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Abstract

Distension of the rat intestine causes a depressor response which is predictive of nociception. This study investigated the effects of
( )previous infection with Nippostrongylus N. brasiliensis on the sensitivity to intestinal distension and the role of tachykinin NK 2

Ž . w Ž . Žreceptors. The tachykinin NK receptor antagonist, SR48968 S -N-methyl-N 4- 4-acetylamino-4-phenylpiperidino -2- 3,4-dichloro-2
. x . Ž .phenyl butyl benzamide inhibited the nociceptive response ED s0.7 mgrkg in control rats. In post-N. brasiliensis-infected rats50

sensitivity to intestinal distension was increased which was accompanied by an increase in the apparent potency value of SR48968
Ž .ED s0.1 mgrkg . The hypersensitivity was limited to areas of hypermastocytosis. It is concluded that the post-inflammatory changes50

that occur in post-infected rats increase visceral sensitivity and the apparent potency of tachykinin NK receptor antagonists. q 19972

Elsevier Science B.V.
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1. Introduction

In anaesthetised rats, distension of the gastrointestinal
tract causes a cardiovascular depressor response which is

Žconsidered to be predictive of visceral nociception Ness
.and Gebhart, 1990 . To date, knowledge of the pharmacol-

ogy of this reflex is somewhat limited. 5-HT receptors3
Ž .have been shown to be involved Moss and Sanger, 1990

and the reflex is abolished in capsaicin-treated rats
Ž .Lembeck and Skofitsch, 1982 . Therefore, the purpose of
the current study was to extend this knowledge via an
investigation into the involvement of tachykinins, specifi-
cally tachykinin NK receptors. The involvement of2

tachykinins was chosen for investigation since they have
been implicated in the transmission of somatic nociception
Ž .e.g. Seguin et al., 1995 acting via tachykinin NK and1

NK receptors. Tachykinin NK and NK receptors have2 1 2
Žalso been implicated in visceral nociception Julia et al.,

.1994 .
The study also aimed to investigate whether the post-in-

flammatory, neuroimmune changes, that persist in rats

) Ž . Ž .Corresponding author. Tel.: 33-5 6128-5141; Fax: 33-5 6128-5310.

( )previously infected with Nippostrongylus N. brasiliensis
Ž .Stead, 1992 affect sensitivity to intestinal distension and
if so to determine whether this hypersensitivity is limited
to the areas of hypermastocytosis or extended to other
unaffected regions. The possible involvement of tachykinin
NK receptors in the hypersensitivity was also investi-2

gated.

2. Materials and methods

2.1. Surgical and experimental procedure

ŽControl or post-N. brasiliensis-infected 30 days post-
. Ž .infection male Wistar rats 330–400 g were used. Infec-

tion was achieved via subcutaneous injection of 5000 third
stage infective larvae of N. brasiliensis in 0.5 ml sterile
saline inoculated into the flank of the rats. Rats were

Ž .anaesthetised with pentobarbitone sodium 60 mgrkg, s.c. .
The trachea was cannulated and mean systemic blood
pressure was recorded via the left common carotid artery.

Ž .Jejunal 7 cm from the ligament of Treitz or colonic
Ž .distal colon, 3 cm from the rectum distension was per-
formed by the rapid inflation of a 5 cm long latex balloon
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Ž .connected to a Statham pressure transducer P23ID to
record intraluminal pressure. For the jejunal experiments a
cut was made at one end of the selected segment of
jejunum on the antimesenteric side to introduce the de-
flated latex balloon which was loosely secured by cotton
thread. For the colonic distension experiments the deflated
latex balloon was introduced into the rectum.

Pressure–response curves to jejunal or colonic disten-
sion were constructed using application of graded pres-

Ž .sures 12.5–75 mmHg, 25 s every 5 min and compared in
control and post-infected rats.

2.2. Effects of tachykinin NK receptor antagonism2

Prior infection with N. brasiliensis was shown to cause
a jejunum-specific hypersensitivity and as such the antago-
nist was only tested against the jejunal distension-induced
depressor response to determine whether the altered jejunal
sensitivity involved changes to apparent antagonist po-
tency.

A modification of the method of Moss and Sanger
Ž .1990 was used as follows: Repeated jejunal distension
Ž .75 mmHg, 25 s every 5 min was applied until a constant
depressor response was achieved. The involvement of
tachykinins was investigated via the use of the non-peptide
tachykinin NK receptor selective antagonist SR489682
Ž . Ž .Emonds-Alt et al., 1992 . SR48968 0.1–10 mgrkg or
an equivalent volume of vehicle were given i.p. and the
effect observed over the subsequent 30 min.

