to study the relation
between receptor regulation, inflamma-
tory lesions, and PAF content of the gut
wall.
Methods—Receptor desensitisation was
assessed on isolated smooth muscle cells
from the circular layer. PAF content of the
intestinal wall was determined by thin
layer chromatography and radioimmuno-
assay.
Results—After an acute inflammatory
phase on day 1, subacute changes ap-
peared in TNB instilled ileum, with a
maximal intensity on day 6. In control
animals, PAF 10 nM and PGE2 10 nM pro-
voked a maximal contraction in the range
of 24% of cell shortening. On days 1 and 3
after intestinal instillation of TNB, PAF
induced contraction was not altered
whereas the eVect of PGE2 was progres-
sively desensitised (2 logM rightward shift
of its concentration-response curve: Cmax =
1 µM; p<0.01). Between days 4 and 6, the
concentration-response curve of PGE2

shifted by only 1 logM (p<0.05) whereas
the curve of PAF induced contraction
shifted by 2 logM (Cmax = 1 µM; p<0.01).
The PAF content of the ileal wall was
maximal between days 3 and 5 (300 ng/mg
tissue). On days 10 and 15, PAF and PGE2

induced contractions were similar to those
observed on day 1, and PAF content
returned to basal.
Conclusion—Inflammation induced by
TNB instillation triggers PAF and PGE2

receptor desensitisation; this is dependent
on the duration of inflammation and cor-
relates with PAF content in the ileum.
This receptor desensitisation may play a
protective role by preventing overstimula-
tion of intestinal smooth muscle cells.
(Gut 1998;43:356–364)
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Platelet activating factor (1-O-alkyl-2-O-
acetyl-sn-3-glycerophosphorylcholine; PAF)
plays an important role in inflammatory proc-
esses (for a review, see Braquet et al1). At the
level of the digestive tract, PAF has been recog-
nised as an inflammatory mediator during
ischaemic colitis, inflammatory bowel diseases
(IBDs) such as Crohn’s disease and ulcerative
colitis, and experimental inflammation in
animals. Indeed, high concentrations of PAF
have been measured in stools of patients with
Crohn’s disease or ulcerative colitis.2–4 Biopsy
samples of colonic and ileal mucosa from these
patients contain increased amounts of PAF.5–8

During experimental inflammation induced by
colonic instillation of trinitrobenzenesulphonic
acid (TNB), large amounts of PAF are
produced, as shown by in vivo9 10 and in vitro11

experiments. Instillation of TNB into intestinal
lumen has been developed by Morris et al12 as a
simple and reproducible model of chronic
intestinal inflammation in rat. This model has
since been adapted for guinea pig.13 14 The his-
tological changes that it induces mimic those
observed in Crohn’s disease and ulcerative
colitis and are characterised by a marked white
cell infiltrate, submucosal fibrosis, and smooth
muscle andmast cell hyperplasia. These lesions
are maximal seven days after TNB instillation
and recover progressively within two to three
weeks.
Intestinal motility disturbances have been

described in patients with IBD15 as well as in
animals with experimental colitis.16 17 In rat,
changes in colonic motility induced by intra-
colonic TNB instillation are decreased by pre-
vious administration of a PAF receptor
antagonist.18 In rabbit colon, PAF may partici-
pate in colonic dysmotility after intra-arterial
infusion of PAF.19 A recent study has shown
that intra-arterial administration of PAF in-
creases the frequency with which giant migrat-
ing contractions appear after instillation of
ethanol/acetic acid in dog colon.20

We have previously shown that PAF recep-
tors are present on the membrane of guinea pig
intestinal smooth muscle cells.21 These recep-
tors are desensitised after prolonged incuba-
tion of cells in vitro with high concentrations of
PAF.22 Desensitisation of PAF receptors also
occurs in vivo six days after intestinal instilla-
tion of PAF.23 This desensitisation is character-
ised by a rightward shift of the concentration-
response curve of PAF. Experimental evidence
has been obtained from studies on human24
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and rabbit25 26 platelets, human neutrophils,27 28

and rat KupVer cells29 that PAF receptors may
be desensitised after prolonged exposure to
PAF. In pathological conditions, membrane
receptors may thus be desensitised to counter-
act excessive stimulation by large amounts of
agonist.
In these experiments, we investigated the

time course of desensitisation of PAF receptors
after TNB instillation into the ileum of guinea
pig. Since we previously observed that prosta-
glandin E2 (PGE2) mediates desensitisation of
PAF receptors in smooth muscle cells,22 we also
evaluated the influence of TNB induced
inflammation on PGE2 receptors over time. To
evaluate the pathophysiological role of PAF
receptor desensitisation further, we also corre-
lated changes in PAF and PGE2 induced
contraction with the histological alterations in
the intestinal wall and the content of PAF in
the gut. To determine the specificity of the
changes observed in the eVect of PAF and
PGE2 on smooth muscle cells, we measured the
eVect of cholecystokinin (CCK) and acetylcho-
line (ACh) in the same experimental condi-
tions, since they are not supposed to play any
role as inflammatory mediators in the intestine.

Materials and Methods
ANIMALS AND EXPERIMENTAL INFLAMMATION

Healthy adult albino male guinea pigs (Inter-
fauna, Loches, France) weighing 300–400 g
were used. After a 24 hour fast during which
water was available ad libitum, animals were
submitted to laparotomy under aseptic condi-
tions and deep anaesthesia (acepromazine 2
mg/kg and ketamine 80 mg/kg administered by
intraperitoneal injection). The animals were
divided into two groups. One group of 40
guinea pigs kept as controls were given 0.2 ml
saline as a single injection. Saline was infused
directly into the intestinal lumen through a thin
hypodermic needle (external diameter 0.4
mm) 15 cm orally from the ileocaecal junction.
The second group of 40 animals were given a
single intraluminal injection of 0.2 ml 50%
ethanol containing TNB, at a final dose of 80
mg/kg. TNB was instilled into the intestinal
lumen through a thin hypodermic needle.
Animals of both groups were then placed in

individual cages with water and food available ad
libitum until they were killed. Five animals from
the control and TNB treated groups were killed
1, 2, 3, 4, 5, 6, 10 and 15 days after surgery. Ani-
mals were bled under anaesthesia and
laparotomy was performed. Three intestinal
segments were removed from a position 5 cm
proximal to the ileocaecal junction. The first
sample was used to prepare isolated smooth
muscle cells and evaluate cell contraction
induced by agonists. The second sample was
used to measure PAF concentrations in the ileal
wall by two diVerent analytical techniques, and
the final one was used for histological studies.

