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“Come up to meet you, tell you I'm sorry
You don't know how lovely you are
I had to find you, tell you I need you
Tell you | set you apart

Tell me your secrets and ask me your questions
Oh let's go back to the start
Running in circles, coming up tails
Heads on a silence apart

Nobody said it was easy, it's such a shame for us to part
Nobody said it was easy, no one ever said it would be this hard
Oh take me back to the start

I was just guessing at numbers and figures
Pulling your puzzles apart
Questions of science, science and progress
Do not speak as loud as my heart

Tell me you love me, come back and haunt me
Oh and I rush to the start
Running in circles, chasing our tails
Coming back as we are

Nobody said it was easy, Oh it's such a shame for us to part
Nobody said it was easy, no one ever said it would be so hard

I'm going back to the start”

The Scientist
A Rush of Blood to the Head, 2002
Coldplay
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ACh: acetilcolina

ATP: adenosina 5-trifosfat
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cAMP: adenosina monofosfat ciclic
cGMP: guanosina monofosfat ciclic
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CGRP: péptid relacionat amb el gen de la calcitonina
ChAT: tranferasa de I’acetilcolina

DSS: sulfat de dextra sodic

GFAP: proteina acidica fibrilar glial
HALF: elevada amplitud i baixa freqiiéncia
IBD: malaltia inflamatoria intestinal

ICC: cél-lules intersticials de Cajal

IFN: interferd

INOS: sintetasa de I’0xid nitric induible

IL: interleucina

I1JP: potencial post-unié de tipus inhibitori
LAHF: baixa amplitud i elevada freqiiéncia
L-NOARG: N-nitro-L-arginina

MHC: antigen del complex major d’histocompatibilitat

MPO: oscil-lacions cicliques del potencial de membrana que provoquen potencials d’accid

NANC: no adrenérgic no colinérgic

NKA: neurocinina A

NNOS: sintetasa de I’0xid nitric neuronal

NO: oxid nitric

PACAP: péptid activador de I’adenil ciclasa pituitaria
PGP: protein gene product

PI: post infeccid

PM: plexe mientéric



Abreviacions

PMN: polimorfonuclear

PSM: plexe submucos

RMP: potencial de repos de membrana
sGC: guanilat ciclasa soluble

SP: substancia P

SNC: sistema nervids central
SNE: sistema nervios enteric

TH: hidroxilasa de la tirosina
TNBS: acid trinitrobenzé sulfonic
TNF: factor de necrosis tumoral
TTX: tetrodotoxina

UC: colitis ulcerosa

VIP: peptid intestinal vasoactiu
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Introduccié (I) Anatomia, fisiologia i motilitat del colon

Introduccio (1) Anatomia, fisiologia i motilitat del colon

Funci6 i anatomia del colon

El colon participa en funcions importants de 1’aparell digestiu com son 1’absorcié d’aigua
i electrolits, la concentracié de la materia fecal i formacié de femtes, el seu emmagatzament
temporal abans de la defecacid i finalment propulsa aquest material cap al recte per tal de
pemetre la defecacid sota control voluntari.

El colon huma es pot dividir funcionalment en colon ascendent i transvers els quals
participen activament en I’absorcié d’aigua i electrolits, i el colon descendent i sigma que estan

sobretot implicats en I’emmagatzament de femtes i posterior defecacio (figura 1).

: o

Figura 1. Anatomia del colon huma. A la dreta, es pot observar la magnificacié d’un tall transversal

del colon en que es mostren les capes que el constitueixen.

Per tal d’estudiar la organitzacié i control de les contraccions coloniques, sovint
s’utilitzen models animals que ens permeten una aproximacié al funcionament del colon huma.
En la rata, I’intesti gros continua el procés de concentracid de femtes mitjancant la reabsorcio
d’aigua i electrolits dels continguts intestinals. El cec tant en els rosegadors com en altres
herbivors és més gros que en humans i permet als microorganismes digerir la cel-lulosa. El cec
continua amb el colon ascendent, transvers i descendent que desemboca al recte el qual es troba

localitzat al canal pelvic.
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La superficie externa del colon esta coberta per una capa de teixit connectiu que
s’anomena serosa (veure figura 1). Immediatament per sota de la serosa hi ha una capa de muscul
1lis que discorre en el sentit longitudinal del tub digestiu (muscul longitudinal). Per sota d’aquesta
capa, n’hi ha una altra de muscul llis que en aquest cas esta orientada en el sentit circular del tub
digestiu (muscul circular). Entre ambdues capes de muscul llis hi ha un plexe nervidés anomenat
plexe mienteric o plexe d’Auerbach (PM). Per sota del muscul circular hi ha la submucosa i al
costat més extern d’aquesta s’hi localitza un altre plexe nervids que s’anomena plexe submucos o
de Meissner (PSM). A la submucosa també hi trobem una altre capa de muscul llis, molt més
prima que les capes musculars anteriors, que s’anomena muscular de la mucosa. I finalment, per
sota la submucosa trobem la mucosa la qual esta en contacte directe amb la Ilum intestinal.

Per dur a terme les seves funcions, el colon realtiza uns moviments motors que depenen
de la sincronitzaci6 de I’activitat contractil de les dues capes musculars. El patr6 motor que
presenta el colon, és doncs la suma de 1’activitat contractil d’ambdues capes musculars, la qual
esta regulada principalment per 1’anomenat acoblament excitacid/contraccio. A més a més,
ambdods plexes nerviosos també participen en la regulacié de ’activitat contractil de les capes

musculars, aixi com en 1’activitat secretora de les glandules i1 I’absorcié des de 1’epiteli.

Principals patrons de contraccio

Cannon va descriure al 1902 (Cannon, 1902) que el patré6 motor més caracteristic del
colon ascendent i transvers del gat era 1’antiperistalsi. Va utilitzar aquest terme per descriure un
moviment en sentit oral que retorna el contingut luminal al cec o al mateix colon proximal donant
lloc aixi als moviments de barreja. La part més distal del colon transvers i el colon descendent, en
canvi, mostraven moviments peristaltics que propulsaven el contingut cap al recte. Aquestes
conclusions van ser reafirmades més tard per Elliot i Barclay-Smith els quals van estudiar tant el
colon del gat com el d’altres especies animals (Elliott TR and Barclay-Smith E., 1904); pero no
va ser fins més tard que es va descriure un tercer patrdé d’activitat caracteristic del colon que es
va anomenar moviment en massa i que consisteix en la contraccié simultania del muscul llis
d’una amplia area provocant el desplacament del contingut en sentit aboral (Hertz AF, 1907;

Holzknecht G., 1909).
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Actualment, es considera que els principals patrons motors del colon son: les
contraccions fasiques espontanies, les contraccions gegants migratories i el to. Les contraccions
fasiques espontanies es propaguen en distancies curtes, permeten la barreja dels continguts
colonics 1 I’absorcid d’aigua i electrolits (Malcolm and Camilleri, 2000). Les contraccions
gegants migratories provoquen una forta oclusié de la llum coldnica 1 es propagen en distancies
llargues. Aquestes tltimes contraccions constitueixen els anomenats moviments en massa que
precedeixen I’expulsio de les femtes (Kruis et al., 1985). El to tamb¢ regula la llum intestinal,
una disminucio6 en la mida de la llum intestinal millora 1’eficacia de les contraccions fasiques en
les funcions de barreja i propulsié (Gonzalez and Sarna, 2001). Aquests patrons motors estan

regulats tant per mecanismes miogeénics com neurogenics.

Control no neural de les contraccions coloniques

El potencial de membrana de les cel-lules musculars llises del tracte gastrointestinal
presenta unes oscil-lacions cicliques. Aquestes oscil-lacions del potencial de membrana de les
cel-lules musculars llises son basiques per a explicar la contractilitat del muscul. A nivell de
I’intesti prim les oscil-lacions del potencial de membrana s’anomenen ones lentes. Aquestes tenen
una freqiiencia de 8 a 12 cicles/minut en funcié del segment intestinal considerat (Jimenez et al.,
1996), i presenten potencials d’accid quan el potencial de membrana assoleix un determinat
llindar. L’acoblament excitacid/contraccid és el mecanisme pel qual el calci entra dins la cél-lula
muscular durant la fase de despolaritzacié de les oscil-lacions eléctriques, sempre i quan es
sobrepassi el llindar d’obertura dels canals de calci. L’entrada de calci es produeix principalment
a través dels canals de calci de tipus L. L’augment del calci intracel-lular desencadena la
formacio d’un complex entre el calci i una proteina reguladora, la calmodulina. Aquest complex
activa la cinasa de cadenes lleugeres de miosina la qual al seu torn fosforila la miosina a expenses
d’hidrolitzar una mol-lécula d’ATP (veure figura 2) . La hidrolisi d’una mol-lecula d’ATP
provoca un canvi de conformaci6 del cap de la miosina 1 el lliscament dels filaments d’actina
sobre els de miosina i per tant la contraccio; després, la concentracié de calci citosolic disminueix
1 el muscul es relaxa. Les ones lentes es defineixen també com a oscil-lacions del potencial de
membrana que persisteixen en presencia de blocadors de canals de calci de tipus L (Borderies et
al., 1997; Cayabyab et al., 1996). A més a més, I’alliberament de calci des del reticle

sarcoplasmatic cap al citosol també modula la contractilitat de les c¢l-lules musculars llises i de
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fet, la mateixa entrada de calci extracel-lular dins la cel-lula pot induir I’alliberament de calci des

de les reserves intracel-lulars cap al citosol.

CaM + CCLLM g, 04 CaM + CCLLM g, sy

Ca"™ eoessmmipe Ca™ I I Ca**/—- Cat

Ca* +CaM + CCLLM, ., €SP Ca™ +CaM + CCLLM, .,

I Interaccions . gesssssmm Miosina CLL-P Miosina CLL

actina-miosina

FM

\ b CONTRACCIO /

Figura 2. Mecanisme intracel-lular de contraccid del muscul llis. CaM = calmodulina, CCLLM

= cinasa de cadenes lleugeres de la miosina, FM = fosfatasa de la miosina

Es va creure durant molt temps que les ones lentes tenien un origen miogeénic perque els
blocadors neurals tampoc no eren capacos de blocar aquestes oscil-lacions del potencial de
membrana. Sembla ser pero, que I’origen d’aquestes oscil-lacions cicliques ve determinat per la
preseéncia d’un tipus de cel-lules no musculars i no neurals anomenades Cél-lules Intersticials de
Cajal (ICC). Les ICC van ser descrites per primer cop al 1893 per Santiago Ramon y Cajal (Cajal
SR, 1893), pero no va ser fins al 1982 que es va suggerir que aquestes cel-lules podien ser les
c¢-lules marcapassos que generen 1’input oscil-lant que indueix les oscil-lacions caracteristiques
de les cel-lules musculars (Thuneberg, 1982). La comunicacio entre les cel-lules marcapassos i les
musculars es dona probablement a través d’unions obertes (gap junctions) que estan formades per
proteines del grup de les connexines. Aquestes unions permeten 1’acoblament eléctric entre les
cel-lules musculars conferint-los les propietats sincitials tipiques de la musculatura llisa.

Si a l’intesti prim les ICC estan localitzades entre les capes circulars i longitudinals,
properes al PM, en el colon les ICC estan localitzades a dos nivells: a prop del PM 1 a prop del
PSM (Alberti et al., 2005). En el colon del gos, les ones lentes (5-6 cicles/min) depenen de la
presencia d’una xarxa d’ICC intacta al PSM (Liu et al., 1994; Smith et al., 1987b). A part de les

ones lentes, també es van registrar al colon de gos una série de despolaritzacions cicliques del
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potencial de membrana que provoquen potencials d’acci6 (myenteric potential oscillations
(MPO); 16-20 cicles/min) i depenen de la preséncia d’ICC al PM (Smith et al., 1987a). Aixi
doncs, al colon, els dos marcapassos estan treballant simultaniament i 1’activitat eléctrica final
representa la combinacid de les activitats d’ambdds marcapassos. En el colon huma, les ones
lentes també es generen a prop del PSM (3 cicles/min) 1 les MPO descrites préviament en colon
cani, tamb¢ han estat registrades a prop del PM (Rae et al., 1998).

En petits rosegadors, I’activitat marcapassos del colon també inclou despolaritzacions
cicliques i ones lentes. Al colon de rata, s’han descrit dos patrons d’activitat eléctrica i mecanica
clarament diferenciats (figura 3). Per un costat, s’han trobat unes contraccions de baixa amplitud i
elevada freqiiéncia (contraccions LAHF (low amplitude high frequency)) associades a les ones
lentes 1 a les ICC del PSM. I per un altre costat, s’han trobat unes contraccions d’elevada
amplitud i baixa freqiiéncia (contraccions HALF (high amplitude low frequency)) que s’associen
a les despolaritzacions cicliques del potencial de membrana i es creu que s’originen a partir de les

ICC associades al PM.
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Figura 3. (A) Registre intracel-lular simultani de ’activitat eléctrica i mecanica (contraccions HALF)
del muscul circular del colon de rata sense submucosa. (B) Activitat d’ones lentes del muscul circular
de rata amb la capa submucosa intacta. Adaptat de Evidence supporting the presence of two

pacemakers in the rat colon (Pluja et al., 2001).
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Control neural de les contraccions coloniques

Les xarxes neurals que controlen la funci6 digestiva estan localitzades a nivell del cervell,
de la medul-la espinal, dels ganglis prevertebrals simpatics i a nivell de la paret dels mateixos
organs efectors (veure figura 4).

Al colon, el sistema nervids entéric esta organitzat en dos plexes ganglionats. E1 PM se

situa entre el muscul longitudinal i circular, i el PSM es localitza a la submucosa.

Centres cerebrals superiors

Nivell 4

Sistema Parasimpatic Sistema Simpatic Nivell 3

Ganglis prevertebrals Nivell 2

Sistema nerviés enteric

Muscul / mucosa / vasos sanguinis

Nivell 1

Nivell efector

Figura 4. Diagrama representatiu del control neural de la funcié gastrointestinal. El nivell 1
és el sistema nervids enteric (ENS), el nivell 2 representa els ganglis prevertebrals
simpatics, el nivell 3 sén els circuits parasimpatics i simpatics que connecten el sistema
nervios central (nivell 4) amb I’intesti. Adaptada de Fundamentals of neurogastroenterology
(Wood et al., 1999).

El SNE esta constituit per tres categories funcionals de neurones identificades com a
neurones sensitives, interneurones i motoneurones (veure figura 5):

Les neurones sensitives tenen zones receptores especialitzades en detectar canvis de
temperatura, canvis quimics o estimuls mecanics. Les zones receptores d’aquestes neurones
transformen els estimuls rebuts en potencials d’accid que es transmeten a través de fibres
sensitives cap a a altres punts del sistema nervids. Estan constituides tant per neurones d’origen
extrinsic (aferents vagals 1 espinals) com per neurones primaries intrinsiques aferents (IPAN).

Les neurones sensitives expressen, entre d’altres, receptors per la substancia P (SP), el peéptid
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relacionat amb el gen de la calcitonia (CGRP) i el polipeptid intestinal vasoactiu (VIP) (Hansen,
2003).

Les interneurones estan connectades sinapticament a les xarxes nervioses que processen
la informaci6 sensitiva i regulen també les motoneurones. Formen circuits integradors perque
organitzen les respostes reflexes segons els inputs sensitius. Les interneurones ascendents son
majoritariament colineérgiques; en canvi, les interneurones descendents tenen un codi quimic
complex ja que s’hi han descrit diversos neurotransmissors entre els quals hi ha I’ACh, I’NO, el

VIP, la serotonina i la somatostatina (Furness, 2000).
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Figura 5. Representacié del circuit neural entéric. 1) neurona primaria intrinsica aferent
(IPAN) amb el soma al PM; 2) interneurona ascendent; 3) interneurona descendent; 4)
motoneurona muscular inhibitoria; 5) motoneurona muscular excitatoria; 6) IPAN amb el
soma al PSM. ML: muscul longitudinal; PM: plexe mienteric, MC: muscul circular; PSM:
plexe submucds; M: mucosa. Adaptada de The enteric nervous system and regulation of

intestinal motility (Kunze and Furness, 1999).

Les motoneurones constitueixen la via final de transmissid dels senyals que controlen
els sistemes efectors: la mucosa, els vasos sanguinis i la musculatura:
e Les neurones secretomotores i les vasomotores regulen les secrecions i el flux sanguini

respectivament. Les neurones secretomotores colinergiques alliberen ACh que actua
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directament sobre receptors muscarinics de 1’epiteli. En canvi, les neurones secretomotores no
colinérgiques participen en repostes reflexes locals i utilitzen majoritariament el VIP com a
neurotransmissor (Furness, 2000).

e Les motoneurones, que innerven els musculs longitudinal i circular 1 la muscular de la
mucosa de tot el tracte digestiu, poden ser tant excitatories com inhibitories i I’alliberament
de neurotransmissors provoca contraccid o bé relaxacid. Les neurones excitatories tenen
predominantment una transmissi6 colinérgica muscarinica i taquicinergica (SP i neurocinina
A).

Al I’'intesti 1 al colon, la neurotransmissio inhibitoria €s fonamental perqué 1’activacié de
les motoneurones inhibitories permet la hiperpolaritzacié 1 la relaxacidé musculars. Les
motoneurones inhibitories descarreguen continuament, de manera que [’estat d’activitat
d’aquestes neurones inhibitories determina el moment de la contracci6. Aquest mecanisme és
fonamental per la progressio del bolus. Aixi doncs, una vegada s’ha produit la distensié en un
punt determinat, s’activen les vies neurals que conflueixen en una motoneurona excitatoria en
sentit oral i en una motoneurona inhibitoria en sentit aboral. Aquesta és la base del peristaltisme
intestinal.

Mitjangant la utilitzacié de microeleéctrodes per a enregistrar el potencial de membrana i
I’aplicaci6 d’estimuls eléctrics es poden induir potencials d’accié en les neurones inhibitories i
mesurar els canvis de potencial en la cél-lula muscular. El resultat de I’estimulaciéo de les
motoneurones inhibitories és I’aparicio en els miocits del que s’anomena un potencial post-uniod
de tipus inhibitori (inhibitory junction potential (IJP)). L’estimul eléctric aplicat genera un
potencial d’accié en la neurona inhibitoria que produeix una entrada de calci en el terminal
sinaptic. L’entrada de calci provoca 1’alliberament d’un o diversos neurotransmissors inhibitoris
que donaran lloc a la hiperpolaritzaci6 i la relaxaci6 de la cel-lula muscular.

Diverses substancies com I’ATP, I’'NO, el VIP i el peptid activador de 1’adenil ciclasa
pituitaria (PACAP) entre d’altres, han estat considerades com a possibles neurotransmissors no
adrenergics no colinérgics en el tracte gastrointestinal (Burnstock et al., 1970; Mungan et al.,
1992). Mentre que al colon del gos, els IJPs es van descriure com a monofasics i mediats per NO
(Christinck et al., 1991), al colon huma 1 de ratoli, els IJPs presenten dues fases, una de rapida i
una altra de sostinguda, cosa que suggereix 1’alliberament de més d’un neurotransmissor (Keef et

al., 1993; Shuttleworth et al., 1997). En la rata els [JPs també tenen dues fases: una disminucio6
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rapida del potencial de membrana (component rapid) seguida d’una hiperpolaritzacid sostinguda
(component lent) (veure figura 6). La primera fase de I'lIP és deguda majoritariament a
I’alliberament d’ATP que actia sobre receptors purinergics acoblats a canals de potassi sensibles
a apamina; en canvi, la segona fase és deguda a I’alliberament d’NO, 1’accio del qual és

independent de 1’activacié dels canals anteriors (Pluja et al., 1999).
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Figura 6. Registre intracel-lular que mostra IJPs induits per estimulaci6 eléctrica de camp (5,
10, 12, 15, 17,20 1 25 V) de muscul circular de colon de rata en condicions no adrenérgiques
no colinergiques. (A) Efecte de L-NAME sobre la durada dels [JPs i (B) efecte de I’apamina
sobre 1’amplitut dels dels 1JPs. Adaptat de Neural modulation of cyclic electrical and
mechanical activity in the rat colonic circular muscle: putative role o ATP and NO (Pluja et
al., 1999).
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Introduccié (11) Malalties inflamatories intestinals humanes

Definici6 de les malalties inflamatories intestinals

Sota la denominaci6 de malaltia inflamatoria intestinal (inflammatory bowel disease
(IBD)) s’hi troben diverses entitats patologiques que cursen amb inflamacié del tub digestiu. Les
malalties més representatives d’aquest grup son la colitis ulcerosa (ulcerative colitis (UC)) i la
malaltia de Crohn (Crohn disease (CD)), ambdues d’etiologia desconeguda.

