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Figure 7A: Effect of 5-HT,; Receptor Antagonist Y-25130 on MCs
in Colon: _
¥-25130 significantly inhibited MCs amplitude in both
control and inferted colon (P<(.81 and P<0.01).
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Figure 7B: >HT, Receptor Antagonist Y-25130 had no effect on MCs
intervals.
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Figure 6A: Effect of COX Inhibitor Naproxen on MCs in the Colom

In contrast to the findings in the jejunum (Fig. 2A) naproxen
significantly attermated MCs amplitude (P<0.03 and P<0.02).
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Figure 6B: COX Inhibitor Naproxen increased MCs interval (P<0.02 and
P<0.01) in control compared to infected tissue..
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Figure 5: Motor Compiex (MCs) in the Colom:

Expanded pressure trace showing the pattern of contractile
activity observed in conirol {A) and infected (B} colon at a
distending pressure of 4-5 cm/H,0.
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Figure 4 {A+B): Effect of 5-HT, Receptor Antagonist Y-25130 on M(s
in the jejunum:
(A) Y-25130 significantly inhibited amplitude on MCs
in an isolated conirol jejunum (P<0.05). (B} Y-25130
significantly inhibited MCs amplitude in infected

jejunum (P<0.065).
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Figure 4C: 5-HT; Receptor Antagonist Y-25130 had no significant effect on
MCs interval
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Figure 3: Effect of Naproxen in the Jejunum:
Histogram showing the magnitude of decrease of
interval in infected animals (P<0.05).
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Figure 2A: Effect of COX-2 Inhibitor (Naproxen} on MCs in the jejunum:
Histogram depicting the increase of MCs amplitude in control and
infected (P<0.05 and P<0.01; jejununt.
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Figure 2B: Effect of COX inhibitor (Naptoxen} on MCs in the
jejunnm
Histogram depicting the decreased of MCs interval
evoked by maproxen in control and infected tissues (P<
0.02 and P<0.01, respectively).
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Figure 1: Motor Complexes in the Jejunum:
Expanded pressure trace showing the pattern of contractile
activity observed in control and infected jejunum at a
distending pressure of 2.5-3 cm/H20.
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termunals of primary afferent nerves
mtrinsic  to  the ” enteric  nervous
system which  then  activate
downstream  intemeuron’s  and
motoneurons in  enteric  neural
circuits mediating peristalsis.

The inhibitory effect of Y-
25130 on MCs amplitude was also
supported by studies of (Bush ¢ af |
2001; Spiller, 2006 who observed
that drugs that alter 3-HT signaling
have some therapeutic benefit in the
treatment of patients with Irrtable
bowel syndrome (IBS) However,
our results which shows that the
effect of 3-HT; receptor antagonist
was less proncunced in the colon
when compared to the jejunum are
consistent with the recent findings
of Berthoud ef al, (2004); Grundy
and Schemann, (2004) who showed
that the mucosal 5-HT synthesis
and reuptake  were significantly
reduced in pathological conditious
such as ulcerative colitis and IBS.

In conclusion, the present
study suggests that infection with 5.
mansonl leads to disturbance of GI
motility. The different effect of
fection on amplitude and interval
of MCs possibly reflects different
actions  on  the newromuscular
apparatus and the enteric reflex
circutts that control the pattern of
contractile activity.
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the mvolvement of COX whibutor
displaved  different action of s
intubitor on jejunum and colon.

Pattern of coniractile activity
m  hoth  control  and  infected
jeiunum and colon indicated  that
intraluminal distension in 8-wk post
mfection produced an increase of
jejunual  amplitude and  colonic
MCs intervals. Thus, obwviously
different receptors-mediated
contractions were nvolved during
inflammation. This was consistent
with De Man et al., (2001) results
who found that infection with §
mansoni disturbed the cholinergic
enteric neurotransmission and may
contributed to the intestinal motility
disturbances. The outcome of the
study were also supported by the
hypothesis which declares that the
clinical symptoms of intestinal
Schistosomiasis may be mediated
by a dysfunction of Gl motor
function (De Jonge er al, 2003, B!
Zawawy el al., 2006).