CELL DISPERSION

Cell dispersion was achieved as previously
described.21–23 Briefly, small muscle strips from
the circular layer were incubated for two
successive periods of 30 minutes at 31°C in

medium (132 mM NaCl, 5.4 mM KCl, 5 mM
Na2HPO4, 1 mMNaH2PO4, 1.2 mMMgSO4, 1
mM CaCl2, 25 mM Hepes, 0.2% (w/v)
glucose, 0.2% (w/v) bovine serum albumin, pH
7.4), bubbled with 95% O2 and 5% CO2 and
supplemented with antibiotics, penicillin G
100 IU/ml and streptomycin 50 µg/ml, contain-
ing 0.25 IU/ml collagenase A, 0.36 mg/ml Pro-
nase, and 0.4 mg/ml soyabean trypsin inhibi-
tor. At the end of the second incubation, the
medium was filtered and the partly digested
muscle strips were washed four times with
enzyme free medium. These strips were then
transferred into fresh enzyme free medium and
left to stand for 20 minutes to allow the muscle
cells to disperse spontaneously under very slow
mechanical agitation created by an oxygen cur-
rent. Cells were harvested through a 500 µm
nylon filter. Only those cells that had spontane-
ously dissociated in enzyme free medium were
used for functional measurements.

Evaluation of cell contraction
Dispersed cells were usually studied within 30
minutes of dissociation. The density of the sus-
pension was about 150 000 cells/ml. Aliquots of
250 µl cell suspension were added to 250 µl
solution containing the agent to be tested,
thereby ensuring rapid mixing, and then
incubated for 30 seconds at 31°C. The reaction
was stopped by addition of glutaraldehyde at a
final concentration of 2.5%, which immediately
fixes the cells. In control experiments, 250 µl
medium alone was substituted for the test
agent.To evaluate cell length, an aliquot of fixed
cells was placed on a Malassez slide and the
length of the first 50 entire cells randomly
encountered in successive microscopic fields
was measured. This method of measurement
has been extensively validated over the last two
decades in several laboratories (for a review see
Makhlouf30). In our laboratory, it has been vali-
dated by assessing interoperator correlation of
measurements of 450 resting smooth muscle
cells (r = 0.73) and correlation between
repeated measurements of the same cell sam-
ples by one operator (intraoperator variability; r
= 0.84). Likewise, the reproducibility of con-
traction assessment has been assessed during
blinded repeated measurements performed by
two independent operators (r = 0.77).

Expression and analysis of results
The contractile response was defined as the per-
centage decrease in the average cell length of a
population of smooth muscle cells treated with
an agent in comparison with controls. At each
experimental point, the decrease in cell length
was determined using the following formula:

ÄL = [(Lo − Lx)/Lo] × 100

where Lo is the mean length of cells in the rest-
ing state and Lx the mean length of treated
cells. The EC50 (concentration inducing a half-
maximal contraction) of each agonist was
determined for each experiment on individual
concentration-response curves for each sam-
ple. The mean EC50 values for experiments
performed at diVerent time intervals were then
calculated and compared by Student’s t test.
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To analyse the rightward shift of the
concentration-response curve of PAF and PGE2

obtained after instillation of TNB, we calcu-
lated the variance of the contraction induced by
PAF or PGE2 at various concentrations and
evaluated the eVect of pretreatment with saline
or TNB as an independent factor. Using the
General Linear Model, we evaluated a possible
interaction between TNB instillation and PAF
and PGE2 concentrations. The finding of a
positive interaction indicates that concentra-
tions are influenced by TNB instillation. In this
model, the mean contraction values were
adjusted by the Bonferroni correction.

MEASUREMENT OF PAF CONTENT OF THE GUT

WALL

Tissue PAF content was measured in ileum
from saline and TNB treated guinea pigs as
well as in ileum from untreated animals (day
0). Ileal segments (150 to 300 mg) were
removed at various time intervals after intra-
luminal instillation of saline or TNB, weighed,
immediately placed in liquid nitrogen and
stored at − 80°C until the day of treatment.

Lipid extraction
The Bligh and Dyer technique31 has been
adapted for lipid extraction. Before lipid
extraction, intestinal samples were rinsed in
Tyrode buVer (137 mM NaCl, 2.7 mM KCl,
11.9 mM NaHCO3, 0.42 mM NaH2PO4, 1
mMMgSO4, 1 mMCaCl2, 1g/l glucose, 0.25%
(w/v) bovine serum albumin, pH 7.4). They
were then crushed and homogenised for three
periods of 20 seconds at 4°C with a Polytron.
After addition of 10 ml chloroform/methanol
(50:50, v/v), the cellular homogenate was cen-
trifuged (1000 rpm; five minutes; 10°C). Two
phases could be easily distinguished: the
organic phase (bottom of the tube) containing
lipids was taken and stored.The aqueous phase
(upper phase) and the tissue debris located
between the two phases were resuspended in 4
ml chloroform/methanol and centrifuged
(1000 rpm; five minutes; 10°C). At the end of
this second centrifugation, the lipid phase was
pooled with that obtained from the first extrac-
tion. Lipid extract was then evaporated using a
rotary evaporator under vaccum and resus-
pended in 80% ethanol (1 ml). The rate of lipid
recovery was assessed by adding a known con-
centration(6 nM) of [3H]PAF to the initial cel-
lular homogenate. Preliminary experiments
showed that 94.03 (3.06)% of [3H]PAF was
recovered at the end of this lipid extraction
procedure (mean (SEM)).