La UC ¢és un procés inflamatori que afecta al colon, i es caracteritza clinicament per la
presencia de diarrees hemorragiques, moc en les femtes, dolor abdominal i pérdua de pes. La
inflamacié colonica sol ser superficial (localitzada principalment a la mucosa) i sovint comenca
al recte des d’on s’exten cap a altres zones del colon (Sands, 2004). A nivell microscopic,
s’observa edema i1 congestio de la mucosa, infiltrat de cél-lules inflamatories (limfocits, cél-lules
plasmatiques 1 granuldcits), abscessos i distorsid6 de I’arquitectura de les criptes, 1 ulceres
(Seldenrijk et al., 1991). Si la inflamaci6 esta limitada al recte, aquest procés rep el nom de
proctitis. Si la inflamacié no s’exten més enlla del colon descendent, parlem de colitis esquerra.
Si la inflamaci6 s’exten proximalment des del recte fins com a minim la flexura hepatica, aquest
procés s’anomena pancolitis. I en ultim lloc, parlem d’ileitis inversa, quan la inflamacio del
colon s’exten fins a la part terminal de 1’ileum.

A diferéncia de la UC, la CD pot afectar qualsevol part del tracte digestiu, tot i que
freqiientment afecta la part final de I’ileum. Les persones que pateixen aquesta malaltia,
presenten dolor abdominal, diarrea 1 pérdua de pes. La inflamacié sol ser focal o segmental, 1
transmural. Les ulceres es poden observar macroscopicament, i a nivell microscopic, sovint s’ hi
observen agregats limfoides, infiltrat inflamatori de tipus cronic i granulomes epitelioides (Sands,
2004). Es parla d’ileitis terminal, quan la part afectada és la ultima part de I’ileum. Si les lesions
es localitzen a diferents segments de 1’intesti, el procés s’anomena enteritis segmental o regional.
A més a més, poden presentar ocasionalment obstruccio intestinal i fistules. I per ultim, es parla
de colitis granulomatosa, quan la CD afecta al colon.

Cal dir, que alguns pacients que presenten inflamacié colonica no poden ser classificats ni
en UC ni en CD. En aquests casos, es parla de colitis indeterminada per categoritzar aquest

procés (Wells et al., 1991). Ambdues malalties (UC i CD), a més a més, es caracteritzen per una
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alternanga entre periodes d’activitat, que s’anomenen brots, amb periodes de quiescéncia o

inactivitat anomenats de remissio.

Epidemiologia de les malaties inflamatories intestinals

La freqliencia de les malalties inflamatories intestinals s’ha incrementat de forma constant
en els ultims 40-50 anys, pero la incidéncia de la IBD és diferent segons les arees geografiques
que s’estudiin. Hi ha una elevada incideéncia al nord oest d’Europa i nord d’ América, mentre que
és poc freqiient a I’Asia i I’Africa. A les arees on se’n troba més, la incidéncia és de: 2-15 casos
cada 100000/any per la UC i 0.9-11.6 cada 100000/any per la CD. L’edat mitjana de presentacio
de la malatia és de 30 anys per la UC i de 20 per la CD. A més a més, les dones tenen un 20-30 %
més de risc que els homes de patir la CD. Pel que fa a la UC, sembla ser que els homes tenen més

tendencia a patir-la (Bing et al., 1998).

Etiologia de les malalties inflamatories intestinals

Malgrat que no es coneix 1’etiologia de la IBD, sembla ser que es tracta d’un fenomen
multifactorial. La patogenia de la malaltia ve donada per factors ambientals i immunologics sobre
individus genéticament predisposats. Tot i aix0, cal destacar que ni els factors ambientals ni els
factors genétics per ells mateixos son suficients per causar la malaltia, sind que 1’interaccio entre

ambdos €s necessaria per tal que la IBD es desenvolupi.

a) Factors ambientals

Alguns dels factors ambientals que poden afavorir I’aparici6 de la IBD son: el tabaquisme
(en la CD (Harries et al., 1982)), I’us de contraceptius orals, I’alimentacid, la transfusié de sang i
les infeccions perinatals (Bing et al., 1998; Fiocchi, 1998). Les bactéries poden induir canvis
patologics i simptomes que recorden els de la UC i CD, pero les infeccions bacterianes solen tenir
un curs autolimitant i 1’efectivitat dels tractaments amb antibiotics permeten diferenciar-les de la
IBD. Cal dir tamb¢, que actualment el possible paper dels agents microbians en la patogénia
d’aquesta malaltia se centra en la flora intestinal normal (Sartor, 1997a). Eventualment aquesta
flora indueix una resposta anormal en 1’hoste que comporta un procés patologic caracteritzat per

una inflamacié cronica del tracte gastrointestinal. Alguns parasits i virus també s’han proposat
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com a possibles agents causals de la IBD, perd no n’hi ha una evidéncia definitiva (Danese et al.,

2004).

b) Factors immunologics

Anomalies en la immunitat de la mucosa intestinal també poden explicar la clinica i la
histopatologia de la IBD. Hi ha diferents hipotesis que justifiquen aquest fet: ’'una proposa que la
IBD representa una resposta immunitaria anormal a estimuls normals en individus susceptibles
(Mombaerts et al., 1993), i I’altre proposa que alguns patogens especifics causen la IBD i que el
sistema immunitari només esta responent a aquests patogens.

També s’han descrit defectes en la barrera epitelial de la mucosa intestinal, com ara un
augment de la permeabilitat de la mucosa en CD, que comporten el pas d’antigens i mol-lecules
proinflamatories les quals podrien iniciar les respostes immunologiques i1 inflamatories (May et
al., 1993; Sartor, 1997b).

Una altra anomalia, proposada també com a causa de la IBD, és la relacionada amb la
regulacié de les citocines (Sartor, 1997b). Un desequilibri entre citocines proinflamatories i
citocines antiinflamatories, podria iniciar una resposta inflamatoria. El millor exemple ¢és el
desequilibri que hi ha entre la IL-1, una citocina proinflamatoria, i ’antagonista del receptor de la
IL-1 (arIL-1), una citocina que es fixa al mateix receptor perd que €s incapa¢ de desencadenar
inflamaci6. Tant en la CD com en la UC, ambdues citocines es troben augmentades a 1’intesti,
perd la antiinflamatoria arIL-1 mai es produeix en quantitats suficients per a neutralitzar
completament els nivells extremadament alts de IL-1; com a resultat d’aquest desequilibri es
produeix la inflamacid intestinal. Entre les citocines més estudiades també hi ha la IL-5,
I’activitat de la qual esta augmentada tant en la CD com en la UC, aixi com la IL-8 que només es
troba incrementada en la CD (Fiocchi, 1996). Es considera també que a més a més de les
citocines classiques hi ha molts altres mediadors implicats en la patogenia de la IBD com ara

factors de creixement, quimiocines i eicosanoides. (Podolsky and Fiocchi, 1999).

c¢) Factors gencétics

Els familiars de persones que pateixen la IBD tenen més risc de desenvolupar aquesta
mateixa malaltia i a més a més, s’ha suggerit que la predisposicio genética a patir la CD és més

alta que la de la UC (Satsangi et al., 1994; Tysk et al., 1988). Moltes investigacions s’estan
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centrant en I’estudi dels gens del complex antigénic leucocitari huma (Human Leukocyte Antigen
(HLA) complex), d’algunes citocines i d’altres immunomoduladors, com a possibles factors que
determinen la susceptibilitat individual per patir la IBD. El gen NOD2 (codifica per una proteina
que s’expressa en monocits i actlia com a receptor intracel-lular de components bacterians), que

esta situat al cromosoma 16, s’associa a una major susceptibilitat a la CD (Ogura et al., 2001).

Simptomatologia de les malalties inflamatories intestinals

Els simptomes més freqiients de la UC i la CD consisteixen en un increment en la
freqliencia de defecacio i una disminuci6 de la consisténcia de les femtes, aixi com preséncia de
dolor abdominal. Molts parametres hematics (com ara el recompte leucocitari, I’hemoglobina i
I’hematocrit, el recompte plaquetari, la velocitat de sedimentaci6 eritrocitaria, etc...) es poden
trobar lleugerament o molt alterats tant en la CD com la UC, aixi com en d’altres causes
d’inflamaci6é no relacionades amb la IBD (Sands, 2004). Les manifestacions mucocutanies
d’aquestes malalties normalment també coincideixen, tot i que la preséncia d’aftes a la boca és
més freqiient en la CD, aixi com també ho son la preséncia de masses abdominals especialment
en el quadrant dret inferior (que representa inflamacio ileocecal) o bé problemes perianals
(fisures anals o fistules perianals). La febre s’observa més sovint en la CD que no pas en la UC;
en aquesta ultima, la preséncia d’un brot de febre indicaria una inflamacié severa. Per altre costat,
la preséncia de tenesme i sang i moc a les femtes és molt més freqiient en UC que no pas en CD o

bé d’algun tipus d’infeccid colonica.

Alteracions de la motilitat

La diarrea és un simptoma que molt freqlientment pateixen els pacients amb IBD, pero la
fisiopatologia d’aquest simptoma és poc coneguda. S’ha suggerit que la diarrea que presenten
pacients amb UC pot ser deguda a una alteraci6 en I’absorcio colonica de sodi i clor (Hawker et
al., 1980) o bé a una secrecid excessiva de fluids 1 electrolits (Harris and Shields, 1970). Les
alteracions en la consisténcia i volum de les femtes poden ser al mateix temps degudes a
alteracions de ’activitat colonica motora. Kern et al (KERN, Jr. et al., 1951) va descriure la
relacio temporal entre ’alteracido de la motilitat rectosigmoidal i la preséncia d’inflamacié en
pacients amb UC i va suggerir que les alteracions en la motilitat gastrointestinal no son una causa

del la IBD, sin6 una conseqiiencia. Les alteracions en 1’activitat motora colonica també soén poc
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conegudes, 1 molts cops els resultats dels estudis de motilitat gastrointestinal son contradictoris.
Mentre alguns estudis mostren que durant la colitis activa es produeix un augment de 1’index de
motilitat del recte (Chaudhary and Truelove, 1961), d’altres mostren una motilitat rectal
disminuida (Connell, 1962). La forca de les contraccions coloniques en resposta a diferents
estimuls, acostuma a estar disminuida en la majoria de pacients amb UC (Chaudhary and
Truelove, 1961; Snape, Jr. et al., 1980; Snape, Jr. et al., 1991). Snape et al (Snape, Jr. et al.,
1991) va descriure una disminucid de la contraccié en off en resposta a la estimulacié eléctrica
de camp en el colon de pacients amb UC. Va suggerir que aquesta disminucié podia ser
secundaria a una alteracié en I’alliberacié de neurotransmissors o bé a un defecte intrinsec en la
contraccido del muscul llis. La disminucié de la contraccid en el teixit inflamat en resposta a
I’augment del potassi extracel-lular, li va permetre confirmar que la disminucio en la contractilitat
colonica podia ser deguda a un canvi en la cel-lula muscular a nivell postreceptor.

Per altra banda, s’ha observat que les alteracions motores i de transit observades en la UC
persisteixen en la fase de colitis quiescent (Rao et al., 1987). Aquest fet permet explicar per que
els pacients amb colitis quiescent presenten simptomes d’IBD amb una elevada prevalenga (Isgar
etal., 1983).

La motilitat gastrointestinal esta modulada per mecanismes de control miogénics, neurals
-aferents 1 eferents-, endocrins 1 per les ICC. Aixi mateix, cadascun d’aquests mecanismes pot
estar sotmes a modulacio per part del sistema immunitari (Collins, 1996). Per altra banda, la
inflamacié d’una part del tracte gastrointestinal produeix alteracions de la funcid6 motora a una
altra part del tracte gastrointestinal no inflamat. Aixi, pacients amb UC poden presentar
alteracions motores a 1’estoémac i a I’intesti prim (Manousos and Salem, 1965; Rao et al., 1987).
Aquest fet suggereix que la inflamacio pot induir canvis funcionals entérics en regions no
inflamades del tracte digestiu (Dvorak et al., 1979) o activar circuits neurals de fora I’intesti

(Lindgren et al., 1991).

a) Alteraci6 de la funci6 neural

L’alteracio de la percepcid sensorial intervé marcadament en la generacio dels simptomes
en la malaltia gastrointestinal. Per exemple, la sensibilitat a la distensio rectal esta augmentada en
la IBD (Rao et al., 1988). Aquest fet suggereix que les alteracions motores observades en la IBD

podrien resultar de 1’alteracié de I’input neural aferent el qual s’integra als circuits neurals
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intrinsecs 1 extrinsecs. L’alteracié de la percepcid sensorial podria estar provocada per un
desequilibri del sistema nervios autonom (Lindgren et al., 1991).

S’han observat tant alteracions estructurals com alteracions en el contingut de
neurotransmissors en els plexes entérics de pacients amb IBD (Belai et al., 1997; Dvorak et al.,
1980; Neunlist et al., 2003). Majoritariament, s’ha trobat una disminuci6 del VIP, troballa que
s’ha relacionat amb I’alteracié de la funcid neural inhibitoria en el muscul circular de pacients
amb CD al colon (Koch et al., 1987); la concentracié de SP, en canvi, es troba majoritariament
augmentada en la UC, fet que podria explicar I’increment en la percepcid sensorial observat en la
fase activa d’aquesta malaltia (Koch et al., 1987; Rao et al., 1988). Altres estudis, mostren
canvis en el nombre de ganglis, degeneracid axonal i infiltraci6 de cel-lules inflamatories als
plexes nerviosos. A més a més, els canvis estructurals dels nervis entérics durant la IBD no estan
restringits a les zones d’inflamaci6 activa, siné que també son presents en zones no inflamades
del tracte digestiu (Schneider et al., 2001).

Geboes et al van demostrar 1’expressio del complex major d’histocompatibilitat II (major
histocompatibility complex II (MHC 1II)) en les cél-lules enteroglials (EGC) del SNE, fet que li
va permetre suggerir que els canvis al SNE son immunomediats (Geboes et al., 1992). Les EGC
constitueixen una poblacidé extensa, perd poc estudiada a nivell del tracte gastrointestinal. La
xarxa d’EGC s’encarrega de les funcions trofiques i de proteccio de les neurones enteriques i esta
implicada en la integracié i la modulacié de 1’activitats neuronal. La immunoreactivitat a la
GFAP (proteina acidica fibrilar glial), marcador de les EGC, es troba significativament alterada
en la CD, mentre que la gliosi és més evident en la UC (Cornet et al., 2001). La disrupcio de la
xarxa de EGC podria provocar I’increment de la permeabilitat de la mucosa i la disfuncio
vascular que s’observa en la CD, la qual cosa afavoriria al mateix temps la inflamacié de la

mucosa (Bush et al., 1998; Cornet et al., 2001).

b)Alteracio6 de la funci6 muscular

El muscul de Iintesti prim de pacients amb CD presenta un augment en la contractilitat
(Vermillion et al., 1993), en canvi, el colon de pacients amb UC presenta una activitat contractil
disminuida (Snape, Jr. et al., 1991). La inflamaci6 altera les propietats trofiques del muscul llis
durant la IBD (Geboes et al., 2001), afavorint especificament la formacié d’estenosis. El muscul

circular de pacients amb UC presenta una resposta contractil al betanecol similar a la observada
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en el teixit sa, mentre que la resposta contractil a ’increment del potassi extracel-lular esta
disminuida. Aquest fet suggereix que la disminuci6 de la contractilitat muscular no es localitza a
nivell de receptors muscarinics, sin6 a nivell postreceptor (Snape, Jr. et al., 1991). Per altra
banda, alguns estudis mostren que els canvis en la contractilitat observats durant la IBD sén
especifics de receptors NK,, la qual cosa resultaria de I’alteracid dels nivells de SP o altres

taquicinines que s’observa en aquestes malalties (Menzies et al., 2001).

c) Alteracions de les ICC

S’han trobat canvis ultraestructurals a les ICC de la submucosa del colon de pacients amb
UC. Les lesions observades consisteixen en acumuls de lisosomes secundaris, agrupacions de
gotes lipidiques, agrupacions anomales de granuls de glicogen, i preséncia de vacuols
citoplasmatics buits. Aquestes lesions suggereixen que aquestes cel-lules durant la inflamaci6
intestinal, pateixen alteracions metaboliques 1 cel-lulars que recorden a les observades en
processos d’apoptosi (Rumessen, 1996). Tot i aixo, fins ara no hi ha dades que permetin valorar

si I’apoptosi de les ICC és un fet generalitzat en la UC.

d) Alteracions de la funcidé endocrina

Donat que la IBD esta associada a alteracions de la motilitat, secrecid i sensibilitat
intestinal es possible que alteracions al sistema endocri contribueixin als simptomes que
s’observen en aquestes malalties. Tot 1 aix0, hi ha pocs estudis que analitzin les alteracions
endocrines relacionades amb la IBD. Alguns d’aquests, mostren que la fluctuacié circadiana dels
nivells plasmatics de gastrina i somatostatina esta lleugerament alterada en pacients amb UC
(Payer et al., 1993). També s’ha descrit que hi ha una disminucié del nombre de cel-lules
endocrines intestinals que contenen somatostina, fet que suggereix la participacio de la
somatostatina en la patogénia de la IBD (Watanabe et al., 1992). La funcié de la glandula
tiroides també es troba alterada en alguns pacients que pateixen IBD, fins i tot en abscéncia de
malaltia tiroidal detectable clinicament; 1’associacié de les malalties inflamatories intestinals amb
la gandula tiroides, aixi com la implicacio d’altres organs, confirma que es tracta d’una malaltia

sisttmica (Bianchi et al., 1995).
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Tractament de les malalties inflamatories intestinals

Ni la CD ni la UC tenen un tractament curatiu i molts pacients pateixen multiples brots
durant el curs de la seva malaltia. Tot i aixd, actualment es possible suprimir de manera efectiva
la inflamacié intestinal amb tractament farmacologic encara que es dificil optimitzar-lo ja que no
es coneix del tot la etiologia d’aquesta inflamacid. Els farmacs que s’utilitzen per tractar aquestes
malalties es poden agrupar en diverses categories com son: els corticosteroids, els
aminosalicilats, els agents immunomoduladors, els antibiotics, aixi com altres agents
farmacologics que encara s’estan investigant (Carty and Rampton, 2003; Robinson, 1997). Cal
tenir en compte pero, que la majoria de tractaments tenen efectes secundaris, algunes vegades
greus, 1 que tant metges com pacients han d’avaluar els beneficis i riscs potencials del tractament.
En alguns casos la resseccio de la zona afectada és una alternativa valida, tot i que en la CD no es
pot considerar curativa.