in the present work, Cyclo-
oxygenase  inhibitor  naproxen
(10uM) increased the frequency of
MCs in the jejunum and inhibited
MCs in the colon of control and
infected mice that imphed fo the
role of endogenous PG on the
activation of different  receptor
subtypes in various regions of Gi
tract. This conclusion was similar to
Narumiva ef al, (1999}, Grasa ¢/
al . (2006); Santos et al., (2007}
whom  demonstrated  that PG
receptors were found o different
regions of GI tract and functionally
divided into contractile and relaxant
receptors  that  mediate diverse

_respond  to

effect  of  PG. Agaln this
assumption  was  supported by
Drekkers of al L (1997) who reported
that PG evoked contraction m
longntudinal muscle and relaxation

in circular muscle entail to the
involvement  of  different PG
receptors and may indicate that

endogenous PG were an essential
component for the mamtenance of

regular  contractile  activity  in
inflammation  and  under  normal
conditions.

It is important to mention
that the effect of naproxen on MCs
activity were greater in infected
animals  compared  to  control
suggesting that the inhibition of
cyclo-oxygenase by COX mhbitors
may affect the production of PG
release during infection. Cur result
was similar to the findings of De
Man et af , (2002}, They stated that
mfection with S mansoni  disturbs
the release of neurotransmitters and
mediated modulation of cholinergic
eriteric neurotransmission.

5-HT; -receptor antagonist
Y-25130 wsed in this investigation
inhibited MCs amplitude of mouse
jejunum  and  colon dunng  basal
conditions. These results  were
supported by the hypothesis  of
Galligan, (2004) who suggested that
modudation of 5-HT release from
EC cells is critical to normal and
abnormal Gl function because EC
cell are sensory transducers that
mechanical  stunul
applied to the mucosa causing 5-HT
release, The release of 3-HT from
EC cells can then act at 5-HTy and
3-HT, receptors localized on the
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P<0.05). At the mean time there
was no effect on MCs amplitude
(34+4 vs 3945, P>0.05, Fig. 3
A+B). '

Effect of Naproxen on MCs in the
Colon '

The eftect of COX inhibitor
naproxen (10uM) on the colon
produced opposite effect to the
jejunum. In control and infected
colon naproxen repressed MCs
frequency. MCs amplitude was
decreased significantly 1 both
control  (27.19+355 vs 1854,
P<0.05, Fig. 6A) and infected
(367710 ws 2832x10, P<0.05)
tissue compared to the observation
in jejunun in which naproxen had a
higher effect on MCs amplitude.
Naproxen in the colon had a
pronouniced  effect  on  MCs
intervals. Such an effect was greater
mm infected tissue compared fo
control. {137.29+37s v
245 273495 P<<0 01 and 81.09+145
vs 105 31x14s, P<0.03 respectively,
Fig 6B).

Effect of 5-HT; in the Colon
5-HT; receptor  antagomst
(1uM) inhibited the amplitude
both  control (3993245  ws
2138725, P<00]) and 8wk
mfected  colon (3972445 we
2055425, P<001, TFig TA)
However, the magnitude of the
mhibition was less marked in the
colon (P>(.05) when compared to
the  jejunum  (P<0.03)  MCs
intervals were not affected by Y-
25130 tn both controf (77 71135 vy

G2 15+17s, P<00Y) and infected
(11335455 vs 164 932205, P<0.06)
tissues.  Although there was an
merease  m MCs  intervals  in
infected tissue, this merease did not
reach the sigmficant value (Fig
7B).

DISCUSSION

Intestinal inflammation with
S.mansoni leads to alteration m GI
motility. However, the mechanisms
underlying these alterations and the
receptor invidved n the
mflammatory response  were not
fully determined (De Jonge er al |
2003).

in this study, the pattern of
contractile activity in response to
mtraluminal - distension o 8-wik
infected mice differs from the
responseé i conirol mice in both
jejunum and colon. In the jejunum,
Schistosomiasis induced significant
increased i MCs amphitude while if
triggered  increased in MCs
intervals in 8-wk infected colon
These  observations  were m
agreement with De Man er al,
(2002); El Zawawy er al., (2006),
since S, munsonar infection induced
smooth muscle hyper contractility
of the small intestine.

Although the pathogenesis of
Schistosomiasis have been
extensively studied, little
mnvestigations have been focused on
the role of inflammatory mediators
such as 3-HT and PG on motor
patterns of contractile activity i the
small and large bowel wall during
infection. Moreover, this study on
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compared to control. The activity
consisted of periodic increases
intraluminal pressure separated by
periods of relative quiescent.