Purification of PAF
PAF contained in lipid extracts was purified by
the technique proposed by Denisot et al.32 This
method is based on polar extraction of the
various lipids. Lipid extracts were placed on
minicolumns of volume 1 ml with a maximal
lipid capacity of 1 mg (Amprep Silica Si,
Amersham, Les Ullis, France) and eluted
under vaccum at a flow rate of about 0.2
ml/min, using a “Super-Separator” (Amer-
sham), at room temperature. At the beginning
of the procedure, the minicolumn was condi-

tioned with 2 ml methanol. Lipid samples were
then loaded in 1 ml 80% ethanol. After
adsorption, a first elution was performed with 2
ml dichloromethane to eliminate non-polar
lipids. A second elution with 3 ml 60% ethanol
was then performed to recover PAF. This frac-
tion was dried using a rotary evaporator under
vaccum and resuspended in 200 µl methanol.
The rate of PAF recovery was evaluated by
adding a known concentration of [3H]PAF to
the column. Preliminary studies have shown
that the rate of PAF recovery after elution is
91.95 (2.13)% (mean (SEM), n = 5).

Quantification of PAF in lipid extracts
Thin layer chromatography—Samples (2 ml) of
purified extracts at various dilutions (1:8; 1:16;
1:32) (10−2 M) of PAF solutions were applied
to the same silica gel plate (DC-Alufolien,
Kieselgel 60; Merck, France). After the plate
had been dried, lipids migrated along it in a
solvent system of chloroform/methanol/32%
acetic acid (5:3:1, by vol). Two methods of
visualisation were used. (1) A specific reaction
was produced by spraying DraggendorV rea-
gent (mixture of potassium iodide and bismuth
subnitrate) on the plate. Choline-containing
lipids appeared in a few minutes as orange-red
spots; these were relatively unstable, the inten-
sity decreasing with time. (2) A non-specific
carbonisation of organic compounds was
produced by spraying H2SO4/methanol (50:50,
v/v) on the plate, which was then heated at
150°C for 10 minutes.
After migration and spraying, the position of

PAF on the plate was defined by its RF (reten-
tion factor). The identification of PAF con-
tained in purified extracts was performed by
comparing the RF spots with that of PAF
standards. PAF was quantified by fluorimetric
detection at 600 nm (CS 930 scanning
densitometer; Shimadzu Corp, Kyoto, Japan)
using a tungsten lamp. The relation between
the quantity of PAF and the area of the spot
was linear between 0.33 and 1.3 µg/2 µl on a
calibration curve. The intensity of the spots
defined the concentration of PAF contained in
the extracts. For this analytical technique, the
threshold of PAF detection was 0.3 µg for 2 µl
purified extract.
Radioimmunoassay—PAF contained in the

lipid extracts purified on minicolumns was also
quantified by radioimmunoassay ([3H]PAF
scintillation proximity assay (SPA); Amer-
sham), the detection threshold of which is 20
pg. The assay is based on the competition
between unlabelled ligand and a fixed quantity
of radiolabelled ligand for a limited number of
binding sites on a specific antibody. With fixed
amounts of antibody and radiolabelled ligand,
the amount of radiolabelled ligand bound by
the antibody is inversely proportional to the
concentration of unlabelled ligand.

Statistical analysis
DiVerences in PAF concentrations between
samples from TNB treated animals and
controls were analysed by variance analysis
adjusted by the Bonferroni correction.
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HISTOLOGICAL STUDIES

Ileal samples from saline or TNB treated
animals were fixed immediately after removal in
10% buVered formalin. After dehydration
through graded strengths of ethanol, intestinal
samples were cleared in toluene solution and
then embedded in Histomed standard (Labo
Moderne, Paris, France). Transverse sections of
5 µm thickness were pasted with albuminous
water (0.5%) on slides warmed to 45°C. Intesti-
nal sections were then deparaYnised in toluene,
rehydrated through a series of baths containing
increasing concentrations of ethanol and then
immersed in water. For each sample, two slides
were prepared: one was stained with haemalum/
eosin to study the population of inflammatory
cells, and the other with periodic acid/SchiV
(PAS) to localise mucopolysaccharides contain-
ing unsubstituted 1,2-glycol radicals.
The intensity of intestinal inflammation was

assessed by scoring changes, such as ulcera-
tion, mucous cell depletion, mucosal atrophy,
submucosal oedema, infiltration by inflamma-
tory cells, and vascular dilatation, observed on
inflamed specimens. The presence of one of
these parameters was scored as 1 and its
absence as 0. The sum gives an inflammatory
score which was considered to be an index of
intensity of inflammatory changes. Scores
could thus range between 0 and 6 (presence of
all changes). Histological scores were obtained
during blinded examination of histological
slices by the same pathologist. Statistical
analysis was carried out using variance analysis.

MATERIALS

PAF, PGE2, and TNB were purchased from
Sigma (St Quentin Fallavier, France). Colla-
genase type V, Pronase, and soybean trypsin
inhibitor were obtained from Boehringer Man-
nheim (Meylan, France). Penicillin G and
streptomycin were from Specia (Paris, France).
CCK octapeptide, ACh, and all other reagents
were obtained from Sigma.

Results
KINETICS OF HISTOLOGICAL CHANGES IN ILEUM

OF TNB TREATED GUINEA PIGS

Whatever the day of death of the animals, no
macroscopic or microscopic intestinal damage
was detected after saline treatment (fig 1).
In contrast, acute inflammation was ob-

served on the days after intraluminal instilla-
tion of TNB. Macroscopically, the ileum
appeared congested with haemorrhages and
ulcerations from day 1 until day 3. Muscular
layers appeared thickened. From day 4 to day
15, small haemorrhages were observed and the
ileum wall appeared thickened. The lumen was
dilated.
Microscopically, from day 1 until day 3 after

TNB treatment, ulcerations exceeding the
submucosa were observed with submucosal
oedema. Neutrophils and macrophages infil-
trated the submucosa and the circular muscle
layer. Blood vessels were distended.Mucus cell
depletion occurred in some glandular crypts
and villi (fig 2). From day 4 to day 6, the
number of erosions and/or deep ulcerations
exceeding the submucosa increased, involving

Figure 1 Normal histological pattern of the ileum six days after instillation of saline into
the lumen (haemalun/eosin stain; original magnification × 6.3).