Tot 1 que els avengos immunologics, biotecnocologics 1 farmacologics permeten
desenvolupar noves terapies més especifiques (veure figura 7) encara no hi ha un tractament

efectiu per la supressio de la IBD.
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Figura 7. Fisiopatologia de la IBD i nous tractaments potencials per aquestes malalties intestinals.
Abreviatures: IL = interleucina, IFN = interfero, TNF = factor de necrosi tumoral, ROM = metabolits reactius
derivats de 1’oxigen, CD = Crohn’s disease, UC = colitis ulcerosa, SNE = sistema nervios entéric. Extreta de

Evaluation of new therapies for inflammatory bowel disease (Carty and Rampton, 2003).
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Introducci6 (111) Models animals d’inflamacié intestinal

Idoniament, un model animal de la malaltia inflamatoria intestinal hauria de compartir la
mateixa etiopatogénia que la IBD humana, tenir unes manifestacions cliniques i patologiques
similars, 1 un curs temporal comparable. A més a més, s’hauria de tractar d’un model
economicament accessible, hauria de permetre la manipulaci6 experimental (aixi com
I’alimentaci6, 1’estatus immunologic i exposicié a agents infecciosos), els animals haurien de
tenir una base genética molt definida i poder ser tractats amb agents terapéutics que puguin tenir
una aplicacié humana (Strober, 1985).

Aixi doncs, definir un model animal ideal d’aquesta malaltia és complicat ja que encara
no se’n coneixen en profunditat els aspectes etiologics i fisiopatologics, 1 la majoria de models
que s’estan investigant no s6on models ideals especifics d’IBD, sin6 models d’inflamacio
gastrointestinal. Tanmateix, els models d’inflamaci6 gastrointestinal fan possible el coneixement
de la inflamaci6 gastrointestinal en diferents condicions i permeten resoldre qiiestions sobre la

malaltia humana.

Tipus de models animals d’inflamaci¢ intestinal

Els models animals d’inflamaci6 intestinal es poden dividir en quatre grans categories
(Hibi et al., 2002; Jurjus et al., 2004; Strober, 1985): models d’inflamaci6 intestinal espontania,
models de colitis induides en hostes sans, models de transferéncia adoptiva en hostes

immunocompromesos i models obtinguts per manipulacio genetica (veure taula 1):

a) Models espontanis d’inflamacid intestinal

En aquesta categoria, hi ha models en els quals els animals desenvolupen la malaltia de
forma natural sense la intervenci6 de factors exogens. Un representant n’és la colitis espontania
en ratolins C3H/HeJBir que desenvolupen, entre la tercera i quarta setmana de vida, una colitis
localitzada sobretot al colon dret, i caracteritzada tant per ulceres com abcsessos de les criptes a
nivell histologic, aixi com per un augment de I’'I[FNy i la IL-2 a nivell immunologic (Cong et al.,
1998). Per un altre costat, els ratolins SAMP1/Yit desenvolupen de forma espontania una ileitis
cronica a les 30 setmanes de vida, que es caracteritza per una afectacido de totes les capes i
preséncia d’abscessos a les criptes (Matsumoto et al., 1998). Un altre model representant

d’aquesta categoria és la colitis espontania del titi de cap blanc (Saguinus oedipus) (Madara et al.,

-18-



Introduccié (IIT) Models animals d’inflamaci6 intestinal

1985). El titi de cap blanc és un primat que desenvolupa de forma espontania una inflamaci6 de

la mucosa colonica que recorda molt a la colitis ulcerosa dels humans.

b) Models d’inflamaci6 intestinal induits en hostes sans

Aquesta categoria inclou tots aquells models en els quals s’indueix la inflamacio intestinal
experimentalment mitjancant 1’exposicid a substancies toxiques, agents farmacologics, agents
productors de la malaltia o bé per la manipulaci6 d’altres processos fisiologics normals.

Entre d’altres, es poden destacar els segiients models: la colitis induida per acid
trinitrobenze sulfonic (TNBS), en el qual la inflamacié aguda s’associa a 1’increment en la
permeabilitat de la mucosa i que resulta en una necrosis epitelial i en un increment en 1’activitat
mieloperoxidasa. Els animals desenvolupen granulomes i presenten infiltrat inflamatori en totes
les capes del colon. Els macrofags produeixen grans quantitats de IL-12, i els limfocits grans
quantitats de IFNy i IL-2 (Morris et al., 1989; Neurath et al., 1995). Les caracteristiques
d’aquest model fan que sigui considerat un bon model de malaltia de Crohn. La colitis induida
per acid acétic es caracteritza per una necrosis epitelial, i edema a lamina propria i submucosa
que pot afectar fins i tot a les capes musculars depenent de les concentracions i durada
d’exposicié a ’acid acétic. Es un model que comparteix semblances amb la fase aguda de la
malaltia inflamatoria intestinal humana pel que fa a tipus de medidadors inflamatoris alliberats
(Elson et al., 1995). La colitis induida per sulfat de dextra sodic (DSS) en 1’aigua de beguda de
rates i ratolins provoca hematoqueézia, perdua de pes, escurcament de I’intesti, ulceres a la
mucosa 1 infiltracié neutrofilica (Okayasu et al., 1990). La colitis induida per oxazolona es
caracteritza sobretot per la preséncia d’ulceres al colon distal. Les lesions histopatologiques que
presenten els animals recorden molt més a la colitis ulcerosa que a la malaltia de Crohn
(Boirivant et al., 1998). Un altre model representant d’aquesta categoria és la colitis induida per
péptidglica-polisacarid (PG-PS) que consisteix en una injeccid intramural de components de la
paret cel-lular bacteriana, al colon distal de rates gencticament susceptibles, i produeix una
enterocolitis (Sartor et al., 1988). Alguns parasits nematodes com ara la Trichinella spiralis,
també han estat extensament utilitzats per induir inflamacié de D’intesti prim (s’explica en

profunditat més endavant en aquest mateix apartat).
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Models espontanis d'inflamacié intestinal

Colitis espontania del titi de cap blanc (Saguinus oedipus)
Ratolins C3H/HeBir
Ratolins SAMP/Yit

Models d'inflamacié intestinal induits en hostes sans

Colitis induida per acid trinitrobenzé sulfonic
Colitis induida per acid aceétic

Colitis induida per iodoacetamida

Colitis induida per immuno complexes/ formalina
Colitis induida per radiacié

Enterocolitis induida per indometacina

Colitis induida per sulfat de dextra sodic

Colitis induida per oxazolona

Colitis induida per polimers de carragenats
Colitis induida per péptidglica-polisacarid
Enteritis induida per Trichinella spiralis

Colitis induida per transferencia de cel-lules T CD4+/CD45RB

Colitis induida per transferéncia de la proteina (hsp)60-especifica de cél-lules T CD8

Models obtinguts per manipulacié genética

knockout

Ratolins knockout d'IL-2

Ratolins knockout d'IL-10

Ratolins knockout de STAT3

Ratolins mutants del receptor de cél-lules T
Ratolins knockout per TNF-3' UTR

Ratolins transgénics IL-7
Ratolins transgénics STAT-4

Rates transgéniques HLA B27

Taula 1. Models animals d’inflamaci6 intestinal. Adaptada de Animal Models of intestinal inflammation:
new insights into de molecular pathogenesis and immunotherapy of inflammatory bowel disease (Wirtz and
Neurath, 2000).
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¢) Models de transferéncia adoptiva en hostes immunocompromesos

La inflamaci6 intestinal també es pot induir en models per transferéncia adoptiva en els
quals es transfereixen selectivament tipus cel-lulars especifics en hostes immunocompromesos.
La colitis induida per transferéncia de la proteina hsp60-especifica de limfocits T CD 8%, en
ratolins TCR™ o SCID, es caracteritza per una inflamacié que, a diferéncia d’altres models, no
depen de la preséncia de la flora bacteriana intestinal resident (Steinhoff et al., 1999). El model
per transferéncia de cel-lules T CD45RB, en receptors SCID, resulta en una colitis severa
manifestada clinicament per diarrea sense hematoquézia i perdua de pes dels animals (Morrissey

etal., 1993).

d) Models obtinguts per manipulacio genética

En aquesta categoria s’inclouen tan ratolins knockout com transgénics. Entre els models
Knockout se’n poden destacar els segiients: Els ratolins Knockout d’interleucina-2 que
desenvolupen una colitis cronica caracteritzada per abscessos de les criptes, deplecié de mucina,
engruiximent de la paret colonica i preséncia d’ulceres. A part, tenen esplenomegalia,
limfadenopatia i anémia hemolitica autoimmune (Sadlack et al., 1993). Els ratolins Knockout
d’interleucina-10 que pateixen una inflamaci6 localitzada majoritariament a duode, jeju i colon
ascendent i les lesions es caracteritzen sobretot per engruiximent de la paret intestinal i
degeneraci6 de I’epiteli (Kuhn et al., 1993). I finalment, els ratolins mutants del receptor de
cél-lules T (TCR) que presenten inflamacio localitzada al colon amb hiperplasia de I’epiteli; es
considera un model d’UC per la semblanca en la distribucio de les lesions (Mombaerts et al.,
1993).

Entre els models transgénics, se’n poden destacar: els ratolins transgéenics per la
interleucina-7 que presenten una sobreexpressio d’aquesta citocina i desenvolupen colitis entre la
primera i tercera setmana de vida. Pel tipus de lesions que presenten els animals, es considera un
model d’UC (Watanabe et al., 1997). Les rates transgeniques per HLA-B27 (una molécula
implicada en les espondiloartropatia humana) desenvolupen una inflamaciéo del tracte
gastrointestinal que afecta sobretot a I’estomac, ileum i colon. Aquest model s ha utilitzat molt en
I’estudi de I’efecte de les bacteries intestinals residents tant en la inflamacié aguda com cronica

del tracte gastrointestinal (Hammer et al., 1990).
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Tot 1 els diferents mecanismes d’induccid d’inflamacid intestinal, les cél-lules, citocines i
mediadors inflamatoris implicats en la fase inflamatoria no especifica de la colitis semblen
comuns a molts models (Elson et al., 1995). Les mateixes c¢l-lules i mediadors també estan
implicats en les lesions de la mucosa de pacients amb IBD i representen una via final comuna de
la inflamacié no especifica sense tenir en compte com es va iniciar el procés. Per tot aixo, els
models animals tant poden ser utilitzats per estudiar aquest component de la IBD com per provar

noves terapies a partir d’un millor coneixement dels mecanismes implicats en la malaltia.

La infeccid per Trichinella spiralis

Les infeccions per nematodes son utils per a ’estudi de les alteracions de la fisiologia
intestinal, que es produeixen com a conseqiiéncia de la inflamaci6 induida pel parasit aixi com
per la resposta immunitaria de I’hoste. El coneixement dels mecanismes que es troben darrere la
immunomodulacié de la funcié muscular intestinal permet 1’extrapolacio a la gastroenterologia
clinica, ja que les alteracions de motilitat intestinal humanes sovint es donen després d’infeccions
entériques o d’altres condicions inflamatories del tracte gastrointestinal. Les infeccions per
nematodes intestinals en rosegadors provoquen respostes que condueixen la majoria de vegades a
I’expulsid dels mateixos parasits, de manera que aquestes infeccions també son utils per analitzar
fins a quin punt els processos fisiologics son capagos d’expulsar els agents nocius de I’intesti;
per exemple, els canvis en la secrecié d’aigua i electrolits, i les alteracions del transit
gastrointestinal 1 de motilitat que s’observen durant la infecci6 primaria es poden interpretar com
a mecanismes d’evacuacio del parasit (Castro et al., 1976).

Un model extensament utilitzat per induir inflamaci6 intestinal és la infeccid per via oral
amb larves de Trichinella spiralis. El nematode T. spiralis és un patogen de diferents espécies
animals entre les quals també s’hi inclouen la rata i el ratoli que son hostes semi-permissius. La
infeccio a partir d’aquest nematode es produeix com a resultat de 1’administraci6 oral de larves
que es troben encapsulades en el muscul estriat d’animals infectats. Les larves penetren
preferentment a la mucosa i submucosa del jeju durant la fase intestinal de la infecci6 i causen
una resposta inflamatoria que va acompanyada de canvis en la motilitat de ’intesti prim
(Blennerhassett et al., 1992; Castro et al., 1976; Palmer et al., 1984; Tanovic et al., 2002). En
la mucosa intestinal, les larves es desenvolupen fins a transformar-se en la forma adulta. Els

adults copulen i la nova generaci6 de larves migra cap als musculs estriats on s’encapsulen. Aixi
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doncs, la fase muscular comenga amb I’entrada de les larves als musculs estriats 1 segueix amb la

seva posterior encapsulacio (veure figura 8).
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Figura 8. Cicle biologic del parastit nematode Trichinella spiralis. Extreta de

(Despommier et al., 2000).

-23-

Parasitic Diseases



Introduccié (IIT) Models animals d’inflamaci6 intestinal

Alteracions intestinals en animals infectats per via oral amb larves de Trichinella spiralis

La fase entérica de la infecci6 per T. spiralis produeix una reacci6 inflamatoria aguda de
la mucosa de I’intesti prim que va acompanyada d’alteracions en la motilitiat intestinal (Alizadeh
et al., 1987, Castro et al., 1976; Palmer et al., 1984; Tanovic et al., 2002). Molts estudis in
vitro mostren que 1’alteracio de la motilitat intestinal, observada durant aquesta infeccio, podria
resultar dels canvis que es produeixen a nivell de la cél-lula muscular llisa, de la funcié neural

entérica, aixi com, de les alteracions observades a nivell de les ICC:

a) Alteracions de la cél-lula muscular

La maxima tensio generada pel carbacol i la 5-hidroxitriptamina in Vitro es troba
significativament augmentada en rates infectades per T. spiralis (Vermillion and Collins, 1988) i
¢s independent dels canvis trofics de la cel-lula muscular llisa descrits en aquest model
(Blennerhassett et al., 1992). Alguns estudis suggereixen que 1’increment en la contractilitat del
muscul 1lis pot ser degut en part a les alteracions que s’observen en I’expressio de la bomba de
sodi del muscul longitudinal inflamat (Khan and Collins, 1993). Els canvis en la funcié muscular
podrien resultar de la produccié per part del parasit de substancies, com ara 1’acetilcolinesterasa,
que actuaria directament sobre el teixit de 1’animal infectat. Per altra banda, una segona hipotesi
seria que els canvis en la funcié muscular resultessin de la resposta inflamatoria de 1’hoste front
al parasit (Castro et al., 1976). El fet que les alteracions de la funcié del muscul intestinal no
requereixin la preseéncia del parasit a la llum de I’intesti 1 que aquestes alteracions puguin ser
atenuades amb corticoesteroids (Marzio et al., 1990) donen suport a aquesta segona idea. A més
a més, I’alteracié de la funcié muscular persisteix fins i tot després de 1’expulsié del parasit
(Barbara et al., 1997). La persisténcia de la disfuncido muscular que s’observa en aquest model
pot ser rellevant per 1’estudi de les alteracions de motilitat humanes, ja que sén una seqiiela

freqiient de les infeccions entériques.

b) Alteracions de la funcié neural entérica

La infeccio per T. spiralis en la rata va acompanyada d’una disminucié en 1’alliberament
de noradrenalina (Swain et al., 1991) i acetilcolina (Ach) (Collins et al., 1989) des del PM de

I’intesti prim i d’un augment dels nivells de SP (Swain et al., 1992). A més a més, en aquest
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model s’ha trobat un augment en 1’expressio de citocines proinflamatories com ara la IL-1 ila IL-
6, aixi com del TNF-a al PM, fet que suggereix que aquestes citocines podrien contribuir en els

canvis musculars i neurals observats (Khan and Collins, 1994).

c) Alteracions de les ICC

La inflamacié de la mucosa de I’intesti prim induida per T. spiralis produeix canvis
ultraestructurals importants a les ICC associades al PM. Tanmateix, s’ha demostrat que aquestes
alteracions son prou importants per produir canvis funcionals remarcables (Der et al., 2000). Els
estudis immunohistoquimics del receptor c-kit no evidencien les alteracions d’aquestes cel-lules
perque durant el procés inflamatori no hi ha pérdua d’ICCs i sembla ser que el receptor c-kit

manté el seu nivell d’expressio sota aquestes condicions (Wang et al., 2002).

Colitis induida per Trichinella spiralis

Aixi com la infeccio per T. spiralis és un model extensament utilitzat per estudiar la
inflamacié de I’intesti prim, cal dir que molt pocs investigadors han utilitzat aquest parasit per
estudiar els canvis que es produeixen en la fisiologia del colon durant aquesta infeccio.

Grossi et al (Grossi et al., 1993) van desenvolupar un protocol per induir colitis amb
aquest parasit, que consisteix basicament en I’administracié via intrarectal de les larves del
mateix. En aquest estudi, van comparar la resposta contractil del muscul longitudinal colonic
d’aquest model amb la d’altres models, com ara I’exposici6 a TNBS i van observar una
disminucid de la contractilitat en tots els casos. Aquest fet els va fer suggerir que els canvis que
es produeixen en condicions inflamatories son independents de la manera mitjangant la qual
s’indueix la colitis i que probablement estan mediats a nivell post receptor. Jacobson et al
(Jacobson et al., 1995) també van utilitzar aquest model en un estudi on van descriure una
disminucid en 1’alliberament de noradrenalina en resposta a diferents estimuls, tant en el model
de colitis induida per T. spiralis com en la colitis induida per exposicié6 a TNBS; a més a més,
també van observar que la alteracié de la funcid simpatica es donava tant en regions inflamades
com en regions no inflamades del tracte gastrointestinal.

Els dos treballs esmentats en el paragraf anterior, sén els dos unics estudis en que

s’utilitza i es descriu per primer cop el model de colitis induida per T. spiralis per analitzar en
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part la funci6 contractil del muscul llis i la funci6 simpatica durant la inflamacié colonica induida
per aquest parasit, i es compara amb d’altres models com ara la colitis per TNBS; model, que a
diferéncia de la colitis induida per T. spiralis, ha estat ben carecteritzat per altres investigadors i
¢s considerat un bon model de malaltia de Crohn sobretot per la semblanca en el tipus de lesions i
troballes histopatologiques que presenten els animals (Hoshino et al., 1992; Morris et al., 1989;

Morteau et al., 1993; Yamada et al., 1992).
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Objectius

Objectius

La malaltia inflamatoria intestinal és una patologia humana d’incidencia creixent en
paisos desenvolupats. Sota la denominacié de malaltia inflamatoria intestinal s’inclouen una serie
de patologies d’etiologia mal definida en les que trobem una marcada inflamacio6 de la mucosa i
en ocasions de les capes subjacents del tracte digestiu que es produeix com a consequéncia d’una
resposta immune sobredimensionada i que va acompanyada d’importants alteracions de la
motilitat gastrointestinal.

Un dels models experimentals més utilitzats per a provocar enteritis és I’administracio
oral de larves de T. spiralis i aquest model ha proporcionat molta informacio relativa als canvis
motors que tenen lloc durant la inflamacié. Per contra, tant les caracteristiques cliniques com el
curs temporal dels canvis funcionals associats a la colitis induida per I’administracié intrarectal
de T. spiralis en rata han estat fins ara molt pobrament descrits. Aixi doncs, I’objectiu d’aquest
treball ha estat estudiar fins a quin punt la colitis induida per T. spiralis en la rata comparteix
similituds amb la colitis ulcerosa i pot ser Gtil com a model d’aquesta malaltia humana.

Concretament, els objectius d’aquest estudi han estat:

(1) Monitoritzar el curs de la inflamacio, caracteritzar els simptomes clinics i trets
anatomopatologics que presenten les rates infectades per via intrarectal amb T. spiralis .

(2) Estudiar el patr6 motor que presenta el muscul circular del colon, aixi com analitzar
alguns aspectes de I’acoblament excitacié-contracci6 en aquestes condicions
inflamatories.

(3) Estudiar les alteracions dels principals neurotransmissors excitatoris i inhibitoris implicats

en la regulacio de la motilitat del colon de rates infectades amb aquest parasit.