The increase in ntraluminal
oressure  coincided with wave of
contraction seen as parallel line
propagates from oral to aboral.
Base line pressure was about the

same in control and infected
animals. However, in conirol
jejunum, MCs had a maximum
pressure  of 2.65+025  omihO,
separated by intervals of 38.8%10
seconds (Fig. 1A). While in
infected jejunum MCs had a
maximum  pressure  of  8.58%1

cemH,0 and mntervals of 52.5746
seconds (Fig. 1B). The amplitude of

jejumal  MCs  was  increased
significantly  in  tissues  from
infected  jejunum  compared o
control, whereas there was no
significant  effect of on  MCs
itervals.

Fffect of COX-1 [Iplsbiter on
Wi of the Jejunum

In control jejunum the COX
wmhibitor fAproxen {10pM)
increased the amplitude (2.4620.01
vs 4.93+0.5 cmH,0, P<0.05) and
decrease  the intervals of MCs
(39.58+5s vs 24,125, P<0.05, Fig.
2B). In infected jejunum, naproxen
amplified the amplitude (8.9640.5
vs 1236201 embLO, P<0.01, Fig.
2A) and reduced the MCs tervals
(49 06+3s vs 19.01x0.65, P<00L,
Fig. 2B). Such an effect that was
greater in infected tissue compared
to controls (P<0.05, Fig. 3).

Effect of 3HT;  Receptor
Antagonist in the Jejunum

fn control  jejunum  5-HT;
receptor  antagonist  (Y-25130,
1uM) indiced sigmficant inhibition
of  amplitude  (2.93203 Vs
I 84:0.03 om0, P<0.03, kg
4AY. Such an effect was greater in
infected tissue compared to control
(7.57+1 vs 4261 cmH,O, P<0.01,
Fig. 4B).

The effect of 5-HT; receptor
antagomist on MCs intervals was
different. Although the infervals n
control tissue remain unchanged

there was a tendency for the
interval to increase in  infected
tissue (47 60k3s vs  78.74x20s,

P<0.06 Fig., 4C). However, this
increase was not significant.

Moter Complex in Colon
Intraluminal  distension  of
mouse colon tevealed a similar
pattern of contractile activity
mouse  jejunum,  whereas  the
parameters of peristaltic  reflex
between jejunum and colon were
different. In control and infected
colon, the intraluminal  pressure -
required to initiate the penstaltic
reflex was higher when compared
with jejunum. In control tissue,
base line pressure was 4-3 cmH,0,
while maximum pressure was 34+4
cmH;0 and the interval was 85+8s.
Although infected jejunum revealed
significant  increase o MCs
amplitude compared to  control
(P<0.05, Fig. 1B), infected colon
showed significant increase o
intervals (84 4+83s vy 128.55%17s,
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(composttion in mM: NaCl 117,
KO 47, NaHCOy 25, CaCl; 2.5,
MgCly 1.2, Nab;POy 2H0 1.2 and
Degluicose 11y, Tissues  were
prepared as described by Abdu ef
al, 20023, Two jejunal and colon
segments approximately 5 cm in
length were prepared from each
anmal  and  fouwr n total were
mounted honizontally in separate 20
mi  perfusion  chambers, Tissues
were maintained at 37 C, perfused
with Krebs solution at a rate of
Sml/min, and allowed to equilibrate
for at least 30 min  before
experiments started. Motor complex
{MCs) of jejunual and colon in
mfected and uninfected mice were
monitored and analyzed by using
{Neurolog/NL 900D, Digitimer Ltd,
Hertfordshire, England) to record
contractife activity as changes In
intrajuminal pressure under
volumetric condifions to compare
regionai  differences and  their
responsiveness  to blockade of
inflammatory  mediators  including
prostanoids and 5-HT.

Expertmental Protocol

[solated  jejunal and  colon
segments were distended w 2-3.3
et O and 4.5 cmH,O,
respectively, to evoke {MCs). Only
preparations v which reguiar MCs
used for

were  mamntamed  were
subsequent  experiments.  Drugs
(naproxen  and  S-HT, receptor

antagomst Y-25130) were added 1o
the chambers 15 minutes after
stopping perfusion and recording
continued tor a further 20 minutes

before washing out the drugs and
re-instating perfusion.