Figure 2 Acute inflammation induced by trinitrobenzenesulphonic acid (TNB)
instillation into the lumen of guinea pig ileum.On day 1 after the instillation, the lesions are
mainly characterised by the presence of oedema in the submucosa and the infiltration of
mononuclear cells and neutrophils and mucosal erosions (haemalun/eosin stain; original
magnification × 16).

Figure 3 Second phase of the inflammation provoked by trinitrobenzenesulphonic acid
(TNB) in guinea pig ileum. Villi are destroyed. The mucosa is largely eroded by deep
ulcerations. Infiltration into the submucosa is maximal (day 3) (haemalun/eosin stain;
original magnification × 6.3).
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about 50% of the mucosal surface. Sub-
mucosal oedema worsened. Inflammatory cells
infiltrated the submucosa, with a large number
of mononuclear cells, neutrophils and macro-
phages. Dilatation of blood vessels remained
considerable. Several microhaemorrhages were
present in the submucosa (fig 3).
From day 10 to day 15, the inflammatory

lesions progressively healed. The most charac-

teristic changes were multifocal erosions.Mod-
erate oedema of the submucosa was still
present. The intensity of inflammatory infiltra-
tion decreased, but a large number of fibro-
blasts were present in the submucosa where
fibrosis was observed (fig 4).
The intensity of the morphological changes

in the ileum during the course of TNB induced
inflammation, characterised by the inflamma-
tory index, was maximal after 6 days (fig 5): the
index was 4.66 (0.49). By day 15, the
inflammatory index was 1.82 (0.32) and was
no longer significantly diVerent from the index
on day 0 (0.32 (0.16)).

KINETICS OF RECEPTOR DESENSITISATION AFTER

TNB TREATMENT

PAF receptor desensitisation
In control animals, after instillation of saline, the
characteristics of PAF induced contraction were
similar no matter when the animals were killed.
Maximal contraction induced by PAF ranged
between 22.5 (3.1) and 24.3 (1.5)% of resting
cell length and was obtained at 10 nM PAF.The
EC50 was 18 (4) pM; it did not significantly
change over time, and was similar to that previ-
ously observed in freshly dispersed cells.22 23

In TNB treated animals, the characteristics
of cell contraction induced by PAF were modi-
fied depending on the time between instillation
of TNB and killing of the animals. When the
animals were killed between days 1 and 3, no
modification of PAF induced contraction was
observed. Cmax was 10 nM and EC50 for PAF
ranged between 4 (0.5) and 60 (4) pM and
were not statistically significantly diVerent
from those observed in control animals (n = 5).
On day 4, the concentration-response curve of
PAF shifted slightly towards higher PAF
concentrations, by 1 logM. The Cmax for PAF
was 100 nM and the EC50 was 400 (20) pM,
significantly diVerent from controls (p<0.05)
(n = 5). On days 5 and 6, the concentration-
response curve of PAF had shifted by 2 logM
towards higher concentrations. The Cmax for
PAF was 1 µM and the EC50 ranged between
600 (60) and 950 (70) pM (p<0.01) (n = 5).
On days 10 and 15, the characteristics of PAF
induced contraction were not diVerent from
those observed in cells from control animals
(Cmax = 10 nM; EC50 = 8 (0.3) and 40 (6) pM)
(n = 5) (table 1; fig 6).
Independently of the interval between TNB

instillation and the death of the animal, the

Figure 4 Subacute phase of inflammation with fibrosis in the submucosa. Ulcerations are
less deep than in the earlier stages of inflammation (day 6) (haemalun/eosin stain; original
magnification × 6.3).

Figure 5 Inflammatory index characterising
morphological changes in intestinal wall after instillation of
trinitrobenzenesulphonic acid (TNB). Five animals were
killed at each time point and the inflammatory index was
measured for each of the samples. Data are shown as mean
(SEM). The inflammatory index is statistically
significantly diVerent from that on day 0, except on days 4,
10, and 15.
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Table 1 Characteristics of contraction induced by platelet activating factor (PAF) and prostaglandin E2 (PGE2) after
intestinal inflammation provoked by trinitrobenzenesulphonic acid

PAF PGE2

Day of
inflammation

Maximal
contraction

Cmax

(nM)
EC50

(pM)
Maximal
contraction

Cmax

(nM)
EC50

(pM)

1 14.9 (0.4) 10 20 (3) 12.6 (2.2) 10 6 (0.4)
2 14.4 (0.8) 10 4 (0.5) 14.1 (2.3) 100* 50 (5)
3 16.0 (0.6) 10 60 (4) 13.3 (5.9) 1000** 900 (40)
4 14.3 (1.9) 100* 400 (20) 13.4 (1.3) 100* 200 (60)
5 13.1 (1.1) 1000** 600 (60) 12.8 (2.8) 100* 50 (3)
6 15.5 (2.7) 1000** 950 (70) 15.8 (2.7) 100* 200 (50)
10 14.4 (0.9) 10 8 (0.3) 14.6 (0.1) 10 20 (6)
15 15.8 (2.1) 10 40 (6) 15.7 (1.8) 10 10 (3)

Where applicable, values are mean (SEM) (n=5).
Cmax, concentration of agonist inducing a maximal eVect; EC50, concentration of agonist inducing 50% of the maximal eVect.
Values significantly diVerent from those obtained in cells from control animals: *p<0.05, **p<0.01.
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magnitude of the maximal contraction induced
by PAF was significantly reduced by 30%, com-
pared with that induced by PAF in cells from
saline treated animals (p<0.01) (cf table 1).