Per tal de dur a terme aquests objectius les tecniques que s’han utilitzat han estat el bany
d’organs per a I’estudi de I’activitat mecanica i els microeléctrodes intracel-lulars per a I’estudi de
I’activitat eléctrica. A més a més, s’han utilitzat  técniques immunohistoquimiques i
d’immunofluorescéncia per al marcatge de neurotransmissors i enzims relacionats amb la seva

sintesi, aixi com per identificar alguns tipus cel-lulars.
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Capitol 1

Characterization of functional and morphological changes in a rat

model of colitis induced by Trichinella spiralis

1.1. Abstract

We intended to characterize the effect of inflammation on spontaneous colonic motility
pattern and the role of iNOS in its disruption in colitis. Colitis was induced by an intra-colonic
enema of T. spiralis larvae. Animals were studied 2-30 days post-infection (PI). Standard H&E
and iNOS staining were performed on colonic sections. Altered stool consistency was found from
day 1 to 21 PI; leukocytosis peaked on days 6-21 PI. Edema and cell infiltration were found in
mucosa and submucosa (day 2-14 PI). Contractility displayed a disorganized pattern with
decreased high amplitude low frequency (HALF) contractions. A progressive fading of
spontaneous activity was observed and was partly restored in strips devoid of submucosa. iNOS
immunoreactivity increased in epithelial and infiltrating cells (days 2-14 PI). In this model of
colonic inflammation, the decrease in spontaneous contractility, which might be caused by NO
generated from mucosal and submucosal iNOS, bears some traits with changes observed in

ulcerative colitis and might thus be useful to study the dismotility observed in this human disease.

1.2. Introduction

Ulcerative colitis (UC) is a chronic disease characterized by altered bowel habits where
diarrhea is a major symptom. Previous reports have indicated that colonic contractility in patients
with UC (Rao and Read, 1990; Reddy et al., 1991; Snape, Jr. et al., 1991) as well as in animal
models of colitis is decreased during inflammation (Cohen et al., 1986; Grossi et al., 1993; Lu et
al., 1997; Myers et al., 1997). The mechanisms underlying these disturbances are poorly
understood and may involve changes in the enteric nervous system, the smooth muscle layers or
the interstitial cells of Cajal networks as well as in the crosstalk among them and mediators
released from the mucosa.

Animal models of intestinal inflammation have provided the opportunity to investigate the
impact of inflammatory processes on several aspects of gut function since studies of human

disease have experimental limitations. Infection by the nematode parasite Trichinella spiralis in
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rodents has been used extensively to study the impact of inflammation on the small intestine and
it has been demonstrated that during the intestinal phase of T. spiralis infection, mucosal
inflammation is accompanied by a supression of neurotransmitter -acetylcholine and
norepinephrine- release by enteric nerves (Collins et al., 1989; Hurst and Collins, 1994). Some
putative mediators of functional alterations in enteric nerves have also been identified. For
instance, administration of exogenous IL-1p and TNFa to control tissue mimics the impairment
of neurotransmitter release from the myenteric plexus, and a synergistic effect of IL-6 and IL-13
has been described (Hurst and Collins, 1994; Main et al., 1993; Ruhl et al., 1994). Furthermore,
increased mRNA expression for these cytokines has been shown in the myenteric plexus of these
infected animals (Khan and Collins, 1994).

Various animal models have been used to evaluate the impact of inflammation on colonic
physiology (Elson et al., 1995), and altered muscular and neural function has been described
(Grossi et al., 1993; Jacobson et al., 1995; Lu et al., 1997; Mizuta et al., 2000). Besides, it has
been suggested that the decrease in colonic contractility is independent of the manner in which
colitis is induced (Grossi et al., 1993) . There are only a few reports describing the effects of T.
spiralis induced colitis (Grossi et al., 1993; Jacobson et al., 1995). Decreased contractile
responses to carbachol, substance P and KCl have been found (Grossi et al., 1993) together with
decreased release of noradrenaline from longitudinal muscle myenteric plexus in response to
KCl or electrical field stimulation (Jacobson et al., 1995). The T. spiralis-induced colitis model
may be useful since, it shares some features that are characteristic of UC, whereas other models
like trinitrobenzenesulfonic acid-induced colitis share more similarities with human Crohn’s
disease (Morris et al., 1989).

Thus, we intended to study to what extent T. spiralis-induced colitis shares similarities
with UC and may thus be useful as a model of such human disease. For this purpose we have
monitored the time course of inflammation as well as the clinical signs, iNOS expression and

changes in spontaneous motility.
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1.3. Material and methods
1.3.1. Animal model

Male Sprague-Dawley rats (325-350g) were purchased from Charles River (Lyon, France)
and were housed in a room with constant temperature (23°C) and light-dark cycles (12:12h).

Standard rodent food and tap water were provided ad libitum.

1.3.2. Induction of colitis

Colitis was induced by intra-colonic instillation of 5000 Trichinella spiralis larvae
suspended in 1 mL saline (0.9%). The larvae were obtained according to the method described by
Castro and Fairbairn (Castro and Fairbairn, 1969). Each rat was lightly anesthetized with
halothane, and a polyethylene canula (2 mm diameter) was inserted into the lumen of the colon 8
cm to the anus. Next, a flush volume of 1- mL saline (0.9%) was instilled and fecal matter was
removed by manual palpation. Finally, each rat received 1-mL of a suspension of T. spiralis
larvae. Control animals were treated identically except that, instead of T. spirals larvae, they
received 1-mL normal saline. Colon was excised 2, 6, 14 and 30 days post enema.

The body weight (g), food intake (g) and stool wet weight (g) were measured daily from
the intra-colonic enema until sacrifice. Stool appearance was graded using the following scoring
index: 0 for normal pellets; 1 for soft stools; 2 for pasty and semi formed stools with some
mucus; 3 for watery stools with presence of mucus and 4 for macroscopically bloody stools.
Leukocyte counts were made in blood samples collected by puncture of the safenous vein on days
2, 6, 14, 21 and 30 days post enema. The study was approved by the Ethical Committee of the

Universtitat Autonoma de Barcelona.

1.3.3.Tissue preparation

After an overnight (18h) fasting with ad libitum access to water the rats were killed by
decapitation and bled. The colon was then removed and placed in Krebs solution (in mM: glucose
10.10; NaCl 125.48; NaHCO; 21.9; KCI 4.61; NaH,PO4 1.14; CaCl, 2.50 and MgSO4 1.16),
bubbled with a mixture of 5% C0O,-95% O,. Samples of control and inflamed colons were
excised and immediately immersed in 4% formaldehid in phosphate-buffered saline, embedded in
paraffin, sectioned, and stained with haematoxylin and eosin (H&E) for subsequent blind

histological examination.
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1.3.4. Recordings of spontaneous mechanical activity

After macroscopic examination of the colon to score the degree of inflammation, a piece
of mid colon was pinned (mucosal side up) in a sylgard bottomed dissecting dish filled with
carbogenated Krebs solution. Circular muscle strips with intact mucosal layer and muscle strips
in which the mucosal and submucosal layers had been removed were cut (3mm x 10 mm) for
each rat and placed in individual 10-mL organ bath cups containing warm (37°C) carbogenated
Krebs solution. The upper end was attached to an isometric force transducer (Harvard UF-1,
Apparatus Inc., Holliston, Massachusetts, USA) connected to an amplifier and then to a
computer. Data were digitized (25 Hz) and simultaneously displayed and collected using Datawin
2 software (Panlab-Barcelona) coupled to an ISC-16 A/D card installed in a computer. A tension
of 1 g was applied and the tissue was allowed to equilibrate for 1h. After this period the strips
displayed spontaneous phasic activity which was recorded. The amplitude (mg), area under curve
(AUC; g x s) and frequency of contractions (contractions/min) were measured in time intervals of
10 minutes. The intervals analyzed were 0-10 min (interval a) and 20-30 min (interval b) of

spontaneous activity from the start of the recording.

1.3.5. Immunohistochemistry

Samples of control and inflamed colons were excised and immediately immersed in
phosphate-buffered 4% formaldehyde. Slides were deparaffinized, washed in tap water and then
micro waved in 10 mM citrate buffer (pH 6.0) for 15 min for antigen unmasking. Endogenous
peroxidase quenching was performed by incubation in 5% H,0O; solution for 30 min. Slides were
then incubated for 1 h at room temperature in a blocking solution of 20% goat serum. After
standard blocking of endogenous avidin/biotin binding sites (avidin/biotin blocking kit; Vector
laboratories), slides were incubated with a rabbit anti iNOS polyclonal antibody (1/100; Lab-
Vision) at 4° C overnight. The ABC kit (Vector laboratories) was used with biotinylated goat anti
rabbit IgG (1/200; Sta. Cruz) and was developed with a 3-3’-diaminobenzidine solution

according to the manufacturer’s instructions; haematoxylin was used as a counterstain.
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1.3.6. Data analysis and statistics

Data are expressed as mean + s.e. mean. Student’s t-test for paired data was used to
compare differences between full thickness strips and strips devoid of submucosal layer. T-test
for unpaired data was used to compare differences between groups of animals. Differences in
body weight, food intake, or stool weight between sham and colitic rats were compared by two-
way ANOVA for non repeated measures. A P value <0.05 was considered statistically

significant.

1.4. Results
1.4.1. Clinical observations

Intra-rectal administration of 5000 T. spiralis larvae caused overt changes in the
experimental animals. Infected rats (n = 8) lost body weight from day 2 post infection (PI) to day
4 (day 4: 353.4 £ 7.13 vs 398.29 + 7.4 g; P< 0.0001). After the fourth day PI, rats started to
recover gradually until day 11. Next, body weight decreased significantly again until the
fourteenth day PI (day 14: 364 £ 8.3 vs 429 £ 12.34 g; P< 0.0001). From day 14 PI, rats
progressively gained weight until day 30 PI, but the values attained were always below those

corresponding to sham rats (n = 8) (day 30: 417 £6.79 vs 472.75 £ 19.58 g; P<0.0001) (Figure
1).
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Food intake decreased significantly in infected animals, from day 1 to 3 PI (day 3: 13.88 £
4.21 vs 28.11 £ 0.77 g/day; P< 0.0001). Food intake was back to normal values from day 4 to 10
PI, and decreased again from day 11 to 15 PI (day 15: 17.22 + 4.41 vs 28.44 £+ 0.77 g/day; P<
0.0001). Thereafter, food intake was fully normalized (Figure 1).

Figure 2. (A) Time course of the
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N
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A
b
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Stool weight monitoring. Sham

(white) vs infected (black).

Stool weight (g)
2

3]
et

Days post enema

Stool consistency was altered from day 2 to 20 in infected animals (Stool scores: day 2 PI:
1 £0.18; day 6 PI: 1.62 £ 0.25; day 14 PI: 2.75 £ 0.16; day 20 PI: 1 + 0.54 ;) while sham animals
always presented normal pellets (stool score of 0; P<0.0001) after intra-colonic injection of 0.9%
saline. Stool wet weight was significantly increased in infected animals from day 1 to 20 PI
compared to sham rats (day 9: 18.5 £ 2.3 vs 5.75 + 0.28 g/day; P< 0.0001). The stool weight and

consistency returned to normal from day 21 (Figure 2).
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Blood leukocyte counts (Figure 3) started to increase from day 2 PI and were significantly
increased on days 6 PI (18040 £ 1436 vs 11830 + 751 cells/uL; P<0.01), 14 P1 (19080 £ 1578 vs
11320 £ 503 cells/ pL; P< 0.01) and 21 PI (15690 + 1368 vs 11060 £ 215 cells/ puL; P< 0.05)
compared to sham animals. Leukocyte counts on day 30 PI did not differ from controls.
Neutrophilia and eosinophilia were the main features of the observed leukocytosis. Neutrophils
were significantly increased on days 2 (4100 £ 952 vs 1011 + 143 cells/ uL; P< 0.05)), 6 (5209 +
1153 vs 1149 £ 113 cells/ pL; P<0.01) and 14 PI (4687 £ 884 vs 1336 £ 127 cells/ pL; P< 0.05).
Eosinophils were significantly increased on days 6 (358 £ 81 vs 58 * 34 cells/ uL; P< 0.05) and
14 PI (216 £ 47 vs 81 £ 29 cells/ uL; P< 0.05).
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1.4.2. Macroscopic lesions

Colon from infected rats showed mild macroscopic inflammation on days 2, 6 and 14 PI,
with petechiae, hipervascularity, increased mucus production and no major ulcers. Colon
obtained 30 days PI still presented slight focal petechiae. Colon was apparently enlarged on all

days PI. No macroscopic lesions were observed in sham animals.

1.4.3. Histology

Severe inflammatory lesions were observed in infected colonic tissue from day 2 to 14 PI.
At day 2 PI the main findings were: epithelial atrophy and sloughing, mucosal edema and
hyperplasia, presence of numerous T. spiralis larvae, submucosal edema and an acute
inflammatory infiltrate. Macrophages and polymorphonuclear cells (PMNs) were predominant in
the lamina propria, extending as far as the submucosal layer. Tissue corresponding to 6 days PI
presented signs of inflammation that consisted of epithelial sloughing, presence of larvae and
microulcerations and severe submucosal edema with an important inflammatory infiltrate
characterized by the presence of neutrophils, macrophages, lymphoplasmocitic cells and
eosinophils. At day 14 PI, signs of mucosal regeneration and a few T. spiralis larvae were
observed. The inflammatory infiltrate was still increased in the mucosal and submucosal layers.
Animals corresponding to 30 days PI presented encysted T. spiralis larvae in the diaphragm but
no obvious inflammatory lesions were observed in the colon. Sham rats never showed

inflammatory lesions (See figure 4).

1.4.4. Tissue weight

Full thickness strips of colon taken on day 2 PI presented a decreased wet weight
compared to controls (30.64 £ 5.78 vs 66.86 = 5.78 mg; P< 0.001; n = 7). In contrast, on day 14
PI the weight was significantly increased (96 = 0.9 vs 66.86 + 5.78 mg; P< 0.05) compared to

controls.

-46-



Dismotility in T. spiralis-induced colitis

Figure 4. H&E staining of
colonic tissue of (A)
healthy rat; T. spiralis
infected rat, 2 days PI (B),
note the distortion of the
mucosal architecture, the
presence of T. spiralis
larvae in the mucosa and
the submucosal edema.
Colitic tissue (6 days PI) ,
note the increased number
of inflammatory cells (C).
Colon 14 days PI. Note
that inflammation is still
evident (D). Colon 30
days PI. No evident
inflammatory signs are
found. Magnifications: x
100 (A) (B) (C) (E); x 40
(D). Arrows indicate T.

spiralis nematode.

1.4.5. Spontaneous smooth muscle contractions
Sham animals

Full thickness circular strips from control animals (n = 8) showed spontaneous cyclic
mechanical activity with two types of phasic contractions: high amplitude low frequency (HALF)
contractions and superimposed low amplitude and high frequency (LAHF) contractions. This
pattern was consistent (area under curve, amplitude and frequency) in both time intervals
analyzed — interval a (first 10 min) vs interval b (20-30 min) from the start of the recording.
Values of AUC, amplitude and frequency of HALF contractions (interval b) were 152.2 +26.2 g
x s, 1591 + 409 mg and 1.2 + 0.2 contractions/min (See figure 5). The AUC, amplitude and
frequency of LAHF contractions (interval b) were 33.67 £3.91 gx s, 78.12 + 7.86 mg and 9.04 +
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0.5 contractions/min (Figure 7). No significant differences were found in HALF or LAHF
contractions between both intervals analyzed. When the mucosal and submucosal layers were
removed, the AUC and amplitude values remained unchanged in strips from sham rats whereas
the frequency was significantly decreased compared to full thickness strips (0.72 £ 0.1
contractions/min; P< 0.01). Besides, LAHF contractions were absent in strips devoid of

submucosa.

Infected animals
The motor pattern displayed by strips taken from infected animals was disorganized and
had lost the distinctive traits of HALF and LAHF contractions and a progressive fading of

spontaneous activity.

Day 2 Pl

Intact strips from infected rats on day 2 PI presented a decreased contractility compared to
sham rats. Two out of 6 animals showed a pronounced decrease of spontaneous contractility and
did not display any contractions (HALF or LAHF) in both intervals analyzed. No significant
changes were observed when the submucosal layer was removed in these animals. Four out of 6
rats (Figure 5) presented (interval b) significant lower AUC and amplitude of HALF contractions
(11.5 £ 4.7 g x s, P<0.05; 215.1 = 114.2 mg, P<0.01; 0.37 £+ 0.18 contractions/min, n.s.) and
LAHF contractions (13.31 £ 3.47 g x s, P<0.05; 31.45 + 6.21 mg, P<0.01; 8.47 £+ 3.11
contractions/min, n.s.) (Figure 7) compared to sham rats. No LAHF contractions were recorded

when the submucosal layer was removed.
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Figure 5. (A) Recordings showing the spontaneous mechanical activity (HALF contractions) of
colonic circular muscle in full thickness strips (left panel) and strips devoid of the submucosal layer
(right panel) of sham rats (A.1) and colon from day 2 PI (A.2), day 6 PI (A.3), day 14 PI (A.4) and
day 30 PI (A.5). (B) Bar diagrams representing HALF contraction amplitude (interval b) of full
thickness strips (left panel) and strips devoid of mucosal and submucosal layers (right panel). ** P <

0.01; *** P <0.001
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Day 6 PI

Full thickness circular strips corresponding to infected animals on day 6 PI (n = 6)
presented significant lower AUC and amplitude of HALF contractions (interval b; 10.3 +3 gx's,
P<0.01; 167.1 + 36.3 mg, P<0.05; 0.67 + 0.21 contractions/min, n.s.) compared to controls
(Figure 5). LAHF contractions had increased amplitude (123.7 £ 14.42 g x s; P < 0.01) and
decreased frequency (5.7 £ 0.89 contractions/min; P < 0.05) compared to sham rats; No
significant differences were observed between AUC values (28.42 + 4.99 g x s; n.s.) (Figure 7).
In addition to this findings, a progressive fading of HALF contractions throughout time was
found in this tissue, so that, interval b had a significantly decreased amplitude compared to
interval a (37.74 £ 15.27 g x s, n.s.; 521.8 = 146.7 mg, P<0.05; 1.11 + 0.21 contractions/min,
n.s.). Strips devoid of submucosal layer displayed a consistent pattern in both intervals analyzed
and AUC and amplitude of HALF contractions (interval b) were increased compared to full
thickness strips (46.8 + 20.63 g x s, n.s; 1042 £+ 179.3 mg, P<0.01) (See figure 6). The frequency
was significantly decreased compared to intact strips (0.39 £ 0.04 contractions/min, P<0.05).
However, this increased contractility observed in strips from infected animals devoid of
submucosa, was still below normal values of AUC, amplitude and frequency compared to sham

rats (P<0.05). LAHF contractions were always absent in strips devoid of submucosal layer.