Drugs

All - the peptides  were
purchased from  Sigma Chemical
(USA) and were dissolved in

distifled  water unless  otherwise
stated. 5-HTy receptor antagomst
(Y-Z5130) was dissolved in saline
(0.9% Na CI). Ali drugs were stored
at —20'C. Freshly diluted aliquots
were mamtained on ice during the
course of the experiments and
added to the bath i microlitre
volumes.

Bata Analysis

MCs were measured in terms
of their peak amplitude above
baseline {cmH;0), while duration

and interval between them were
expressed  in seconds  (s).
Pretreatment wvafues were taken

dunng the 15 minutes before drug
application and the response effect
was monitored m the 15 minutes
following application. Results are
expressed as  absolute values +
standard erroe of mean (S.E.M).
Paired data were compared using
student’s  t-test.  Probability  of
P<0.05 was considered significant.

RESULTS
MCs in Jejunum
Luminal distension of
solated  segments  of  mouse
Jejunum evoked a regular pattemn of
motor  activity.  There  was  no
difference between the pattems of

activity  in iifected  jejunum
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The COX-! enzyvme is the
major isoform expressed n GI tract
(Tanaka et al, 2062, Warner and
Mitchell, 2004). It is believed that
the adverse effect of nonstercidal
anti-inflammatory drugs (NSALDs])
result from the inhibition of ths
isoform (WNorthey et al., 2000).

Naproxen is antagonist with
some selectivity at COX-1 isoform.
it has been shown to control the
formation of PG and reduce the
inflammation by inhibiting COX-1
isoform (Warner and Mitchell,
2004).

5.HT is a critical mediator of
the peristaltic reflex released from
EC cells that respond to mechanical
stimuli applied to the mucosa. 5-HT
is also  implicated In  the
pathogenesis of intestinal peristalsts
since locally released  5-HT
contributes to the imtiation of
motor reflexes and the transduction
of nociceptive sumuli (Delvaux er
al., 1998). S5-HT; and 5-HIa
receptor ligands have proved to be
effective in the treatment of visceral
hypersensitivity and moitlify
disorders (Grundy and Schemann,
2004). Pharmacological blockade of
5-HT; receptor dimizsishes
propulsive  motor  activity, and
reduces peristaltic reflex activity
(Wade et af., 1996; Tuladhar e al.,
1997).

Therefore, the rational of the
present study was to compare the
patterns of contractile activity in
control animals with other amimals
that have been subjected to an
inflammatory insult and to examine
the role of 3-HT and prostanoids by

using  3-HT: seiective  receptor
antagonists (Y¥-23130) and COX
inhibitor Naproven on ihe
peneration  of  abnormal  motor
patterns.

MATERIAL AND METHODS
Schistosoma mansoni Infection
The maintenance of the S
mansoni life  cyele  and  the
transeutanenus wfection of mice
with S mansoni were carried out
according to the methods of Bogers
et al, (2000}, Moreels et al,
(2001) Swiss male mice (age T-wk)
were transcutaneously infected with
asbout 100 S monsoni cercariae,
then loaded with treated water
containing 100 infectious cercanae
of a Biomphalaria Alexandriana
strain of S, mansoni. The cercanae
were allowed to penetrate duning 30
min after which the water was
removed and checked for remaining
cercariae. Control  and  Infected
mice were sacrificed by cervical
dislocation after 8-wk of infection
and the contractile activity of
isolated segments from jejunum and
colon were nvestigated.  All
experimenis were approved by the
Ethic Commitiee of King Fahad
medical research centre (KFMRC).

Tissue Preparation

Control and infected ammals
were stunned by a biow on the
head. A mid-line laparotomy was
performed and a segment of
proximal jejunum and colon was
rapidly excised and placed
gassed {93% O and 3%6C ) Krebs
bicarbonate buffer solution
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conswderable attention on studying
the mechanisms  which generate
these symptoms particularty  the
role of enteric neural circuits that
contribute  to the  intestingl
inflammation  (Kivosue e al,
2006). Schistosomiasis are useful in
studying mflammation-induced
changes in intestinal sensory motor
function. It is characterized by
gastromtestinal ~ {GI}  motility-
related disorders (e Jonge ef al,
2003} due to the distribution or
release of chemical mediators such
as prostanoids and 5-HT and to the
atfinity of their specific receptors.