PGE2 receptor desensitisation
In control animals, after instillation of saline,
the characteristics of PGE2 induced contrac-
tion were similar no matter when the animals

were killed. The maximal contraction induced
by PGE2 ranged between 21.9 (2.3) and 24.7
(3.9)% of resting cell length and was obtained
at 10 nM PGE2. The EC50 for PGE2 was 8 (4)
pM, did not significantly change over time, and
was similar to that previously observed in
freshly dispersed cells.22 23

In TNB treated animals, the characteristics
of cell contraction induced by PGE2 were
modified depending on the time between TNB
instillation and the killing of the animals.When
they were killed on day 1 after TNB instillation,
no modification of PGE2 induced contraction
was observed. Cmax was 10 nM and EC50 for
PGE2 was 6 (0.4) pM; these values were not
statistically diVerent from those observed in
control animals (n = 5). On day 2, the
concentration-response curve of PGE2 had
shifted slightly towards higher PGE2 concen-
trations, by 1 logM. Cmax of PGE2 was 100 nM
and EC50 was 50 (5) pM, significantly diVerent
from controls (p<0.05) (n = 5). On day 3, the
concentration-response curve of PGE2 had
shifted by 2 logM towards higher concentra-
tions. Cmax of PGE2 was 1 µM and EC50 was 600
(60) and 900 (40) pM (p<0.01) (n = 5). On
day 4, the characteristics of PGE2 induced
contraction were similar to those observed on
day 2, with a 1 logM shift of the concentration-
response curve of PGE2 and remained stable
until day 6 (Cmax = 100 nM; EC50 ranging from
50 to 200 pM) (n = 5). On days 10 and 15, the
characteristics of PGE2 induced contraction
were not diVerent from those observed in cells
from control animals (Cmax = 10 nM; EC50 = 20
(6) and 10 (3) pM) (table 1; fig 6).

Figure 6 Kinetics of desensitisation of platelet activating
factor (PAF; solid circles) and prostaglandin E2 (PGE2;
open circles) receptors of smooth muscle cells of the circular
layer, after intraluminal instillation of trinitrobenzene-
sulphonic acid (TNB) into guinea pig ileum (mean
(SEM) of samples obtained at each time point from five
diVerent animals). The concentration of PAF and PGE2

inducing maximal contraction (Cmax) of the cells is expressed
in logM and plotted against time elapsed between TNB
instillation and the killing of the animals. Values of Cmax

significantly diVerent from control animals treated with
saline: *p<0.05; **p<0.01.
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Table 2 Characteristics of cell contraction induced by cholecystokinin (CCK) and acetylcholine on intestinal smooth
muscle cells of guinea pig: comparison between saline and trinitrobenzenesulphonic acid (TNB) treated animals

CCK 8 Acetylcholine

Maximal
contraction Cmax (nM) EC50 (pM)

Maximal
contraction Cmax (nM) EC50 (pM)

Fresh cells 21.9 (1.8) 10 20 (1.3) 23.9 (2.7) 1000 1.4 (0.5)
Saline 23.0 (2.5) 10 5.0 (0.6) 26.3 (2.2) 1000 1.0 (0.3)
TNB Day 1 14.7 (2.3) 10 10.0 (1.4) 15.1 (1.8) 1000 1.0 (0.5)
TNB Day 2 15.5 (2.6) 10 7.2 (1.5) 15.5 (2.4) 1000 1.3 (0.8)
TNB Day 3 16.3 (3.1) 10 5.0 (1.2) 14.0 (3.2) 1000 2.0 (1.2)
TNB Day 4 15.7 (2.8) 10 10.2 (1.4) 15.8 (1.8) 1000 1.1 (0.4)
TNB Day 6 15.9 (1.7) 10 10.1 (1.4) 15.5 (2.9) 1000 1.0 (0.8)
TNB Day 10 17.4 (2.7) 10 5.8 (1.3) 18.6 (3.2) 1000 1.3 (0.5)
TNB Day 15 17.8 (2.6) 10 7.1 (1.5) 18.9 (2.1) 1000 1.4 (0.8)

Where applicable, values are mean (SEM) (n=5).

Table 3 Measurement of platelet activating factor (PAF) content in the ileal wall by thin layer chromatography (TLC)
and radioimmunoassay (RIA) in saline and trinitrobenzenesulphonic acid (TNB) treated puinea pigs

Ileal PAF content after TNB treatment (ng/mg tissue)

Day of inflammation
Ileal PAF content after saline
treatment (ng/mg tissue; TLC) TLC RIA

Controls (day 0) 109 (13) 109 (13) 123 (17)
1 195 (19)* 165 (22) 187 (11)
2 163 (3) 237 (6)**† 240 (22)*
3 261 (32)*** 348 (31)***† 300 (10)**
4 174 (18)* 295 (28)***†† 317 (24)**
5 130 (27) 337 (49)***††† 322 (43)**
6 132 (26) 290 (32)**††† 267 (67)*
10 113 (9) 200 (9)**† 192 (35)
15 109 (16) 215 (30)*† 237 (16)*

Values are mean (SEM) (triplicate experiments on samples from five diVerent animals).
Values significantly diVerent from those measured as day 0: *p<0.05, **p<0.01, ***p<0.001.
Values significantly diVerent from those measured on the same day, in samples from saline treated animals (applies only to TLC
measurements): †p<0.05, ††p<0.01, †††p<0.001.
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As for PAF and independently of the time
between TNB instillation and the death of the
animal, the magnitude of the maximal contrac-
tion induced by PGE2 was significantly reduced
by 30%, compared with that in cells from saline
treated animals (p<0.01) (cf table 1).

CELL CONTRACTION INDUCED BY CCK8 AND ACH

CCK8 and ACh induced a contraction of
intestinal smooth muscle cells from control
animals with characteristics similar to those
previously observed in freshly dispersed cells
(table 2). In TNB treated animals, the
concentration-response curves of ACh and
CCK8 were not modified (table 2). However,
independently of the time between TNB instil-
lation and death of the animal, the magnitude
of cell contraction was decreased by about 30%
as observed for PAF and PGE2.