14 days Pl

Circular muscle with the submucosal and mucosal layers kept intact (n = 6) showed
decreased HALF contractions (interval b; 24.48 + 16.58 g x s, n.s.; 389.9 = 116.4 mg, P<0.01;
0.62 £ 0.14 contractions/min, n.s.) (Figure 5). No significant differences were observed vs control
animals in LAHF contraction values (31.37 £4.32 g x s, n.s.; 81.25 £ 12.39 mg, n.s.; 8.39 £ 1.13
contractions/min, n.s.) (Figure 7). AUC and amplitude of HALF contractions displayed by strips
devoid of mucosal and submucosal layers remarkably increased (106.2 £ 11.64 g x s, P<0.05;
2341 + 454 mg, P<0.05) compared to full thickness strips, reaching values similar to those
observed in sham animals (Figure 6); In such strips, HALF contraction frequency was decreased
(0.28 + 0.03 contractions/min, P<0.05) . No LAHF contractions were observed in strips devoid of

the submucosal and mucosal layers.
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30 days Pl

On day 30 PI (n = 6), intact circular strips displayed an organized motility pattern similar
to sham rats, so that, the progressive fading of the spontaneous activity was not observed at this
time point and no significant differences were observed between both intervals analyzed. The
AUC and amplitude of HALF contractions (interval b), were decreased compared to sham rats
(43.70 £7.59 g x s, n.s.; 759 £119.9 mg, P<0.01; 0.62 £ 0.08 contractions/min, n.s.) (Figure 5).
LAHF contractions had similar amplitude (80.67 = 15.47 mg, n.s.) and frequency (9.79 + 1.16
contractions/min, n.s.) values compared to sham animals while AUC was decreased (20.03 + 4.3
g x s, P<0.05) (Figure 6). No LAHF contractions were observed when the mucosal and
submucosal layers were removed and no significant changes in HALF contractions AUC,
amplitude and frequency were found compared to full thickness strips. HALF contractions in
strips devoid of submucosa still presented significantly lower amplitude compared to controls
(755.2 + 218.8 mg, P<0.001). LAHF contractions were not recorded in strips devoid of the

submucosal layer.
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Figure 7. (A) Mechanical recording showing spontaneous colonic LAHF contractions from full thickness
strips of non infected animals (A.1) and infected rats on days 2 PI (A.2), 6 PI (A.3), 14 PI (A.4) and 30 PI
(A.5). Arrows indicate magnifyed LAHF contractions in the right panel (B) Bar diagram representing
LAHF contraction amplitude (interval b) of full thickness strips. LAHF contractions always disappeared

when the submucosal layer was removed. * P<(.05; ** P<0.01.
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1.4.6. Immunohistochemistry

In healthy rat colon, there was a weak iNOS immunoreactivity localized in epithelial cells
and in scarce cells in the mucosal lamina propria and submucosa. Some myenteric ganglia
presented light diffuse staining as well. Figure 8 illustrates iNOS immunoreactivity in normal
(Fig. 8B) and inflamed colon on days 2 (Fig. 8C), 6 (fig. 8D), 14 (Fig. 8E) and 30 PI (Fig. 8F).
Two days after T. spiralis infection, inflammation was accompanied by a dramatic increase in
iNOS immunoreactivity in mucosal epithelial cells and in infiltrating inflammatory macrophages
and neutrophils in the submucosa. Six days after the induction of colitis, the number of iINOS
immunoreactive cells was increased in the submucosa compared to that observed 2 days after the
induction of colitis. A reduction of iNOS immunoreactive epithelial cells was observed in the
colon examined 14 days after the induction of colitis compared to 2 and 6 days PI. However,
iINOS immunoreactivity in the infiltrating cells was still present in the submucosa of the inflamed
tissue. Colon taken 30 days PI showed similar iNOS immunoreactivity than colon from sham

rats.
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Figure 8. Immunoreactivity to iNOS in the rat colon. (A) Negative control (section without primary
antibody). (B) Occasional weak iNOS immunoreactivity was observed in epithelial cells and in scarce
cells in the mucosal lamina propria and submucosa in sham rats. (C) Two days after the induction of
colitis, a dramatic increase of iNOS immunoreactivity was found in the epithelium as well as in the
lamina propria. (D) 6 days PI, the number of iNOS immunoreactive cells was increased in the
submucosa. (E) Tissue from 14 days PI presented a reduction of iNOS immunoreactive epithelial
cells; iNOS immunoreactivity in the infiltrating cells remained in the submucosa. (F) Colon taken on
day 30 PI showed similar iNOS immunoreactivity to sham rats. (G) Higher magnification of some
iNOS immunoreactive cells in the submucosa of 6 days PI rats (CM: circular muscle; SM: submucosal

layer; M: mucosal layer). Magnifications: x100 (A-F); x 400 (G).
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1.5. Discussion

In the present study, we used intra-rectal administration of Trichinella spiralis larvae to
induce colonic inflammation and assessed the changes 2, 6, 14 and 30 days PI. Oral T. spiralis
infection is commonly used as a model to investigate changes related to small intestinal
inflammation. In contrast, few reports study the inflammatory response of colonic tissue in front
to this nematode (Grossi et al., 1993; Jacobson et al., 1995). T. spiralis-induced colitis in rats
has some clinical and pathological features reminiscent of those seen in human ulcerative colitis
(UC) as infected animals undergo episodes of weight loss, decreased stool consistency with
increased stool weight; inflammatory infiltrate mainly restricted in the mucosal and submucosal
layers, decreased colonic motility and increased iNOS expression in the epithelium and the
infiltrating cells (Reddy et al., 1991; Sands, 2004; Seldenrijk et al., 1991; Snape, Jr. et al.,
1991). The changes found in other extensively used animal models like trinitrobenzenesulfonic
acid-induced colitis appear to bear similarities to Crohn's disease rather than to ulcerative colitis
as shown by the histopathological features -i.e. ulcers affect not only the mucosa and submucosa
but also the muscular layers- (Morris et al., 1989).

Infected rats presented two episodes of food intake and body weight decrease occurring
between 1st-4th and 11-15th days PI. Infected animals began to regain body weight from day 15
PI but they never attained the values exhibited by sham rats. These findings seem to correspond
to the life cycle of the nematode. The first episode could represent the entry of the parasite into
the mucosal layer; the second one could be due to the migration of the larvae from the mucosa to
the circulatory system and striated muscle. The fact that only a few parasites were found in the
mucosa on day 14 PI whereas a large number were found in the striated muscle from day 30 PI
seems to support this idea. Reduced food intake rather than diarrhea appears to be the primary
cause for body weight loss in small intestinal inflammation induced by oral administration of T.
spiralis larvae (Castro et al., 1979) and it has been suggested that it is directly linked to intestinal
inflammation (Faro et al., 2000).

Blood leukocyte counts were increased on days 6, 14 and 21 PI and neutrophilia and
eosinophilia were the main features of the observed leukocytosis. This finding together with the
decreased food intake shows that experimental colitis induced by T. spiralis is associated with a

compromised immune status.
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Colitic rats presented soft and semi formed stools and increased stool weight compared to
controls from day 2 to 20 PI. Studies in patients with UC are in agreement with these findings, as
stool weight was increased during the active phase of colitis. This could be related to exudation
from the inflamed epithelium, increased secretion of mucus and reduced fluid and electrolyte
absorption, since no apparent acceleration in whole-gut transit was observed (Rao and Read,
1990; Snape, Jr. et al., 1991).

Inflammatory cell infiltration was mainly restricted to mucosal and submucosal layers and
epithelial sloughing and microulcerations were found throughout the colon. Colonic tissue from
14 days PI showed a chronic inflammatory infiltrate (mostly macrophages) compared to tissue
from 2 and 6 days PI where the neutrophilic infiltrate was predominant. The microscopic pattern
observed in this model shares similar features to UC regarding inflammatory reaction (cell type
involved) and mucosal structure (shallow ulcers) (Seldenrijk et al., 1991). No abnormal findings
were observed in tissue from 30 days PI rats.

Wet weight of full thickness colonic strips was decreased on day 2 PI compared to strips
obtained from sham rats. This could probably be due to the disruption of the mucosa observed on
the first days post infection. In contrast, strips taken on 14 days PI rats presented an increased wet
weight compared to controls, probably due to the submucosal edema and exudation from
epithelium, with no obvious changes in the thickness of muscle layers.

The present studies were restricted to the rat mid colon. Regional differences in aspects
such as nitrergic innervation have been found in the rat colon (Takahashi and Owyang, 1998).
We observed that spontaneous colonic phasic high amplitude low frequency (HALF) contractions
from full thickness strips of infected animals are decreased (AUC and amplitude) from day 2 to
30 PI compared to controls. Furthermore, this weaker activity faded progressively on days 6 and
14 PI. Inflammation had no significant effect on the frequency of spontaneous in vitro phasic
HALF contractions. Low amplitude high frequency (LAHF) contractions were altered on day 2
and 6 PI. The changes found consisted of a decreased AUC and amplitude on day 2 PI and
increased amplitude and decreased frequency on day 6 PI. Studies in patients with UC (Rao and
Read, 1990; Reddy et al., 1991; Snape, Jr. et al., 1991) as well as in other animal models of
colitis (Grossi et al., 1993; Lu etal., 1997; Myers et al., 1997) have described decreased colonic

contractility.
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Two electrical and mechanical activity patterns have been previously recorded in the rat
mid colon: HALF contractions associated to high amplitude membrane potential oscillations
(MPOs) and LAHF contractions associated to low amplitude oscillations (slow waves) (Pluja et
al., 2001). Two major populations of interstitial cells of Cajal (ICC) have been shown in the rat
colon: one associated with the Auerbach’s plexus (ICC-AP) and one with the submuscular plexus
(ICC-SMP). Whereas ICC-AP have been suggested to regulate HALF contractions and MPOs,
ICC-SMP may participate in LAHF contraction generation and slow wave regulation. Our
findings show alterations in both, HALF and LAHF contractions. It cannot be ruled out that
inflammation might induce changes in ICC function resulting in a modified pacemaker activity.
In fact, ultrastructural alterations of SMP-ICC have been described in the colon of patients with
UC (Rumessen, 1996) as well as in a canine colitis induced by ethanol and acetic acid (Lu et al.,
1997) and in the small intestine of T. spiralis infected mice ((Wang et al., 2002).

When the mucosal and submucosal layers were removed, HALF contractions significantly
increased and displayed a consistent pattern compared to full thickness strips of 6 and 14 days
infected animals. However, contractility was still lower than that observed in control rats. These
results may suggest that mucosal and submucosal layers play a chief role in the development of
smooth muscle dysfunction and that permanent structural changes in smooth muscle layers are
only partly responsible for the observed changes in motility (Liu et al., 2001; Xie et al., 1992).
LAHF contractions were never recorded in strips devoid of submucosal layer as SMP-ICC had
been removed with the dissection.

We observed weak iINOS immunoreactivity in epithelial and some infiltrating cells in
healthy colon. This finding may result from the continuous mucosal exposure to an abundance of
bacteria and has also been described by other investigators (McCafferty et al., 1999;
Miampamba and Sharkey, 1999; Roberts et al., 2001). Colonic inflammation induced by T.
spiralis infection is accompanied by a dramatic increase in iINOS immunoreactivity in the
epithelium and inflammatory cells from 2, 6 and 14 days PI rats. The morphology of infiltrating
cells suggests that they are most probably macrophages and neutrophils, which together with the
epithelial cells would be the major source of nitric oxide (NO) generation in this model. NO
might thus participate in the decreased contractility observed. An increased iNOS expression has
been found in colon from patients with active ulcerative colitis (Kimura et al., 1998; Singer et

al., 1996) as well as in animal models of colitis (McCafferty et al., 1999; Miampamba and
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Sharkey, 1999). In contrast to most reports, Bian et al (Bian et al., 2001) showed a down-
regulation of iNOS in the small intestine of T. spiralis infected mice (3 - 20 days PI). These
differences could be due to differing responses to T. spiralis infection between small intestine
and colon or to interspecies differences.

Our findings show that contractility on day 30 PI is still decreased eventhough nematodes
were completely absent from the mucosa. At this stage, iINOS immunoreactivity was similar to
sham rats, suggesting that it is the systemic inflammatory response, rather than the local irritation
provoked by the parasite, the main cause of the impaired smooth muscle contractility. Supporting
this, it has been shown that motility disturbances observed in rats infected by oral T. spiralis
larvae do not require the presence of the parasite in the intestinal lumen and are mediated by the
host’s inflammatory reaction (Marzio et al., 1990) and that changes in motility persist even in
non-inflamed areas (Tanovic et al., 2002).

Colonic mucosal inflammation induced by T. spiralis causes a marked decrease in the
spontaneous contractility of the underlying circular smooth muscle. NO generated by iNOS in the
colonic mucosa and submucosa might be one of the major, though not the only cause of the
observed motor dysfunction. In summary, our study shows that T. spiralis-induced colitis in rats
may be a useful model to study UC in view of the presence of some common features with this

disease.
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Time course of neural & contractile disturbances in a rat model of

colitis induced by Trichinella spiralis

2.1. Abstract

Colitis induced by Trichinella spiralis in rat induces alterations in the spontaneous motor
pattern displayed by circular colonic muscle (Auli and Fernandez, 2005). We examined the
temporal relationship between the severity of inflammation and the altered contractility of the
underlying circular muscle as well as the role of NANC inhibitory pathways in the disruption of
the motility pattern. Colitis was induced by intrarectal administration of T. spiralis larvae.
Responses to acetylcholine (ACh) and increased extracellular potassium as well as the effect of
tetrodotoxin (TTX, 1 uM), L-nitro-N-arginine (L-NOARG, 1 mM) and apamin (1 pM) were
determined in vitro in the organ bath with circular muscle strips from sham and infected rats at
days 2-30 postinfection (PI). Microelectrode recordings were performed to study the putative
changes in electrical activity of colonic smooth muscle cells. Responses to ACh and KCI were
decreased at all days PI compared to sham. Intracellular calcium depletion had a greater
inhibitory effect in inflamed tissue (6-14 PI). The effect of TTX, L-NOARG and apamin on the
spontaneous contractions was found to be altered in all infected rats, i.e. their effects were
transient and milder. Inflamed tissue showed lower resting membrane potential and a decreased
duration of inhibitory junction potentials induced by electrical stimulation. These data suggest
that the decreased contractility of colonic circular smooth muscle induced by the intrarectal T.
spiralis infection results from the impairment of the excitation-contraction coupling, from a
persistent hyperpolarization of smooth muscle cells and from impaired NANC inhibitory

neurotransmission.

2.2. Introduction

Patients with ulcerative colitis (UC) suffer severe motility disorders such as decreased
colonic motility and abnormal colonic transit pattern (Rao et al., 1987; Reddy et al., 1991). The
characteristic symptoms of these patients are diarrhoea and abdominal pain (Sands, 2004), which

may result from altered function of smooth muscle, enteric nerves or both.
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In vitro studies using colonic muscle strips obtained from patients with ulcerative colitis
and from animal models of colitis support the idea that colitis is accompanied by a decrease in the
contractility of smooth muscle from the inflamed area (Auli and Fernandez, 2005; Bossone et al.,
2001; Cohen et al., 1986; Depoortere et al., 1999; Grossi et al., 1993; Mourelle et al., 1996;
Myers et al., 1997; Rao and Read, 1990; Reddy et al., 1991). Decreased responses to excitatory
agonists, together with calcium influx impairment and down regulation of L-type calcium
channels have been reported and related to the suppression of contractility in the inflamed state
(Grossi et al.,, 1993; Myers et al., 1997). Moreover, alterations in neural function and altered
neurotransmitter release have also been described in different experimental models (Collins et al.,
1989; Eysselein et al., 1991; Jacobson et al., 1995; Miampamba and Sharkey, 1998; Mizuta et
al., 2000; Sanovic et al., 1999) and in colon from patients with UC (Tomita et al., 1998; Tomita
and Tanjoh, 1998).

Trichinella spiralis infection has been extensively used to induce inflammation of
duodenum and jejunum in rodents (Collins et al., 1989; Der et al., 2000; Galeazzi et al., 2000;
Khan and Collins, 1993) and hypertrophy of the muscle layers and hypermotility have been
constant features of these studies (Tanovic et al., 2002). Nevertheless, there is lack of data
indicating the effect of this parasite in the colonic physiology (Grossi et al., 1993). In a recent
study, we have characterized the model of colitis induced by intra rectal administration of T.
spiralis in rat (Auli and Fernandez, 2005). The main findings that we observed in these animals
and reminiscent of those seen in UC were: (1) presence of diarrhoea, (2) decreased spontaneous
motility, (3) inflammatory lesions mainly restricted to the mucosa and submucosa and (4)
increased iNOS immunoreactivity in the epithelium and inflammatory infiltrate within the lamina
propria and submucosa. Therefore, we have used this model to investigate the effect of colitis on
the neuromuscular function and NANC inhibitory neurotransmission in the rat colon. In fact, our
group had previously characterized the inhibitory neurotransmission of the rat colon and shown
that the electrically-induced inhibitory junction potential is mainly purinergic and nitrergic (Pluja

etal., 1999).
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Specifically, the aims of this study were to (1) determine in vitro the time-course of
mucosal inflammation induced by T. spiralis and its correlation with the altered contractility (2)
the effect of colitis on extracellular and intracellular calcium handling in the ACh-induced
contraction of circular muscle and (3) the effect of colonic inflammation on the NANC inhibitory

neurotransmission.

2.3. Material and methods
2.3.1. Animal model

Male Sprague-Dawley rats (325-350g) were purchased from Charles River (Lyon, France)
and were housed in a room with constant temperature (23°C) and light-dark cycles (12:12h).
Standard rodent food and tap water were provided ad libitum. All experimental procedures were

approved by the local Ethical Committee.

2.3.2. Induction of colitis

Colitis was induced by intra-colonic instillation of 5000 Trichinella spiralis larvae
suspended in 1 mL saline. The larvae were obtained according to the method described by Castro
and Fairbairn . Each rat was lightly anesthetized with halothane, and a polyethylene cannula (2
mm diameter) was inserted into the lumen of the colon 8 cm to the anus. Next, a flush volume of
1- mL saline (0.9%) was instilled and fecal matter was removed by manual palpation. Finally,
each rat received 1-mL of a suspension of T. spiralis larvae. Control animals were treated
identically except that, instead of T. spirals larvae, they received 1-mL normal saline. Animals

were studied 2, 6, 14 and 30 days PI.

2.3.3. Tissue preparation

After an overnight (18h) fasting with ad libitum access to water the rats were killed by
decapitation and bled. The colon was then removed and placed in Krebs solution of the following
composition (in mM): glucose 10.10; NaCl 115.48; NaHCO; 21.9; KCI 4.61; NaH,PO4 1.14;
CaCl, 2.50 and MgSO4 1.16, bubbled with a mixture of 5% CO,-95%0, (pH 7.4). Both studies of
inhibitory neurotransmission (organ bath and microelectrode) were carried out under
nonadrenergic noncholinergic conditions (atropine, propranolol and phentolamine, 1 uM). Organ

bath studies were performed in full thickness strips except for excitation-contraction coupling
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studies and for membrane potential recording which were performed with tissue devoid of

mucosal and submucosal layers.

2.3.4. Recordings of spontaneous mechanical activity

A piece of mid colon was pinned flat (mucosal side up) in a sylgard bottomed dissecting
dish filled with carbogenated Krebs solution. Circular muscle strips were cut (3 mm x 10 mm) for
each rat and placed in individual 10 mL organ bath containing warm (37°C) carbogenated Krebs
solution. The upper end was attached to an isometric force transducer (Harvard UF-1, Apparatus
Inc., Holliston, Massachusetts, USA) connected to an amplifier and then to a computer. Data
were digitized (25 Hz) and simultaneously displayed and collected using Datawin 2 software
(Panlab-Barcelona) coupled to an ISC-16 A/D card installed in a computer. A tension of 1 g was
applied and the tissue was allowed to equilibrate for 1 h. After this period the strips displayed
spontaneous phasic contractions that were recorded.

In order to avoid confusion respect nomenclature to define the type of contractions
observed, we have used terms that we had previously used to describe motility of the rat colon
(Auli and Fernandez, 2005; Pluja et al., 2001): full-thickness strips from rat mid colon display
low-frequency electrical rhythm which provokes muscular action potentials and high-amplitude
contractions (High Amplitude Low Frequency (HALF) contractions). HALF contractions are
superimposed with slow waves corresponding to the low-amplitude mechanical activity (Low
Amplitude High Frequency (LAHF) contractions) . It is worth to note that in the present study we
have only analysed HALF contractions. The amplitude (g), area under curve (AUC; g - s) and
frequency of contractions (contractions/min) were measured in time intervals of 10 min. The
interval analysed was the 20-30 min interval of spontaneous activity from the recording start and
the same time interval after drug addition (tetrodotoxin (TTX, 1 uM), N-nitro-L-arginine (L-
NOARG, ImM) or apamin (1 uM)).