2.3. Histochemical assessment and myeloperoxidase actiÕ-
ity

Samples of jejunum and colon were fixed in Carnoy’s
fluid. Slides were routinely stained by hemalun and eosin;
mast cells were stained with Alcian Blue-safranin as de-

Ž .scribed previously Enerback et al., 1985 .
Intestinal myeloperoxidase activity was measured to

ensure that intestinal inflammation had resolved in 30 day
post-infected rats. Myeloperoxidase activity was measured
in intestinal samples according to the method of Bradley et

Ž .al. 1982 .

2.4. Data analysis

Responses were compared using Student’s paired or
unpaired t-test. The criterion for statistical significance
was P-0.05. The equation as described by Ness and

Ž . Ž .2 ŽGebhart 1988a,b : Dblood pressure s slope =
.intestinal distension q intercept allowed a transformation

of the graded pressure–response function. Distension
thresholds were calculated from the pressure that would
evoke a change in blood pressure of 10 mmHg.

The responses to jejunal distension following SR48968
administration were expressed as a percentage of the re-
sponse immediately prior to dosing. The maximal effects

observed over the test period were used to calculate appar-
ent potency values expressed as ED values with 95%50

Ž .confidence limits 95% C.L. all other values are repre-
sented as mean"S.E.M.

2.5. Drugs

Ž . w ŽSR48968 S -N-methyl-N 4- 4-acetylamino-4-phenyl-
. Ž . x .piperidino -2- 3,4-dichlorophenyl butyl benzamide was

dissolved in dimethyl sulfoxide and made up to volume
with an equivalent volume of 0.9% saline and was kindly

Žsupplied by Dr. Emonds-Alt, Sanofi Laboratories Mont-
.pellier .

3. Results

3.1. Histological and myeloperoxidase analysis

Inflammatory sites were not detected macroscopically
or microscopically in intestinal tissue samples from control
Ž . Ž .ns9 and post-infected rats ns9 . However, signifi-

Žcant hypermastocytosis was observed in the jejunum con-
trol, 73"30 mast cellsrmm2 tissue, ns9; post-infected,

2 .317"109 mast cellsrmm tissue, ns9; P-0.05 but
Ž 2not in the colon control, 82"52 mast cellsrmm tissue,

ns9; post-infected, 129"63 mast cellsrmm2 tissue; P
.)0.05 in post-infected rats.

Myeloperoxidase activity values were not significantly
Ždifferent between control jejunum, 68"11 IUrmg; colon,
. Ž120"55 IUrmg, ns9 and post-infected jejunum, 111

. Ž"31 IUrmg; colon, 144"31 IUrmg, ns9 rats P)
.0.05 .

3.2. Distension studies

ŽJejunal or colonic distension 12.5–75 mmHg, 25 s
.every 5 min elicited a pressure-dependent depressor re-

Ž .sponse Fig. 1 . The depressor responses to jejunal disten-
Žsion were significantly greater in post-infected rats Fig.

.1A, P-0.05 which lead to a 5-fold decrease in the
Žcalculated threshold pressure 22.5 mmHg, control; 4.3

.mmHg, post-infected . However, the colonic distension-in-
Žduced responses were not significantly affected Fig. 1B,

Ž .P)0.05, threshold values: 16.8 mmHg control and 15.1
Ž .mmHg post-infected .

Ž .SR48968 0.1–10 mgrkg produced a dose-dependent
inhibition of the depressor response to jejunal distension

Žgiving rise to an ED of 0.7 mgrkg 95% C.L., 0.4–1.5,50
. Ž .ns20 in control rats Fig. 2 . In post-infected rats the

apparent potency value of SR48968 was significantly
Ž Žgreater than in control rats ED s0.1 mgrkg 95% C.L.,50

.0.05–0.22, ns13, P-0.05, Fig. 2 .
The administration of SR48968 did not modify the

volume of air required to obtain a constant intestinal
pressure of 75 mmHg in the repeated intestinal pressure
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Ž . Ž .Fig. 1. Depressor response to graded A jejunal and B colonic disten-
Ž .sion 12.5–75 mmHg for 25 s in anaesthetised rats. Responses are

Ž Ž . Ž .compared in control v, ns9 jejunum , ns5 colon or post-infection
Ž Ž . Ž .with N. brasiliensis `, ns9 jejunum , ns5 colon . Results are

expressed as means"S.E.M. ) P -0.05 post-infected vs. control rats
Ž .Student’s t-test .