PAF CONTENT IN INTESTINAL WALL AFTER TNB

INSTILLATION

Thin layer chromatography
A calibration curve was established by measur-
ing the PAF content of standard solutions for
each series of dosages. The calibration curves
obtained were linear and the correlation
coeYcient (r) always varied between 0.996 and
1. PAF content of ileum fragments from

untreated animals (day 0) was 109 (13) ng/mg
tissue (n = 8).
In ileum from saline treated animals, PAF

content of the intestinal wall increased 24
hours after surgery to 195 (19) ng/mg tissue
(p<0.05). It then increased further from day 1
to day 3 (to 261 (32) ng/mg tissue) (n = 3)
(p<0.001) compared with untreated animals.
Four days after saline treatment, PAF concen-
trations in the gut wall decreased (174 (18)
ng/mg tissue) and returned to baseline values at
day 15 (109 (16) ng/mg tissue) (n = 3) (table 3;
fig 7).

Radioimmunoassay
Using the radioimmunoassay technique, we
found that on day 1 after TNB treatment, the
PAF content of the intestinal wall was not sta-
tistically significantly diVerent in TNB treated
animals (187 (11) ng/mg tissue) from that in
controls (123 (17) ng/mg tissue) (table 3). On
day 2, it progressively increased until day 5 in
TNB treated animals (322 (43) ng/mg tissue)
(p<0.05). It then decreased from day 6 (267
(67) ng/mg tissue) but still remained above that
in controls on day 10 (192 (35) ng/mg tissue)
(table 3). Again, it had increased moderately on
day 15 compared with that on day 0.

Discussion
In this study, we describe the time course of
intestinal lesions provoked by an intraluminal
instillation of TNB into guinea pig ileum. The
inflammation triggered by TNB induces de-
sensitisation of PAF and PGE2 receptors and
an increase in PAF content of the intestinal
wall. These changes depend on the time
elapsed between TNB instillation into the
intestinal lumen and the death of the animals.
Changes in cell contraction observed after

TNB instillation were of two types. (1) The
capacity of smooth muscle cells to contract was
altered by the inflammation since the magni-
tude of the maximal contraction induced by all
the agents tested was decreased by about 30%.
(2) Desensitisation of the contracting eVect of
PAF and PGE2 was characterised by a
rightward shift of the concentration-response
curve towards higher concentrations. The
eVect of inflammation on cell contractility was
unspecific as it aVected in the same way the
contraction induced by ACh and CCK as well
as that induced by mediators involved in the
control of inflammatory processes such as PAF
and PGE2. Other studies have also shown
modification of the amplitude of smooth mus-
cle cell contraction in inflamed gut. Indeed,
Snape et al15 observed a decrease in maximal
tension of the colonic circular layer from
patients with IBD after stimulation with
betanechol. In vivo, disturbances of colonic
motility, provoked in rat by TNB, are charac-
terised by a decrease in myoelectrical activity
and an increase in duration of the
contractions.19 Recently, it was shown that ilei-
tis induces desensitisation of the eVects of car-
bachol and histamine on ileal circular strips in
guinea pig.33

In contrast, the desensitisation of the con-
tractile eVect of PAF and PGE2 is specific to

Figure 7 Time relationship of platelet activating factor (PAF) receptor desensitisation in
intestinal smooth muscle cells (solid circle) after trinitrobenzenesulphonic acid (TNB)
instillation and PAF content in the ileum, after intraluminal instillation of saline (open
squares) or TNB (solid squares) in guinea pig ileum. PAF content was evaluated by thin
layer chromatography on the various days after TNB treatment (mean (SEM) for samples
obtained at each time from five diVerent animals). The concentration of PAF inducing a
maximal cell contraction did not change over time in saline treated animals and is not
shown. Statistically significant diVerences are quoted as follows: *p<0.05, **p<0.01,
***p<0.001 for comparison between TNB treated animals and values at D0; °p<0.05,
°°°p<0.001 for comparison between saline and values at D0; †p<0.05, ††p<0.01,
†††p<0.001 for comparison between TNB and saline treated animals at the same time
interval from surgery. On day 1 after intraluminal instillation of TNB, we observed a
moderate increase in PAF content of the gut wall (165 (22) ng/mg tissue) (NS) (table 3).
Three days after TNB treatment, PAF content was maximal in injured ileum (348 (31)
ng/mg tissue) (p<0.001), and was significantly higher than that measured on day 3 in
ileum from saline treated animals (p<0.01). The PAF content remained at this high level
for the next 2 days (days 4 and 5). From day 6, it decreased and returned to basal level by
day 10 (200 (9) ng/mg tissue). On day 15, the amount of PAF in the ileum from TNB
treated animals increased again (215 (30) ng/mg tissue) and was significantly higher than
that measured in untreated animals (day 0) (109 (13) ng/mg tissue) (p<0.05).
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these inflammatory mediators. We observed in
this study changes in the capacity of PAF and
PGE2 to elicit contraction of smooth muscle
cells that were similar to those we found previ-
ously when incubating cells in vitro with high
concentrations of these agonists.22 In those in
vitro studies and in the present in vivo experi-
ments, the desensitising eVect was limited to
PAF and PGE2 and did not aVect the contrac-
tion induced by ACh or CCK. We concluded
from the previous experiments that this desen-
sitisation aVected the receptors themselves,
despite the fact that their pharmacological
properties were not altered in inflamed cells.23

Receptor desensitisation is often the conse-
quence of a prolonged stimulation of mem-
brane receptors by agonists and may function
to prevent overstimulation of cells. This
hypothesis is supported by the present observa-
tion that maximal desensitisation of PAF
receptors was observed six days after TNB
instillation and was preceded by three days of
dramatic increase in the amount of PAF in the
gut wall. Moreover these results are consistent
with our in vitro experiments, which showed
that desensitisation of PAF receptors is trig-
gered by PAF itself.22 This hypothesis is further
supported by our previous observation that an
antagonist of PAF receptors prevents desensiti-
sation of these receptors and decreases the
intensity of inflammatory lesions in the ileum.23

Similar results were obtained by others using
experimental colitis.9 These experimental ob-
servations clearly show that desensitisation of
PAF receptors during experimental ileitis is
linked to the intensity of inflammation and is
under the control of regulatory processes that
also participate in the control of inflammation
itself.
Among these regulatory mechanisms, a role

for PGE2 was suggested by in vitro experiments
that showed that PAF receptor desensitisation
in isolated intestinal smooth muscle cells was
mediated by PGE2.