Contractility. For the dose-response experiments, muscle strips from control and infected
animals were stimulated with ACh (0.01 uM to 100 pM) and KCI1 (5-40 mM).

Zero extracellular calcium experiments. In separate experiments, muscle strips from

control and infected rats (6 days PI) were stimulated with 100 uM ACh in normal calcium-
containing buffer and in buffer devoid of calcium and containing 1 mM ethylene glycol-bis(j-

aminoethyl ether)-N, N, N’, N’- tetraacetic acid (EGTA) (calcium-free buffer). Tissues were
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stimulated 30 s after exposure to calcium-free buffer solution. The magnitude of the contractile
response in calcium-free buffer was expressed as the percent decrease of the control response
recorded immediately before exposure to the calcium-free buffer.

Nifedipine experiments. Manipulation of extracellular calcium influx into the colonic

smooth muscle was also carried out by incubating the tissues for 5 min in normal buffer solution
containing the L-type calcium channel blocker nifedipine (1 uM) before ACh (100 puM)
stimulation. The contractile response in the presence of nifedipine was expressed as the percent
decrease of the control response recorded immediately before exposure to the calcium channel
blocker.

Intracellular calcium depletion experiments. Depletion of intracellular calcium stores was

performed using a previously described protocol (Myers et al., 1997). Briefly, muscle strips were
contracted for 20 min by adding 40 mM KCIl to normal calcium buffer solution followed by the
addition of 40 mM KCI calcium-free buffer solution. Muscle strips were stimulated repeatedly
with 100 uM ACh until no contractions were evident. This was followed by immediate exposure
of the muscle strips to normal buffer solution containing ACh 100 uM. The contractile response
achieved after stimulation of the calcium-depleted muscle was expressed as the percent of the

contraction obtained in presence of normal calcium buffer.

2.3.5. Microelectrode recordings

Muscle strips were placed (circular muscle side up) in a Sylgard-coated chamber and
continuously perfused with carbogenated Krebs solution at 37°C. Preparations were pinned for
intracellular recordings and allowed to equilibrate for 1 h before experiments started. Circular
muscle cells were impaled with glass microeletrodes (R= 40-60 MQ) filled with 3 M KCl. The
membrane potential was measured using a standard electrometer (Duo 773 WPI, FL, USA). Data
were displayed on a digital storage oscilloscope 4026 (Racal-Dana Ltd., England) and
simultaneously digitized (100 Hz) and collected using EGAA software coupled to an ISC-16 A/D
card (RC Electronics, CA, USA) installed in a computer.
Electrical field stimulation (EFS) was applied using two AgCl plates placed perpendicular to the
longitudinal axis of the preparation and 1.5 cm apart. Train stimulation had the following

parameters: total duration 100 ms, frequency 20 Hz, pulse duration 0.3 ms and increasing
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amplitude strengths (5, 10, 12, 17, 20 and 25 V). The amplitude and duration of inhibitory

junction potentials (IJPs) were measured under control conditions and after infusion of each drug.

2.3.6. Solution and drugs

The following drugs were used: nifedipine, N-nitro-L-arginine (L-NOARG),
phentolamine, ethylene glycol-bis(-aminoethyl ether)-N, N, N’, N’- tetraacetic acid (EGTA) and
acetylcholine chloride (ACh) (Sigma Chemicals, St. Louis, USA); tetrodotoxin (TTX), atropine
sulphate, propranolol, apamin (Research Biochemicals International, Natick, USA). Stock
solutions were made by dissolving drugs in distilled water except for nifedipine which was

dissolved in ethanol. The final concentration of ethanol in the organ bath did not exceed 0.1 %.

2.3.7. Data anlaysis and statistics

Data are expressed as mean + s.e. mean. Paired Student’s t-test was used to compare
mechanical activity in the absence and in the presence of drugs in the time intervals analysed.
Student’s t-test for unpaired data was used to compare the differences between groups of animals.
Differences between amplitude or duration of the IJPs before and after drug infusion were
compared by two-way ANOVA for repeated measures; 1JP’s differences between groups or
differences between dose-response curves in the organ bath were compared by two way ANOVA

for non repeated measures. A P value <0.05 was considered statistically significant.

2.4. Results
Organ bath studies
2.4.1. Inhibitory neurotransmission-effect of TTX on mechanical activity

In sham animals, tetrodotoxin (TTX 1uM) significantly (P<0.001; n = 6) increased the
AUC (71.49 £ 20.82 vs. 301.3 = 45.74 g - s), the amplitude (1.87 + 0.47 vs. 7.57 £ 1.70 g) and
the frequency of contractions (0.52 £ 0.05 vs. 0.88 + 0.06 contractions /min). This increased
motility persisted until the drug was washed out (see first panel in figure 1).

On day 2 PI (n = 6), tissue from 50 % of the infected animals was refractory to TTX. In 3
animals, TTX increased the AUC (16.78 £ 5.98 vs. 57.69 = 10.56 g - s; P<0.05) and the
amplitude (0.23 = 0.07 vs. 1.51 + 0.47 g; ns). However, the frequency remained unchanged (0.64

+0.22 vs. 0.61 + 0.17 contractions/min; ns).
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On day 6 PI (n = 4), TTX transiently increased spontaneous motility although activity
progressively faded throughout time. Consequently, no significant differences were found in the
time interval analysed upon TTX addition: AUC (46.27 £ 9.28 vs. 46.66 + 7.45 gs), amplitude
(0.83 £ 0.24 vs. 0.74 + 0.18 g) and frequency (0.65 + 0.05 vs. 0.59 £ 0.09 contractions/min) of
contractions.

Opposite to controls, TTX addition induced no significant changes on the spontaneous
motility of infected animals on day 14 PI (n = 6): AUC (33.41 + 13.31 vs. 35.67 £ 11.63 g - s),
amplitude (0.77 £ 0.17 vs. 1.08 £ 0.28 g) and frequency (0.52 + 0.11 vs. 0.55 + 0.09
contractions/min) of contractions.

On day 30 PI (n = 4), the response to TTX seemed to recover: the AUC (15.93 + 5.11 vs.
85.05 = 16.88 g - s; P<0.05), amplitude (0.68 + 0.22 vs. 1.43 £+ 0.38 g; P<0.05) and frequency
(0.33 £0.06 vs. 0.79 + 0.1 contractions/min; P<0.01) of contractions significantly increased after
TTX addition.
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Figure 1. Representative mechanical recordings and bar diagrams showing the effects of TTX (1 uM)
on the spontaneous contractions in sham rats and infected animals (day 2, 6, 14 and 30 PI). Note that
the intervals analysed were: 20-30 min of spontaneous contractions and 20-30 min after drug

addition.* P<0.05, **P<0.01, ***P<0.001
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2.4.2. Inhibitory neurotransmission-effect of inhibition of NO synthase

L-NOARG (1 mM) caused significant increases of AUC (95.36 + 16.94 vs. 577.4 + 163.3
g - s; P<0.05), amplitude (2.82 = 0.39 vs. 7.05 + 1.53 g; P<0.05) and frequency (0.61 £ 0.07 vs.
1.01 = 0.1; P<0.05) of contractions in sham animals (n = 7) (figure 2, upper panel).

On day 2 PI, tissue taken from 2 out of 6 rats was totally refractory to L-NOARG
addition. In contrast, tissue from 4 out of 6 animals responded to this drug though the increase in
activity observed was not significantly different from the activity observed in the preceding
control interval : AUC (14.69 + 6.44 vs. 59.51 + 28.21 g - s; ns), amplitude (0.23 £ 0.12 vs. 0.81 +
0.3 g; ns) and frequency (0.32 = 0.26 vs. 0.69 £ 0.17 contractions/min; ns) of contractions.

On day 6 PI (n =5), L-NOARG (1 mM) did not increase the AUC (22.11 + 8.65 vs. 52.27
+21.96 g - s; ns) and amplitude (0.98 £ 0.43 vs. 1.65 + 0.64 g; ns) of contractions. In contrast,
the frequency of contractions significantly increased (0.57 += 0.07 vs. 0.77 £ 0.07
contractions/min; P<0.01) after the addition of the drug.

L-NOARG significantly increased the AUC (45.04 £ 16.68 vs. 106.8 + 27.5 g - s; P<
0.01), the amplitude (1.03 £ 0.27 vs. 2.03 £ 0.55 g; P<0.05) and the frequency (0.45 £ 0.09 vs.
0.81 £ 0.08 contractions/min; P<0.05) of contractions in strips taken from animals on day14 PI (n
=17).

On day 30 PI, L-NOARG induced a significant increase of contractions: AUC (27.05 +
8.91 vs. 98.79 + 15.71 g - s; P<0.05), amplitude (0.81 + 0.47vs. 1.74 + 0.66 g; P<0.05) and
frequency (0.28 = 0.09 vs. 1.11 + 0.13 contractions/min; P<0.05).

2.4.3. Inhibitory neurotransmission-effect of apamin on mechanical activity

Apamin addition (1uM) to control tissue (n = 5) increased the AUC (78.79 + 13.6 vs.
172.30 + 15.34 g - s; P<0.05), the amplitude (1.95 = 0.50 vs. 4.05 + 0.89 g; P<0.05) and the
frequency (0.4 + 0.06 vs. 0.72 + 0.06 contractions/min; P<0.05) of contractions (see figure 3).

In contrast to sham animals, apamin did not significantly increase neither the AUC (17.23
+ 6.96 vs. 48.62 + 11.30 g x s; ns) nor the amplitude (0.50 = 0.09 vs. 1.02 + 0.35 g; ns) and the
frequency (0.39 £ 0.15 vs. 0.46 + 0.02 contractions/min; ns) of contractions in strips of day 2 PI
(n=4).
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Figure 2. Representative mechanical recordings and bar diagrams showing the effects of L-

NOARG (1 mM) on the spontaneous mechanical activity under NANC conditions in sham

rats and infected animals (day 2, 6, 14 and 30 PI). Note that the intervals analysed were: 20-

30 min of spontaneous activity and 20-30 min after drug addition. * P<0.05, **P<0.01
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On day 6 PI (n =5), apamin did not significantly increase neither the AUC (62.7 + 14.8
vs. 30.15 £ 11.57 g x s; ns) nor the amplitude (1.31 + 0.28 vs. 0.87 £ 0.10 mg; ns) and the
frequency (0.73 £ 0.07 vs. 0.68 + 0.11 contractions/min; ns) of contractions.

On day 14 PI (n = 8), the tissue displayed only a mild increase of spontaneous motility in
response to apamin addition: AUC (19.58 £ 9.05 vs. 30.22 + 7.01 g x s; ns), amplitude (0.74 +
0.13vs. 1.12 + 0.30 g; ns) and frequency (0.54 + 0.09 vs. 0.67 £ 0.1 contractions/min; P<0.05).

On day 30 PI (n = 4), the response to apamin was partly restored, though the spontaneous
activity both before and after apamin addition was still dramatically decreased: AUC (53.97 +
15.55 vs. 84.69 = 13.5 g x s; P<0.05), amplitude (0.74 = 0.28 vs. 1.23 £ 0.04 g; ns) and frequency
(0.46 £ 0.11 vs. 0.68 + 0.08 contractions/min; P<0.05).

2.4.4. Contractile activity

Figure 4 shows the ACh dose-response curves obtained from sham and infected rats 2, 6,
14 and 30 days PI. In all groups, stimulation with ACh caused sharp contractions and a dose-
dependent increase in force with the maximal response ** being achieved at 100 uM. Ach. The
contractile response to ACh 10 uM was significantly decreased at days 2 PI (0.41 + 0.19 g;
P<0.001), 6 PI (3.78 £ 0.29 g; P<0.001), 14 PI (1.35 + 0.56 g; P<0.01), and 30 PI (2.8 + 0.92 g;
P<0.05) compared to sham rats (6.3 = 0.7 g).

Figure 5 shows the KCI dose-response curves obtained from sham and infected rats 2, 6,
14 and 30 days PI. In all experimental groups, the increase in extracellular potassium caused
sustained contractions with the maximal contractile response developing when KCl concentration
was ** 30 mM KCI. The contractile response to 30 mM KCl was significantly decreased at days
2 PI(1.09 +0.50 g; P<0.001), 6 PI (2.23 £ 0.45 g; P<0.01), 14 PI (1.51 £ 0.41 g; P<0.05) and 30
PI(1.41 +£0.42 g; P<0.001) compared to controls (5.20 + 0.74 g).
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Figure 3. Mechanical recordings from the circular muscle layer and bar diagrams showing
the response to apamin (I pM) on the spontaneous mechanical activity in sham rats and
infected animals (days 2, 6, 14 and 30 PI). Note that the intervals analysed were: 20-30 min

of spontaneous activity and 20-30 min after drug addition. * P<0.05
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Figure 4. (A) Mechanical recordings showing ACh dose response of circular smooth
muscle from the mid colon of sham and infected rats. (B) ACh dose response curves of

each experimental animal group. * P<0.05

-75-



Capitol 2

A 40 mM
mi
6000 1 SHAM 30 ‘"M\lf
5000 1 20 mM
Eﬁ 4000 A
= 3000 4
L
=]
‘5 2000
1000 A
0 -
5 min
6000 4 6000
2Pl 6 PI
5000 4 5000
— 4000 A —
E E{: 4000 40 mM
£ 5000 £
> 3000 40 mM ;’ 3000 30mM
2 ) 30 mM 3 20 mM
S 2000 4 5 mM |(:£N 10\'1:"\1 : LE 2000 10 mM \l,
1) M 1000 M
01 0
5 min 5 min
6000 1 6000
14 P1 30 PI
5000 4 5000
5 4000 1 40 mM 2 4000 4
£ =) 40 mM
= 3000 - ~ 3000
§ P § 20mm 30 MM
g 2000 A S 2000 1 10mM \llf
1000 4 53\1 10mM 20 mM 1000 ‘l/
n J a A U ]
5 min > min
B 7000 1
—@— Sham
6000 —¥— 2Pl
—— 6Pl
—— 14PI
?.l] 5000 —&— 30 PI
=
= 4000
=
2
= 3000
£
<
2000 A
1000
0 4

[KC1] mM

Figure 5. (A) Mechanical recordings showing KCl1 dose response of circular smooth muscle
from the mid colon of sham and infected rats. (B) KCI dose response curves of each

experimental animal group. * P<0.05
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Contractile activity in calcium- free conditions

The contractile response to 100 pM ACh in calcium-free buffer was significantly lower
than that obtained in normal buffer. The decrease in this response was similar for both infected
(6 days PI) and healthy tissue (infected 98.34 + 0.71 %, n = 6 vs. sham 94.02 + 3.33 %, n = 6; ns)
Response to nifedipine 1 uM

Nifedipine (1 pM) decreased ACh-induced contractions (100 pM) of colonic smooth
muscle to a similar extent in both sham and infected rats (sham 97.06 = 0.94 %, n = 6 vs. infected
99.49 £ 0.25 %; ns).
Calcium depletion experiments

Depletion of intracellular calcium stores significantly decreased the contractile response
to ACh (100 uM) in both control and infected rats. However, the ACh-induced contraction after
calcium depletion was significantly decreased (P<0.01) on day 6 and 14 PI (13.07 + 4.88% and
4.19 + 2.95%; n =4 ) compared to sham (52.64 + 8.61%; n = 6). See figure 6.
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Figure 6. Effect of intracellular calcium depletion on 100 uM ACh-induced contraction of
circular smooth muscle from mid colon of sham and infected rats. Results are expressed as

percent ACh response obtained immediately before intracellular calcium depletion. ** P<0.01
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2.4.5. Electrophysiological studies

Circular muscle strips devoid of submucosa developed spontaneous electrical activity that
consisted of cyclic depolarizations (sham 14.76 + 2.27 mV; 25.4 + 0.54 s vs. infected (6 PI)
16.05 £ 0.65 mV; 16.07 £ 1.87 s; n = 4) which triggered several action potentials. No significant
differences in the amplitude and duration of myenteric potential oscillations (MPOs) were found
between control and infected animals (see figure 7). In the presence of nifedipine (1puM),
myenteric potential oscillations and spontaneous contractions were abolished and the resting
membrane potential (RMP) remained unaltered in all experimental groups. Thus, intracellular
recordings were systematically performed in the presence of nifedipine since the absence of
mechanical activity increased the duration of impalements. In strips taken on day 6 PI (n = 16),
the RMP was lower than that observed in sham animals (n = 8) (-56.5 = 2.42 vs. -45.88 + 2.04
mV; P<0.01).
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In both sham and infected rats, electrical field stimulation evoked a transient
hyperpolarization designated as “inhibitory junction potential” (IJP) which consisted typically of
two phases: a fast hyperpolarization followed by a slow one. These phases were characterized by
the amplitude and the duration of the transient hyperpolarization respectively. Both parameters
increased when increasing voltages were applied. The maximal response in sham animals (30.78
+ 0.89 mV in amplitude and 2.87 £ 0.19 s in duration) was reached for stimuli of 25 V. On day 6
PI, the maximal response was reached at the same voltage (28.93 + 1.78 mV and 2.55 + 0.16 s in
duration). Though there was no differences in the maximal amplitude and duration of the IJP in
infected vs. sham tissue, the overall process was modified as shown by the curve stimulation

voltage vs. IJP duration (P < 0.001; Two-way ANOVA, unpaired data; figure 8).
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Figure 8. (A) Intracellular recordings showing IJPs elicited by EFS increasing the voltage of
stimulation (5, 10, 12, 17, 20 and 25 V) under NANC conditions and in presence of
nifedipine (1 pM) in sham animals and infected rats (6 PI). (B) Amplitude (ns) and duration
(Two-way ANOVA,; P<0.001) of the 1JPs.
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TTX (1uM) decreased the amplitude (n = 5; P<0.001) and duration (P<0.001) of the 1JPs
in sham rats. In inflamed tissue, the amplitude was slightly decreased (n = 4; ns) whereas the
duration was shorter (P<0.0001, see figure 9A). Despite the inhibitory effect of TTX on EFS
induced hyperpolaritzations, IJPs duration in infected tissue remained shorter than that observed
in control strips (P<0.05).

L-NOARG (1 mM) decreased significantly the IJPs duration in both groups of animals
(sham n = 4, P<0.0001; infected n = 5, P<0.0001) whereas IJPs amplitude was not affected in
any group (figure 9B). However, duration was still shorter in inflamed tissue compared to control
(P<0.05).

In the presence of apamin (1 uM), the 1JPs amplitude was diminished in all groups (sham
n =4, P<0.0001; infected n = 4, P< 0.0001) with no change in IJPs duration in any group (figure
9C). Inflamed tissue was found to be less sensitive to apamin than tissue from sham rats

(P<0.05).
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Figure 9. Drug sensitivity of EFS induced IJPs in NANC conditions in presence of
nifedipine (1uM). (A) Effect of TTX (1 uM), (B) L-NOARG (1mM) and (C) apamin (1
uM) on the amplitude (left) and duration (right) of the 1JPs. Sham vs. infected rats (6
PI).
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2.5. Discussion

The purpose of our study was to determine the time-course of the dismotility caused by
inflammation and how the inflammation affects the calcium-handling properties of the smooth
muscle, specifically the involvement of intracellular calcium stores, and the inhibitory
neurotransmission. We used intra-rectal administration of T. spiralis larvae to induce colonic
inflammation and assessed the changes in neuromuscular function and NANC inhibitory
neurotransmission at days 2, 6, 14 and 30 post infection (PI). We have recently reported that
infected animals undergo episodes of weight loss, decreased stool consistency with increased
stool weight; epithelial sloughing and microulcerations together with inflammatory infiltrate
largely restricted to the mucosal and submucosal layers. This model is also characterized by a
decrease in colonic motility associated with increased expression of inducible nitric oxide
synthase (iNOS) in the epithelium, as well as in infiltrating cells within the lamina propria and
submucosa (Auli and Fernandez, 2005).