Ž .Fig. 2. Regression analysis of the effect of SR48968 0.1–10 mgrkg on
Žthe depressor response induced by jejunal distension 75 mmHg, 25 s

. Ž . Ž .every 5 min in control v or post-infected ` anaesthetised rats. Each
point represents the mean"S.E.M. of at least 4 data points.

experiments nor did infection modify the relationship be-
tween volume and intestinal pressure in the graded intesti-
nal pressure experiments. This indicates that intestinal
compliance was not affected.

4. Discussion

This study has shown that the chronic changes which
occur in rat jejunum post-infection with N. brasiliensis, at
a time when intestinal inflammation, as assessed by
myeloperoxidase activity, has resolved cause increased
sensitivity to distension an effect which was limited to the
areas of hypermastocytosis. The data obtained with
SR48968 show, for the first time, that tachykinin NK 2

receptor antagonists, inhibit nociception in response to
noxious jejunal distension in anaesthetised rats, an effect
which is possibly related to tachykinin NK receptor2

antagonism and that changes to tachykinin NK receptor-2

mediated nociception are possibly involved in the visceral
hyperalgesia observed following intestinal infection.

The tachykinin NK receptor antagonist SR489682
Ž .Emonds-Alt et al., 1992 , without significantly affecting
resting blood pressure, inhibited the jejunal distension-in-
duced depressor response in a dose-dependent fashion.
These data are in line with previous studies in which
tachykinin NK receptor antagonists have been shown to2

have antinociceptive properties in various animal models
Ž .of somatic pain Santucci et al., 1993; Seguin et al., 1995 .

Tachykinin NK receptor antagonists have also been shown2
Ž .to inhibit visceral nociception in rats Julia et al., 1994 .

Further, the apparent in vivo potency of SR48968 deter-
mined in the present study is similar to other in vivo

Ž .reports Santucci et al., 1993; Poncelet et al., 1993 .
The observation that the hypersensitivity to distension

Žwas limited to the areas of hypermastocytosis i.e. the
.jejunum suggests that mast cell activation is involved in

the post-infection hypersensitivity, however further studies
are required to fully investigate the involvement of mast
cells. The hypersensitivity can not be attributed to acute
inflammatory changes as myeloperoxidase activity, a
marker of intestinal inflammation, had returned to control
levels in 30 day post-infected rats. The fact that the
hypersensitivity was observed at both noxious and innocu-
ous pressures suggests also that the pressures used are
relevant to pathophysiological conditions. However, one
potential disadvantage of the present study is that only
jejunal hypersensitivity was observed which is arguably
not directly relevant to irritable bowel syndrome, a disor-
der which predominantly affects the colon, but jejunal
hypersensitivity is observed in irritable bowel syndrome
Ž .Evans et al., 1996 and as such the mechanisms involved
in jejunal hyperalgesia probably relate to the generalised
hyperalgesia seen in irritable bowel syndrome.

The post-inflammatory changes which occur in rat je-
junum at day 30 post-infection with N. brasiliensis have
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previously been shown to include an increase in mucosal
mast cell number and substance P levels, nerve re-model-
ing and a shift in the enteric nervous system away from

Žcholinergic to tachykininergic regulation Stead, 1992;
.Masson et al., 1996 . The change in substance P levels

possibly explains the altered apparent antagonist potency
observed in the present study but is also possibly due to
changes in tachykinin NK receptor number following2

infection or a combination of both factors. Further studies
are required to fully explore these possibilities, however, it
is unlikely that the affinity of the antagonist for the
tachykinin NK receptor is affected. The increase in mast2

cells putatively parallels the pathophysiology of irritable
Žbowel syndrome, as suggested recently Weston et al.,

.1993; Pang et al., 1996 . However, mastocytosis also
occurs in other conditions in which visceral hyperalgesia is
observed such as infection and inflammatory bowel disor-

Ž .ders Mayer and Raybould, 1993 . Nevertheless, as mast
cells are in intimate contact with peptidergic nerves in the

Ž .gut Stead et al., 1989 changes in the relationship between
mast cells and enteric neurons may affect the sensitivity of
visceral afferents and be responsible for the change in
sensitivity observed in the present study.

In summary, the apparent link observed in this study
between mast cell number, apparent tachykinin NK re-2

ceptor antagonist potency and visceral sensitivity suggests
that hypermastocytocis andror changes in tachykinin neu-
rotransmission, in the absence of inflammation, may be
partly responsible for visceral hypersensitivity.
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