S-hydroxytryptamme  (5-HT,
serotonin)  and  cyclo-oxygenase
(COX) are known to act as
newrogenic mediators  within  the
enteric  neural  circutes  during
inflammation (Silva ef af, 1998
Neves er af | 1999, Moreels er af .
2001).  They exert their effects
through nteractions with different
receptor subtypes on nerves and
muscle cells in the small mtestine
{Lordal and Hellstrom, 1999,
Miranda er al, 2006). 3-HT has
been found in the enterochromaffin
cells (EC) of the mucosa of GI tract
(Berthoud er «/., 2004. Bertrand,
2006} It 15 also lecalized m the cell
bodies of neurones 1n the myenteric
plexus (Bertrand et al., 2000), nerve
fibres distnbuted in both mventeric
and submucous plexuses (Spiller,
2002y as well as in the lamina
propria {Bertrand er o/, 2000).

COX is the most common
therapeutic drug target in GI tract
(Warner and Mitchell, 2004; Fornat

et al., 2006} The two COX
enzymes, COX-1 and COX-2, were
responsible for the production of .
prostanoids such as PGE2, PGF2
alfa, Prostacycyclin and
thrompoxane (Fornai ez al., 2006).

Indogenous prostaglandin
(PG) have been shown to be
important mediators of GI motility
in control conditions (Tanaka ef al,
2002). As a result, the COX
inhibitor naproxen was used to
study the role of PG in the S
mansoni mfection-induced
alterations of contractile activity.

PG are also known to modify
Gl motility during inflammation
(Manning et al.. 2002), but the cell
surface receptors mediating these
prostanoid actions have not been
fully characterized. PGE receptors
of the EP1, EP2, EP3 and EP4 type,
were expressed i the gut of several
species mcluding man (Wu, 1995,
Northey et al, 2000). Cellular
localization studies indicate that the
external muscle layers display EPI,
EP2 and EP3 receptors and that
some EP3 receptors are also
associated with enteric neurons of

the rat and mouse intestine

(Whelton er al | 2002},
Pharmacological

imvestigations have shown that

circular muscle cells of the gumnea-
pigs ileum exhibit EP1 and EP3

receptors, which mediate
confraction  on  activation by
agomsts, whereas EP2 receptors

bring about relaxation (Northey ef-
al., 2000).
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ABSTRACT

Motor abnormalities during inflammation are related to distribunion
and/or release of chemical mediators such as prostanoids and A-Hydroxy
Trvptamine (3-HT) in addwon o the affinity of their specific receptors.
However, the mechanisms of these mediators and the receptors mvolved
are unknown. Experiments were performed on Swiss male mice ¥-wk
following infection with Schistosoma mansoni compared to uninfecied
controls. Jejunal and colonic motility was assessed using a Trendelenburg
tvpe preparation to study aborally directed motor complexes (MCs)
Results showed that the amphiude of jejunal MCs was mcreased in 155u¢5
“of infected jejunum compared o control { Pr(.05), while in the colon. there
was a significant merease i MCs Intervals 1o infected tissue compared 10
uninfected animals. The cvelo-osyvegenase (COX)  miubior naproven
{10uM) increased the amplitude and shortened the ntervals of MCs in both
control and infected jepunum: an effect that was greater i infected tissue
compared to controls (P<0.05) In contrast, mn the colon. naproxen lowered
the amplitude and augmented the intervais of MCs This effect was also
higher m tissue of infected anumals compared to wunfected conirol
(P<0.01) Although the 3-HT. recepior antagonist,  Y-I5130 (Tub)
inhibited MCs amplitude i both control and mfected colon and jejunum,
Y-25130 had no effect on MCs mtervals.

in conciusion, the present results suggested that mfecnon
Sehisiosoma manson tead to alerations in both epumal and  colonic
motility. Prostanoids and 3-HT are mplicated 1n both normal matibty and
in altered function triggered by imfecuon.

LR

INTRODUCTION are thought to plav a mager role 1n
Post-inflammatory  changes  the aeticlogy of irritable bows
in intestinal sensory-motor function — symptons Currently,  there 18
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