In this study, we intended to determine whether the previously described alteration in the
motility pattern (Auli and Fernandez, 2005) could involve as well changes in the NANC
inhibitory neurotransmission. The increase in AUC, amplitude and frequency of spontaneous
contractions caused by the presence of L-NOARG or TTX in control tissue was attenuated in
inflamed strips. The lack of effect of TTX or L-NOARG on spontaneous contractility has been
found throughout acute colonic inflammation and loss of neural NO release has been previously
reported (Bossone et al., 2001). Our data suggest that the decrease in contractility observed
during T. spiralis-induced colitis would not be due to an increase in neural NO release. On the
contrary, nitrergic transmission seems to be rather impaired since we have observed reduced 1JPs
duration. In fact, we previously found that infected animals at day 6 and 14 PI exhibit decreased
nNOS immunoreactive cells per ganglia in the myenteric plexus (Auli et al., 2004). Impaired
nitric oxide synthase activity has also been reported by other investigators and has been linked to
the reduced relaxation of smooth muscle in rat DSS-induced colitis (Mizuta et al., 2000).
Similarly, in TNBS-induced colitis, off contractions following an electrical stimulus were not
significantly enhanced by L-NOARG, indicating a reduction in nitrergic regulation (Zhao et al.,
2001).

It is worth to note that organ bath studies reported here were performed in full-thickness

strips since we previously described that the removal of the mucosal and submucosal layers from
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the colon of infected rats (6-14 PI) resulted in an increased amplitude of contractions and a more
consistent motility pattern. We related these changes to the marked increase of iNOS
immunoreactivity that we found predominantly in the colonic mucosa and submucosa of these
animals. However, the fact that L-NOARG did not significantly enhance the spontaneous motility
in strips from infected rats (2-6 PI), and that microelectrode studies were performed in strips
without mucosa and submucosa might suggest that NO from these layers is not the only factor
accounting for the decreased colonic motility and increased hyperpolarization observed.

Regarding apamin, a selective blocker of the small conductance calcium-activated
potassium channels, it enhanced the AUC, amplitude and frequency of colonic contractions in
control tissue, whereas during inflamation the sensitivity of spontaneous contractions to apamin
is lost from day 6 to 14 PI. This finding is similar to that our group previously reported in T.
spiralis infected jejunum and ileum (Tanovic et al., 2002), and suggests that functional changes
in calcium activated potassium channels contribute to some extent to the impaired relaxation
found or alternatively that the release of inhibitory transmitters which exert their effects through
such channels is impaired. The fact that ATP acts through activation of apamin-sensitive
potassium channels in the rat colon (Pluja et al., 1999) together with the decreased sensitivity to
apamin that we have observed in inflamed tissue may suggest an impairment of the purinergic
neurotransmission in this model. Altered purinergic neurotransmission has been reported before
during inflammation since the purinergic control of cholinergic nerve activity was found
significantly impaired during chronic intestinal inflammation in mice (De Man et al., 2003).

The suppression of contractility observed in inflamed tissue could be associated with the
hyperpolarization of the resting membrane potential (RMP) recorded at day 6 PI. In controls, the
RMP in circular muscle cells was — 45.9 + 2.04 mV whereas inflamed muscle cells RMP was —
56.5 = 2.42 mV. The precise mechanisms underlying generation of the RMP are not completely
understood. However, some studies suggest that alterations in the expression of the Na'-K " pump
(Khan and Collins, 1993) or damages to the interstitial cells of Cajal (Lu et al., 1997) may
contribute to the changes in the RMP.

Since [JPs have been shown to be unaltered in the presence of nifedipine, the
characterization of inhibitory junction potentials at different times post infection was always
made in presence of nifedipine in order to increase the duration of impalements.. It has been

reported that IJPs in rat colon are biphasic, with: a fast apamin-sensitive hyperpolarization, which
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appears to be mediated by ATP and a L-NOARG-sensitive slow hyperpolarization mediated by
the endogenous nitrergic transmitter (Pluja et al., 1999). 1JPs duration was significantly reduced
in inflamed tissue (6 days PI). Lu et al (Lu et al., 1997) also observed a decrease in the duration
of IJPs in response to EFS in canine acetic acid-induced colitis, and suggested that it might result
from a reduction in the neuronal release of NO. The reduction in IJPs duration suggests that the
inhibition in contractility observed in this model is unlikely to be due to an excessive nitrergic
inhibitory input from NANC neurons. NO synthesized by iNOS rather than neuronal NO appears
to be one of the causes which might contribute to the suppression of spontaneous motility that we
observed in this model since iNOS immunoreactivity strongly increased on days 6 and 14 PI
(Auli and Fernandez, 2005). As reported previously (Pluja et al., 1999), TTX decreased the
amplitude and duration in all experimental groups. However, in the presence of TTX, IJPs
duration still remained lower in inflamed tissue compared to control. Similar results were found
when L-NOARG was added. L-NOARG diminished [JPs duration in all experimental groups, but
its effects were slightly lower in inflamed tissue. Apamin decreased the amplitude in all animals
but [JPs amplitude from inflamed tissue was less sensitive to apamin than control. This finding
confirms the lost of sensitivity to apamin observed as well in organ bath studies and suggests
alterations in calcium activated potassium channels during the inflammatory state.

The decreased contractile response to ACh and KCl observed in tissues from infected rats
(2-30 PI) is in agreement with other studies which have used other models of colitis (Grossi et al.,
1993; Liu et al.,, 2001; Myers et al., 1997; Shi and Sarna, 2000). The main changes that may
account for such finding include alterations in the properties of G proteins (Rudolph et al., 1995),
changes in the expression or regulation of the contractile proteins (Xie et al., 1992) and/or
changes in the contribution of extracellular and intracellular calcium to the contractile event (Liu
etal., 2001; Myers et al., 1997; Shi and Sarna, 2000).

Incubation of tissues in calcium-free buffer had similar inhibitory effects on the response
to ACh in control and inflamed tissue. Since it is generally accepted that a contraction that
develops in the absence of extracellular calcium reflects the utilitzation of intracellular calcium
stores (Lategan and Brading, 1988; Myers et al., 1997; Paul et al., 1994), our data may suggest
that in colitis the contribution of intracellular calcium to the contraction remains intact. To further
test the contribution of intracellular calcium stores to the contractile event in colonic smooth

muscle, we stimulated tissues from control and infected rats with ACh after using a previously
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described protocol for intracellular calcium depletion (Myers et al., 1997). Depletion of
intracellular calcium stores significantly decreased the contractile response to ACh in both
control and infected rats; however, depletion of intracellular calcium had more pronounced
effects on the contractile response displayed by inflamed tissue, particularly at days 6 and 14 PI.
The contraction that develops after depletion of intracellular calcium indicates the contribution of
extracellular calcium influx to the contractile event (Renzetti et al., 1990). Thus the finding of
significantly decreased contractions in intracellular calcium-depleted tissue suggests that
extracellular calcium utilization might be impaired at this stage of the inflammatory process. In
fact, it has been reported that the expression level of L-type Ca®" channels is down-regulated in
circular smooth muscle cell membranes of inflamed canine colon (Liu et al., 2001), which may
result in a reduced Ca” influx and contribute to the abnormalities in motility observed during
intestinal inflammation.

The decreased utilization of extracellular calcium is not the only factor accounting for the
decreased contractility of inflamed colon. In our study, inflammation also impaired the
contractile response to KCIl. KCIl initiates smooth muscle contraction via membrane
depolarization and activation of calcium influx through voltage-sensitive channels on the
plasmalemma. Thus, steps in the excitation-contraction coupling might also be impaired. Xie et
al (Xie et al., 1992) have suggested that alterations in actin-myosin interaction beyond the initial
step of myosin light-chain phosphorylation might be responsible for the decreased contractile
response of colonic smooth muscle obtained from rabbits undergoing experimental colitis.

In summary, our study shows that the decrease in contractility of colonic circular smooth
muscle induced by the intra rectal enema of T. spiralis larvae might result from a persistent
hyperpolarization of smooth muscle cells and an impairment of the excitation-contraction

coupling. Moreover, NANC inhibitory neurotransmission appears to be impaired.
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Neurochemical changes and infiltrating immune cells in the enteric

nervous system in a rat model of ulcerative colitis

3.1. Abstract

Intrarectal administration of Trichinella spiralis larvae in rats causes colonic
inflammation with functional changes similar to those observed in ulcerative colitis. However,
enteric neurochemical changes and inflammatory cells involved in this model are unknown.

Our aim was to characterize the neurochemical changes that occur during T. spiralis
colitis and to study the presence of infiltrating MHC class 1l positive cells within the submucosal
(SMP) and myenteric plexus (MP). T. spiralis infected rats were studied at 6 and 14 days post
infection (Pl). Whole mounts preparations of the SMP and MP were used for
immunofluorescence studies.

No neuronal loss was evidenced as measured by protein gene product 9.5 positive cells
per ganglia. However, a decreased number of neuronal nitric oxide synthase (nNNOS) positive
cells per myenteric ganglia and decreased intensity of calcitonin-gene related peptide (CGRP)
immunoreactivity in the MP were found in both 6 and 14 day Pl animals. No changes in
substance P-, vasoactive intestinal peptide-, tyrosine hydroxylase-, choline acetyl transferase or
calbindin immunoreactivity were observed. A dramatic increase in ED1 immunopositive
macrophages was found in both the MP and SMP of infected tissues, whereas the number of ED2
immunoreactive macrophages increased only in the SMP.

In summary, the most prominent changes found in this model were a decrease in CGRP
and nNOS immunoreacitivity in the MP with no change in the number of neurones per ganglia.
Antigen presenting cells, most likely ED1 macrophages found within the MP, might play a

pivotal role in the neurochemical changes observed.
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3.2. Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are the two main forms of idiopathic
inflammatory bowel disease (IBD). They can be distinguished by their clinical manifestations,
sites of inflammation and immunologic profiles (Fiocchi, 1998; Sands, 2004). Both forms of
IBD are also associated with marked abnormalities in intestinal motility. In UC, these
impairments include abnormal transit together with decreased contractility of colonic smooth
muscle (Reddy et al., 1991; Snape, Jr. et al., 1991).

Extensive alterations in the enteric nervous system (ENS) have been observed during
IBD, including changes in morphology, neurotransmitter contents and function of enteric neurons
(Belai et al., 1997; Dvorak et al., 1980; Dvorak et al., 1993; Geboes and Collins, 1998;
Miampamba and Sharkey, 1998; Neunlist et al., 2003). Because the ENS plays an important role
in the regulation and control of motility, it seems reasonable to propose that alterations in the
ENS underlie some of the functional abnormalities observed in IBD. Inflammatory cytokines
and infiltrating immune cells appear to be responsible for many of the changes to the ENS in
inflammation (Khan and Collins, 1994; Ruhl et al., 1994). In particular, in nematode infection
models, infiltrated cells expressing high levels of MHC class Il are responsible for reduced
acetylcholine release and altered contractility (Collins et al., 1992; Collins et al., 1989; Galeazzi
etal., 2000).

Although there have been numerous studies of the ENS in inflammation, few studies have
examined the structural and functional changes to the ENS in animal models of UC, where
inflammation is restricted to the mucosa and submucosa. We have recently characterized a
model of colitis induced by the administration of Trichinella spiralis larvae into the colon(Auli
M. and Fernandez E., 2005). This model was based on previous reports which showed marked
reductions in contractility and reduced acetylcholine release from the longitudinal muscle after
intracolonic T. spiralis infection (Grossi et al., 1993; Jacobson et al., 1995). The model has
many similarities to the features of UC. Infected animals undergo episodes of weight loss,
decreased stool consistency with increased stool weight; epithelial sloughing and
microulcerations together with inflammatory infiltrate largely restricted to the mucosal and
submucosal layers (Auli M. and Fernandez E., 2005). In this model a reduction in colonic
motility is also observed in association with increased expression of inducible nitric oxide

synthase (iNOS) in the epithelium and in infiltrating cells within the lamina propria and
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submucosa (Auli M. and Fernandez E., 2005). However, how the ENS of the colon is affected in
this model has not been examined. Neither is it clear whether macrophage infiltration into the
region of the nerve plexuses is a feature of the inflammatory response.

The aim of the present study was to investigate the effects of inflammation on the
neurochemical composition of the colonic submucosal and myenteric plexuses in the T. spiralis-
induced colitis model in the rat. Specifically, we studied the distribution and organization of the
major excitatory and inhibitory neurochemical markers, as well as markers of intrinsic and
extrinsic primary afferent and extrinsic sympathetic nerves. The presence and composition of the
inflammatory cellular infiltrate expressing major histocompatibility (MHC) class 1l antigens and
the monocyte/macrophage markers ED1 and ED2 were also studied. Finally, we evaluated the
expression of the enteric glial marker glial fibrillary acidic protein (GFAP) within the plexuses,
as enteric glia are thought to play a role in inflammatory pathologies in the gut (Cabarrocas et al.,
2003).

3.3 Material and methods
3.3.1 Animal model

Male Sprague-Dawley rats (325-3509) were purchased from Charles River (Lyon, France)
and were housed at a constant temperature (23°C) and light-dark cycles (12:12h). Standard rodent
food and tap water were provided ad libitum. All experimental procedures were approved by the

local Animal Ethics Committee.

3.3.2. Induction of colitis

Colitis was induced by intra-colonic instillation of 5000 Trichinella spiralis larvae
suspended in 1 mL saline (0.9%). The larvae were obtained according to the method of Castro
and Fairbairn (Castro and Fairbairn, 1969). Each rat was lightly anesthetized with halothane, and
a polyethylene cannula (2 mm diameter) was inserted into the lumen of the colon 8 cm from the
anus. Next, a flush volume of 1 mL saline (0.9%) was instilled and fecal matter was removed.
Finally, each rat received 1 mL of a suspension of T. spiralis larvae. Control animals were treated

identically except that, instead of T. spiralis larvae, they received 1 mL normal saline.
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3.3.3. Tissue preparation

After an overnight (18-hr) fast with ad libitum access to water, the rats were killed by
decapitation and bled. Segments of mid colon were removed from animals 6 and 14 days after
administration of saline or T. spiralis larvae (n= 3 per group at each time point. Colonic segments
were opened longitudinally along the mesenteric border, washed in phosphate-buffered saline
(PBS) and pinned with the mucosal surface up, on a Sylgard-covered Petri dish in PBS
containing 1uM nifedipine. Samples were fixed overnight in Zamboni’s fixative (pH 7.4) at 4°C,
rinsed (3 x 10 min) in PBS, transferred to PBS with 0.01% sodium azide and stored at 4°C.

After fixation, all tissue was unpinned and whole mount preparations of the myenteric
plexus-longitudinal muscle (MP) and the submucosal plexus (SMP) were prepared under a

dissecting microscope(Costa et al., 1980).

3.3.4. Immunohistochemistry

Tissues were incubated separately for 24h at 4°C with the primary antibodies listed in
Table 1. All antibodies were diluted in PBS containing 0.1% triton X-100 (PBS-T) and 0.1%
bovine serum albumin. After incubation, tissues were rinsed (3 x 10 min) with PBS-T and
incubated for 1 h at room temperature with the species-appropriate secondary antibody
conjugated to CY3 or FITC (1:50-1:100; Jackson ImmunoResearch Laboratories, West Grove,
PA, USA). Samples were given a final wash (3x10 min) with PBS-T, mounted in bicarbonate-
buffered glycerol (pH 8.6) and examined using either a Zeiss fluorescence microscope, or an
Olympus fluoview FV300 confocal microscope. All photographs were taken with a digital
camera and adjusted in Adobe Photoshop or Corel draw for brightness and contrast.

Photomicrographs were taken at the same exposure to facilitate direct comparison.

3.3.5. Statistical analysis

The proportion of immunoreactive neurons was analyzed by counting neurons in a
minimum of 12 ganglia randomly selected from each preparation and the mean number of
positive neurons per ganglia was calculated. Data are expressed as mean + S.E.M. Student’s t-test
for unpaired data was used to assess the significance of the differences between experimental

groups. P values <0.05 were considered statistically significant.
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Table 1. Primary antibodies

Primary antibody Developed in Dilution Source

anti-human PGP 9.5  rabbit 1:100 Ultraclone Ltd. (31A3, Rossisters Farmhouse Wellow, UK)
anti-nNOS mouse 1:500 Sigma Chemical Co. (St. Louis, MO, USA)
anti-macrophage iNOS rabbit 1:500 Transduction Laboratories (Lexington, KT, USA)
anti-VIP rabbit 1:1000 Generous gift of Dr. Walsh (Los Angeles, CA)

anti-SP rabbit 1:500 Incstar Corporation (Stillwater, MN, USA)

anti-ChAT (P3YEB) rabbit 1:2000 Generous gift of M. Schemann (Freising, Germany)
anti-CGRP rabbit 1:1000 Cambridge CA 08-220

anti-TH rabbit 1:500 Chemicon International Inc. (Tenecula, CA, USA)
anti-calretinin rabbit 1:2000 Generous gift of J. Rodgers (Cambridge University, UK)
anti-calbindin mouse 1:1000 Swant (Bellinzona, Switzerland)

anti-rat OX-6 mouse 1:500 Serotec Ltd. (MCA46G, Kidlington, Oxford, UK)
anti-rat ED1 mouse 1:1000 Chemicon International Inc. (MAB1425)

anti-rat ED2 mouse 1:500 Serotec Ltd.

Table 1. Primary antibodies (PGP 9.5 protein gene product 9.5, nNOS neural nitric oxide
synthase, INOS inducible nitric oxide synthase, VIP vasoactive intestinal peptide, SP
substance P, ChAT choline acetyltransferase, CGRP calcitonin gene related peptide, TH
tyrosine hydroxylase, calbindin, calretinin, major histocompatibility (MHC) class Il antigens

0OX-6, monocyte/macrophage ED1, macrophage ED2)

3.4. Results

In a previous study we showed that T. spiralis-induced colitis in rats has some features
reminiscent of those seen in human UC. Inflammatory infiltrate and histopathological lesions
mainly restricted to the mucosal and submucosal layers are found in the colon of infected
animals(Auli M. and Fernandez E., 2005). The functional consequences of such inflammation
are a marked decrease in the spontaneous contractility of the underlying circular smooth muscle
which might be linked to the increased iNOS expression we observed in the colonic mucosa and
submucosa of these animals.
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3.4.1. Enteric innervation in inflammation
3.4.1.a) Excitatory neurotransmitters

The pattern of distribution and intensity of the immunoreactivity for neurochemical
markers of excitatory neurons was evaluated. In general, there were few changes observed.
Substance P immunoreactivity was present in nerve fibers distributed in the SMP and MP in both
control and infected animals. In control tissues, dense networks of substance P immunoreactive
fibers were prominent in the MP. In the SMP, ganglia were densely innervated, as were the
submucosal blood vessels, whose innervation is largely from extrinsic primary afferent nerves
(data not shown). The distribution and density of substance P immunoreactivity in the inflamed
colon was comparable to that observed in the normal colon. Similarly, choline acetyl transferase-
(ChAT) immunoreactivity was localized to cell bodies in the MP and SMP preparations of all
experimental groups. T. spiralis induced inflammation caused no observable changes in ChAT

immunoreactivity and distribution (data not shown).