22 Indeed, PGE2 may be
involved as a protective agent of the cells
during TNB induced inflammation.34 A few
studies in rat have shown that synthesis of
PGE2 occurs 48 hours after inflammation
induced by TNB.10 35 In the present study we
observed that desensitisation of PGE2 recep-
tors occurs two days after TNB instillation in
guinea pig ileum. Since we previously showed
that PGE2 receptor desensitisation is provoked
by PGE2 itself but not by PAF,

22 we can assume
that the amount of PGE2 in the gut wall is able
to increase dramatically during the first few
days of intestinal inflammation. PAF content
then also increases and both mediators may
thus play a role in the desensitisation of PAF
receptors, which occurs two days later. PGE2

may thus facilitate the desensitising eVect of
PAF. However, the interaction of PAF and
PGE2 in the regulation of intestinal inflamma-
tory processes may be more complex, as a
recent study has shown that PAF may activate
inducible cyclo-oxygenase and thus stimulate
the synthesis of arachidonic acid metabolites.36

Moreover, PGE2 is able to downregulate PAF
receptor expression by increasing concentra-
tions of intracellular cAMP in monocytes.37 38

In vivo, the role of PGE2 in controlling the
desensitisation of PAF receptors during experi-
mental ileitis has been shown in a previous
report from our laboratory.23 In these experi-
ments, indomethacin, which inhibits the activ-
ity of cyclo-oxygenase and the production of
prostaglandins, was able to prevent desensitisa-
tion of PAF receptors on day 6 of inflammation
produced by TNB.
The kinetics of the inflammatory changes

induced by TNB instillation into the ileum
observed here show that experimental ileitis is
characterised by two successive phases: the
early phase is acute inflammation characterised
by submucosal oedema and vascular dilatation;
this is followed by a subacute or chronic phase
characterised by the presence of submucosal
fibrosis. These histological changes are consist-
ent with those previously described in the
literature.39 These lesions are similar to those of
Crohn’s disease. The demonstration of a link
between intensity of inflammation and desensi-
tisation of receptors of various mediators
involved in the control of inflammatory pro-
cesses indicates that the modulation of these
regulatory pathways could be of clinical
interest. Indeed, drugs acting on such targets
could have an eVect on the course of symptoms
of IBD or on some of their aspects, such as the
disturbances of gut motility, that may partici-
pate in the pathogenesis of diarrhoea in
patients with IBD. Such drugs could also
improve inflammatory lesions in both acute
and chronic phases of IBD. Since we observed
a prolonged increase in PAF content of the
intestinal wall, even on days 10 and 15 when
desensitisation of PAF receptors had disap-
peared, we assume that desensitisation of
receptors may be an initial protective mech-
anism of cells against overstimulation and may
disappear in a more chronic situation when
other defence mechanisms may contribute to
cell protection.
In conclusion, we have shown that intestinal

inflammation induced by intraluminal instilla-
tion of TNB into guinea pig ileum triggers a
time dependent PAF and PGE2 receptor
desensitisation. This receptor desensitisation
occurs during the subacute phase of inflamma-
tion and is consecutive to the synthesis or
release of large amounts of PAF and PGE2 in
the gut wall. Modulation of this receptor
desensitisation may also result in improvement
of the natural course of inflammation.

1 Braquet P, Touqui L, Shen TY, et al. Perspectives in
platelet-activating factor research. Pharmacol Rev
1987;39:94–145.

2 Denizot Y, Chaussade S, Benveniste J, et al. Presence of
PAF-acether in stools of patients suVering from inflamma-
tory bowel disease. C R Acad Sci III 1991;312:329–33.

3 Denizot Y, Chaussade S, Nathan N, et al. PAF-acether and
acetylhydrolase in stool of patients with Crohn’s disease.
Dig Dis Sci 1992;37:432–7.

4 De Boissieu D, Denizot Y. PAF in stools of children: corre-
lations with gut inflammatory states. Foods, Nutrition and
Immunology 1992;1:35–43.

5 Kald B, Olaison G, Sjodahl R, et al. Novel aspect of Crohn’s
disease: increased content of platelet activating factor in
ileal and colonic mucosa. Digestion 1990;46:199–204.

6 Capasso F, Tavares I, Bennett A. Release of platelet-
activating factor (PAF) from human colon mucosa and its
inhibition by 5-aminosalicyclic acid. Drugs Exp Clin Res
1991;7:351–3.

7 Rachmilewitz D, Eliakim R, Simon PL, et al. Cytokines and
platelet-activating factor in human inflamed colonic
mucosa. Agents Actions 1992;10:C32–6.

PAF receptor desensitisation during experimental ileitis 363

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.43.3.356 on 1 S

eptem
ber 1998. D

ow
nloaded from

 

http://gut.bmj.com/


8 Sobhani I, Hochlaf S,Denizot Y, et al. Raised concentrations
of platelet activating factor in colonic mucosa of Crohn’s
disease patients. Gut 1992;33:1220–5.

9 Wallace J. Release of platelet-activating factor (PAF) and
accelerated healing induced by a PAF antagonist in an ani-
mal model of chronic colitis.Can J Physiol Pharmacol 1988;
66:422–5.

10 Eliakim R, Karmeli F, Okon E, Rachmilewitz D. Ketotifen
eVectively prevents mucosal damage in experimental
colitis. Gut 1992;34:264–9.

11 Longo WE, Polities G, Vernava AM, et al. Platelet-activating
factor mediates trinitrobenzene induced colitis. Prostaglan-
dins Leukot Essent Fatty Acids 1994;51:419–24.

12 Morris G, Beck P,Herridge M, et al. Hapten-induced model
of chronic inflammation and ulceration in the rat colon.
Gastroenterology 1989;96:795–803.

13 Miller MJS, Sadowska-Krowicka H, Chotinaruemol S, et al.
Amelioration of chronic ileitis by nitric oxide synthase inhi-
bition. J Pharmacol Exp Ther 1993;264:11–16.

14 Martinolle JP,Moré J, Dubech N, et al. Inverse regulation of
á- and â-adrenoceptors during trinitrobenzenesulfonic
acid (TNB)-induced inflammation in guinea-pig small
intestine. Life Sci 1993;52:1499–508.

15 Snape WJ, Williams JR, Hyman PE. Defect in colonic
smooth muscle contraction in patients with ulcerative coli-
tis. Am J Physiol 1991;261:G987–91.

16 Sethi AK, Sarna SK. Colonic motor activity in acute colitis
in conscious dogs.Gastroenterology 1991;100:954–63.

17 Cohen JD, Kao HW, Tan ST, et al. EVect of acute
experimental colitis on rabbit colonic smooth muscle.Am J
Physiol 1986;251:G538–45.

18 Morteau O, Moré J, Pons L, et al. Platelet-activating factor
and interleukin 1 are involved in colonic dysmotility in
experimental colitis in rats. Gastroenterology 1993;104:47–
56.

19 Deshpande Y, Longo WE, Chandel B, et al. EVect of
platelet-activating factor and its antagonist on colonic dys-
motility and tissus levels of colonic neuropeptides. Eur J
Pharmacol 1994;256:R1–3.

20 Jouet P, Sarna SK. Immunomodulation of enteric nerves,
smooth muscle cells and motor activity by PAF during
acute ileitis. [Abstract] Gastroenterology 1994;106:A520.

21 Jeanneton O, Delvaux M, Botella A, et al. Platelet-activating
factor (PAF) induces a contraction of isolated smooth
muscle cells from guinea pig ileum: intracellular pathway
involved. J Pharmacol Exp Ther 1993;267:31–7.

22 Jeanneton O, Delvaux M, Botella A, et al. Homologous
desensitization of PAF receptors in isolated smooth muscle
cells from guinea pig ileum. J Lipid Mediat 1994;10:331–
44.

23 Jeanneton O,DelvauxM, Frexinos J, et al. Desensitization of
platelet-activating factor receptors, induced by inflamma-
tion in guinea-pig ileal smooth muscle cells. Gastroenterol-
ogy 1995;108:1666–75.

24 Chesney CM, Pifer DD, Huch KM. Desensitization of
human platelets by platelet-activating factor. Biochem
Biophys Res Commun 1985;127:24–30.

25 Keraly C, Benveniste J. Specific desensitization of rabbit
platelets by platelet-activating factor (PAF-acether) and
derivatives. Br J Haematol 1982;51:313–22.

26 Tokumura A, Yoshida J, Okasaka N, et al. Platelet aggrega-
tion induced by ether-linked phospholipids: mechanism of
desensitization of rabbit platelets by platelet activating fac-
tor and reversibility of inhibitory actions of its antagonists.
Thromb Res 1987;46:153–61.

27 O’Flaherty JT, Lees CJ,Miller CH, et al. Selective desensiti-
zation of neutrophils: further studies with 1-O-alkyl-sn-
glycero-3-phosphocholine analogues. J Immunol 1981;127:
731–7.

28 Zhou W, Javors MA, Olson MS. Platelet-activating factor as
an intracellular signal in neutrophil-dependent platelet
activation. J Immunol 1992;149:1763–9.

29 Chao W, Liu H, Hanahan DJ, et al. Regulation of
platelet-activating factor receptors in rat KupVer cells. J
Biol Chem 1989;264:20448–57.

30 Makhlouf GM. Isolated smooth muscle cells of the gut. In:
Johnson LR, ed. Physiology of the gastrointestinal tract, 2nd
ed. New York: Raven Press, 1987:555–69.

31 Bligh GH,Dyer WJ. A rapid method of total lipid extraction
and purification. Can J Biochem Physiol 1959;37:911–17.

32 Denizot Y, Chausade I, De Boissieu D, et al. Presence of
PAF-acether in stools of patients with bacterial but not with
viral or parasitic diarrhoea. Immunol Infect Dis 1992;2:269–
73.

33 Martinolle JP, Garcia-Villar R, Fioramonti J, et al. The con-
tractility of circular and longitudinal intestinal smooth
muscle is diVerentially altered during trinitrobenzene-
sulfonic acid induced ileitis in guinea pigs. Neurogastroen-
terol Motil 1995;7:187–95.

34 Hoshino H, Sugiyama S, Ohara A, et al. Mechanism and
prevention of chronic colonic inflammation with trini-
trobenzene sulfonic acid in rats. Clin Exp Pharmacol Physiol
1992;19:717–22.

35 Bazan NG, Marscheselli VL, Mukherjee PK. Regulation of
inducible prostaglandin synthase in cell injury. In: 9th Inter-
national Conference on Prostaglandins and Related Compounds
(Florence) 1994:19 [abstract].

36 Dagenais P, Thivierge M, Rola-Pleszczynski M. Pharmaco-
logical modulation of the human PAF receptor by misopr-
ostol. In: 9th International Conference on Prostaglandins and
Related Compounds (Florence) 1994:55 [abstract].

37 Thivierge M, Alami N, Müller E, et al. Transcriptional
modulation of platelet-activating factor receptor gene
expression by cyclic AMP. J Biol Chem 1993;268:17457–
62.

38 Thivierge M, Alami N, Müller E, et al. Modulation of
human PAF receptor gene expression by cyclic nucleotides
and cytokines. J Lipid Mediat 1994;10:87–8.

39 Morteau O, Bueno L. Animal models of intestinal
inflammation.Gastroenterol Clin Biol 1995;19:204–14.

364 Jeanneton, Delvaux, Langlois, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.43.3.356 on 1 S

eptem
ber 1998. D

ow
nloaded from

 

http://gut.bmj.com/