3.4.1.b) Inhibitory neurotransmitters

Neuronal nitric oxide synthase (nNOS)
Immunoreactive nerve cell bodies and fibers containing neuronal nitric oxide synthase

(nNOS) were seen in the SMP and MP preparations of control and inflamed animals.
Inflammation significantly altered the expression of nNOS in the MP. The number of nNOS
immunoreactive cells per ganglia was reduced in tissues taken from days 6 and 14 post-infection
(P1) when compared to sham treated rats (control 18.4 + 0.5 vs. 6 days Pl 8.7 + 0.3 and 14 days
Pl 12.0 = 0.7 cells/ganglia; P<0.01; Fig. 1). Staining with the pan neuronal marker PGP 9.5
demonstrated that the number of PGP 9.5 immunoreactive cells in the MP remained unchanged at
these stages of inflammation (control 32.3 + 1.6 vs. 6 days Pl 24.1 + 5.2 and 14 days Pl 24.8 +
2.5 cell number/ganglia; ns). No differences in nNOS immunoreactivity were observed in SMP
preparations (control 2.19 £+ 0.17 vs 6 days Pl 2.85 £ 0.74 and 14 days Pl 2.06 + 0.43 cell
number/ganglia; ns). Vasoactive intestinal peptide (VIP) immunoreactivity was distributed in
neuronal cell bodies and fibers in the SMP and in numerous fibers in the MP. No differences

between the control and inflamed colon were observed (data not shown).
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Figure 1. (A) Immunoreactivity to nNOS in the myenteric plexus from sham, 6 days Pl and 14
days PI rats. Magnification x400. (B) Bar diagrams showing the decrease in nNOS positive
somas/ganglia in the infected tissue.*** P<0.0001 and ** P<0.01 when comparing sham vs.

infected groups (6 and 14 days PI, respectively). # P<0.05 between both colitic groups.
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Calcitonin gene-related peptide (CGRP) immunoreactivity

CGREP is present in both extrinsic primary afferent nerves and a population of enteric
neurons in the rat colon (Ekblad et al., 1988; Grider, 1994). CGRP immunoreactivity was
present in nerve fibers distributed in the SMP and MP in both control and infected animals. In
control tissues, CGRP-containing fibers were abundant in the MP and were found in moderate
density in the SMP in association with the vasculature. In the inflamed colon, CGRP distribution
was comparable to that observed for the normal colon; however, we observed a substantial
decrease in both the density and intensity of CGRP immunoreactivity in the MP from infected
animals at 6 and 14 days PI1 (Fig. 2). Surprisingly, no differences were observed regarding CGRP

immunoreactivity in the SMP.

Figure 2. Immunofluorescence micrographs of CGRP in the myenteric plexus. Note

there is a decrease in the density and the immunoreactivity of CGRP fibres in both
infected groups (6 and 14 days PI) when compared to the sham group. The decrease

was more evident in 6 day PI tissue. Magnification x200.

Extrinsic sympathetic nerves
Tyrosine hydroxylase (TH) is a marker of extrinsic sympathetic nerves (Furness and

Costa, 1974). TH immunoreactivity was observed within both enteric plexuses. A high density of
TH immunoreactive varicosities was observed in ganglia and in perivascular nerves surrounding
blood vessels in the SMP. TH immunoreactive fibers were present throughout the MP. No
changes in TH immunofluorescence were noted between control and inflamed tissues (data not

shown).
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3.4.2. Neural calcium binding proteins

Calbindin and calretinin were distributed in neuronal cell bodies in the SMP and MP of all
animals.  In the MP, the density of calretinin-positive cell bodies was higher than that of
calbindin, as previously described (Xiang and Burnstock, 2004). No differences in the
distribution of calretinin (data not shown) were observed in tissues taken from 6 and 14 day PI
animals when compared to sham animals. Calbindin-IR was weaker (intensity) in the tissue of 6
days PI animals compared to sham rats (Fig. 3).

Figure 3. Calbindin immunostaining in the myenteric plexus. Scattered labeled

somas were found in the ganglia in all experimental groups. In the 6 days PI rats,

there is a marked decrease in the intensity of calbindin immunostaining of the soma.

3.4.3. Inflammatory cellular infiltrate

Immunoreactivity to OX-6, which recognizes major histocompatibility complex class Il
antigen, was observed in scarce infiltrating cells in both SMP and MP preparations of control
animals. In contrast, OX-6 immunoreactive cells were dramatically increased in the SMP and MP
of all infected animals (both days PI; Fig. 4).

The density of ED1 immunoreactive cells (macrophages) was increased in the SMP and
MP in both groups of infected animals when compared to sham rats. In SMP preparations of
control animals, the infiltrating cells were mainly concentrated in and around blood vessels; on
the other hand, the infiltrating cells were present in a fairly uniform density throughout the SMP
preparation in the inflamed tissues (Fig. 5). No differences in ED1 positive cells were observed
between tissues 6 and 14 days after inflammation. The number of ED2 positive infiltrating

macrophages was markedly increased in SMP preparations in both groups of infected animals. In
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contrast to ED1 immunoreactivity, few ED2 positive cells were observed in the MP of both sham

and infected rats (Fig. 5).

SHAM

Submucous plexus

Myenteric plexus

Figure 4. Ox-6 (MHC class Il antigen) immunoreactivity in the submucosal and myenteric
plexus from all experimental groups. Scarce Ox-6 positive immunoreactive cells are
present in both plexuses of sham rats; in contrast, infected animals have a markedly
increased number of Ox-6 infiltrating cells within both the submucousal and myenteric

plexuses. Magnification x100.
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SHAM 6 Pl 14 Pl

Figure 5. ED1 and ED2 immunoreactivity are increased in both groups of infected animals
when compared to controls. (A) ED1 immunoreactivity in the submucosal and myenteric
plexuses from all experimental groups. Scarce ED1 positive cells are present in the sham
animals. In the submucosal plexus, infiltrating cells are concentrated around blood vessels
(indicated with arrow). However, infected animals display a marked increase in the number
of ED1 positive cells in both plexuses; in the submucosal plexuses, infiltrating cells are now
distributed throughout the tissue and are not just concentrated around blood vessels. Pictures
from each region were taken at the same exposure time to facilitate direct comparison. Scale
bar 50 um. (B).ED2 immunoreactivity in the submucosal plexus from all experimental
groups. Few ED2 positive cells are present in the sham animals but an increase in ED2
infiltrating cells is apparent in the infected animals. Pictures were taken at the same exposure

time to facilitate direct comparison. Scale bar 50 um.
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3.4.4. Enteric glial cells

Enteric glia are specifically labeled with the intermediate filament protein glial fibrillary
acidic protein (Jessen and Mirsky, 1980). GFAP immunoreactivity was observed in both the
SMP and MP. Enteric glia were star shaped cells with numerous processes extending within the
ganglia, surrounding neurons in all experimental groups. No differences in the intensity or
density of distribution or the morphology of enteric glia were observed between the infected and
control animals.

The inducible isoform of NOS was found in the submucosal and myenteric plexus of both
sham and colitic rats. The pattern and distribution of INOS immunoreactivity in both plexuses
colocalized with the GFAP immunoreactivity in the ganglia (see figure 6). No differences in

INOS ganglionic immunoreactivity were found in sham vs. infected animals.

Overlay

Figure 6. GFAP and iNOS immunoreactivity is colocalized. Panel A shows iNOS and
GFAP staining in the submucous plexus of a colitic rat (6PI). The image in panel B reveals

iNOS and GFAP staining in the myenteric plexus. Scale bar 50 pum.
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3.5. Discussion

We have investigated the effects of inflammation on the neurochemical coding of the
colon in a T. spiralis-induced model of ulcerative colitis in rats. Our major findings were that
mucosal inflammation reduced the expression of nNOS and CGRP in the MP, which was
associated with an increase in infiltrating mononuclear cells expressing MHC I1. Unexpectedly,
we did not observe any changes in the expression of substance P or CGRP in the SMP or ChAT
or VIP in the MP or SMP, even though expression of these transmitters are altered in other
models of intestinal inflammation and in IBD (Belai et al., 1997; Bishop et al., 1980; Eysselein
et al., 1991; Kimura et al.,, 1994; Kishimoto et al., 1992; Miampamba and Sharkey, 1998;
Neunlist et al., 2003).

We studied animals at 6 and 14 days PI, as we previously found two distinct episodes of
reduced food intake and body weight at these time points in parallel with decreased spontaneous
colonic motility and increased iNOS immunoreactivity in the mucosa and submucosa . This study
intended to analyse whether these changes in motility could be attributed to changes in the
distribution of the major excitatory or inhibitory transmitters in the ENS. Previous studies in
models of experimental colitis have reported changes in the expression of ChAT (Palmer and
Koch, 1995), substance P (Miampamba and Sharkey, 1998), VIP (Kishimoto et al., 1992) and
nNOS (Balemba et al., 2002; Mizuta et al., 2000). Moreover, there have been reports of
neuronal loss that range from 20% to 50% in models of transmural colitis in various species
(Boyer et al., 2005; Sanovic et al., 1999). In this study, using the cytoplasmic neuronal marker
PGP 9.5, we did not observe significant changes in the number of myenteric neurons after the
induction of colitis. The average number of neurons per ganglia that we observed in control
conditions is similar to previous reports (Lin et al., 2005).

We studied the distribution and density of ChAT using immunohistochemistry, as
previous studies of T. spiralis infection have indicated that cholinergic neurotransmission is
impaired in this model (Collins et al., 1989; Davis et al., 1998; Galeazzi et al., 2000; Palmer
and Greenwood-Van Meerveld, 2001; Palmer and Koch, 1995; Van Assche and Collins, 1996).
In a rat model of T. spiralis jejunitis, ChAT activity was rapidly increased during infection and
remained elevated until 6 days PI (Davis et al., 1998). However, in a guinea pig model of T.
spiralis jejunitis, ChAT activity was unchanged in the early stages following infection (up to 10

days Pl (Palmer and Koch, 1995)). We did not measure enzyme activity in our study, but rather
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its expression and distribution and found no obvious changes. The proportion of ChAT positive
neurons was unchanged in biopsies from patients with UC when compared to control
tissue(Neunlist et al., 2003). Since immunohistochemistry is not readily quantifiable, we may
have underestimated changes to this marker.

We observed no changes in substance P immunoreacitivity in infected tissues. This was
unexpected, as numerous studies have demonstrated altered substance P levels during intestinal
inflammation (Holzer, 1998). In rats with TNBS-induced colitis, there is an initial decrease in the
density of substance P positive fibers in the MP and mucosa, accompanied by an increase in
substance P synthesis, suggesting an enhanced release of this peptide during the initial stage of
colitis (Holzer, 1998; Miampamba and Sharkey, 1998; Sharkey and Kroese, 2001; Traub et al.,
1999). T. spiralis ileitis (De Giorgio et al., 2001) and jejunitis (Palmer and Greenwood, 1993;
Swain et al., 1992), as well as Clostridium difficile toxin A enteritis(McVey and Vigna, 2001),
are also associated with an increase in substance P release and a reduction in substance P content
in the small intestine. In contrast, studies performed in specimens taken from UC patients have
mostly reported an increase in substance P immunoreactivity in the mucosa and lamina propria
(Koch et al., 1987; Mazumdar and Das, 1992; Neunlist et al., 2003). This discrepancy might be
due to distinct regional responses in the gut in this model of colitis.

We did not observe any changes in VIP immunoreactivity when we compared sham and
inflamed tissue. Studies in animal models of chemically induced intestinal inflammation have
mostly observed an increase in VIP fiber density and content in enteric nerves as well as in the
circular muscle layer of inflamed animals (Kishimoto et al., 1992; Miampamba and Sharkey,
1998). In contrast, a reduction of VIP content has been reported in a ferret model of T. spiralis
jejunitis (Palmer and Greenwood, 1993). There is conflicting data from studies of IBD patients,
where both decreased (Surrenti et al., 1993) and increased VIP immunoreactivity (Ekblad and
Bauer, 2004; Tomita et al., 2000) have been observed.

The number of nNOS immunoreactive cells/ganglia was significantly reduced in the
colonic MP of T. spiralis-infected rats (at both time points) when compared to controls. This
finding might explain the decrease in the duration of the inhibitory junction potential of the
infected animals that we previously observed in this model(Auli M et al., 2004). Decreased
NNOS expression has also been reported by Mizuta et al (Mizuta et al., 2000) and has been

linked to the impaired non-adrenergic non-cholinergic relaxation observed in dextran sodium
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sulphate- (DSS) -treated rats. A slight decrease in nNOS immunoreactivity was also observed 1
day after the induction of TNBS colitis in rats; however, no changes in nNOS immunoreactivity
were observed from day 2 to 14 after treatment in this model (Miampamba and Sharkey, 1999).
Neural NOS levels are unchanged in mouse models of TNBS and DSS colitis (Beck et al., 2004;
Vallance et al., 2004) or are increased in the MP and SMP from the colon of pigs infected with
the parasite Schistosoma japonicum (Balemba et al., 2002) . Alterations of nNOS expression
might be mediated through a cytokine-dependent process, as interferon gamma, for example, has
been shown to suppress nNOS gene expression (Bandyopadhyay et al., 1997).

CGRP immunoreactivity was decreased in the MP of inflamed tissue on days 6 and 14 PI. In the
MP of the rat colon, CGRP-immunoreactive fibers are mainly of intrinsic origin (Su et al.,
1987), while in the rat colonic SMP, CGRP-immunoreactive fibers are mainly located
surrounding blood vessels and are of extrinsic origin. The decrease in both the intensity and
density of CGRP in the MP suggests that there might be an increase in CGRP release during the
inflammatory response. An increase in CGRP release occurs during acute experimental colitis in
the rabbit (Eysselein et al., 1991), while a decrease in CGRP immunoreactivity has been also
found in a rat model of TNBS-induced colitis (Miampamba and Sharkey, 1998) as well as in IBD
patients (Kimura et al., 1994). The decrease in CGRP observed under inflammatory conditions
might alter the peristaltic reflex since it has been reported that the addition of the sensory
neurotoxin, capsaicin, in a colonic preparation causes a depletion of CGRP which causes a
decrease of the peristaltic responses to muscle stretch and mucosal stimulation (Grider, 1994).
We also examined calbindin-IR in sham and inflamed tissues. We observed a decreased intensity
in calbindin-IR in the MP at 6 days PI. Since calbindin is a marker for intrinsic primary afferent
neurons (Song et al., 1994; Furness et al., 1998) this finding may suggest that this model of
inflammation might affect sensory function in the colon.

Noradrenergic nerves in the intestine are known to modulate the motility of non-
sphincteric parts of the gut within the myenteric ganglia through inhibition of transmitter release
from intrinsic cholinergic excitatory neurones (Hirst and McKirdy, 1974; Nishi and North, 1973).
Studies in patients with Crohn’s disease have reported increased TH immunoreactivity in the MP
of the ileum which might thus contribute to the abnormal intestinal motor activity in these
patients. However, in the present study, we did not find any differences in TH immunoreactivity

in sham vs. inflamed animals.
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No changes in the immunoreactivity of the calcium binding proteins calbindin and
calretinin were observed in infected animals. Since calbindin is a marker for intrinsic primary
afferent neurons (Furness et al., 1998; Song et al., 1994) this finding suggests that these neurons
might not to be affected in this model of colitis.

The number of MHC Il (OX-6 positive) infiltrating inflammatory cells was dramatically
increased in the SMP and MP in infected rats (6-14 days PI). MHC-11-expressing macrophages
have been previously described in the muscularis externa in T. spiralis-infected mice, suggesting
a putative role of these cells in the development of the neural changes observed in this model
(Galeazzi et al., 2000; Vallance et al., 1999). Geboes et al. (Geboes et al., 1992) demonstrated
de novo expression of MHC 11 in enteric glia in IBD, an observation we could not replicate in this
rat model of ulcerative colitis. Nevertheless, our data suggest that some of the alterations in the
enteric nervous system may be immunologically mediated through antigen presentation and
activation of infiltrating immune cells.

We have also explored the immunoreactivity of two specific macrophage markers (ED1
and ED2). EDL1 is present in both rat monocytes and macrophages, while ED2 is present in a
subpopulation of differentiated resident tissue macrophages (Dijkstra et al., 1985; Kummer et al.,
2005). Previous studies in a rat model of T. spiralis jejunitis have demonstrated that functional
enteric neural changes are macrophage dependent (Galeazzi et al., 2000). We found that ED1
positive macrophages/monocytes were markedly increased in the SMP and MP of 6 and 14 days
PI rats; similarly, Galeazzi et al. also observed an increase in macrophage infiltration into the
muscle layers and MP which peaked at 6 days following infection in a rat model of T. spiralis
jejunitis (Galeazzi et al., 2000). In addition, we found that ED2 positive resident macrophages
were only increased in the SMP of infected animals. Galeazzi et al. also suggested that
infiltrating macrophages, rather than the resident population, are involved in the development of
enteric neural changes in this model (Galeazzi et al., 2000). Although MHC I1-ED1/ED2 double
labeling was not performed in this study, the population number and cell morphology observed in
ED1/ED2 immunostaining seems to correlate well with that observed with MHC II. Indeed, in T.
spiralis induced jejunitis it has been shown that macrophages are the most abundant MHC 11 cell
type infiltrating the jejunum (Vallance et al.,, 1999). This finding suggests that ED1
macrophages expressing MHC Il might mediate the neural changes observed within the MP in T.
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spiralis induced colitis in rat as well as the altered spontaneous motility described in this model
in a previous report .

In addition, in this study we intended to explore iNOS immunoreactivity within enteric
ganglia. We found iNOS immunoreactivity in both plexuses from control animals. This finding is
consistent with the so called “physiological” inflammatory status of the colon, due to the
continuous exposure to an abundance of bacteria (McCafferty et al., 1999; Roberts et al., 2001).
No differences were found when comparing iINOS immunoreactivity in the enteric ganglia
between control and infected rats. We also explored GFAP immunoreactivity in both plexuses.
No changes in GFAP immunoreactivity were found when we compared healthy and infected
animals. Interestingly, the majority of iINOS immunoreactivity in both the MP and the SMP
colocalized with the enteric glial cell marker GFAP in all experimental animals. Indirect evidence
that enteric glia participate in NO synthesis has been previously reported as L-arginine
immunoreactivity is present in enteric glia (Nagahama et al., 2001). Furthermore, Green et al
(Green et al., 2004) reported an increase in iINOS expression in enteric glia in the MP from
dextran sodium sulfate-treated mice. Despite the fact that iINOS and GFAP immunoreactivity
were unchanged throughout the inflammatory process induced by T. spiralis in the colon, the
involvement of enteric glia in the pathogenesis of colitis cannot be ruled out since it has been
shown that these cells may be active participants in neuro-immune comunication events in the
enteric nervous system (Cornet et al., 2001; Ruhl et al., 2001).

In summary, we conclude that mucosal inflammation induced by T. spiralis in the colon
induces neural changes within the MP. Specifically, there is a decrease in CGRP and nNOS
immunoreactivity. These changes may be responsible for alterations in gut motility during
inflammation. Macrophages (ED1) expressing MHC class 11 are found extensively in both enteric

plexuses and might thus play a pivotal role in the neural changes observed.
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La infeccio oral amb larves de T. spiralis és un model molt utilitzat per tal d’estudiar els
canvis que es produeixen durant la inflamacié de I’intesti prim; tanmateix, la induccio de colitis
amb aquest parasit ha estat molt poc caracteritzada (Grossi et al., 1993; Jacobson et al., 1995).
Per tal d’aconseguir que les larves penetrin a la mucosa colonica és imprescindible que
s’administrin via intrarectal ja que administrat per via oral, el parasit no arriba més enlla de
I’ileum (Dick and Silver, 1980). A més a més, per dur a terme aquest tipus d’administracié és
necessaria I’anestesia de I’animal -en aquest estudi hem utilitzat anestésia inhalatoria per halota- i
hem comprovat que ni I’anestésia ni 1’énema administrat produeixen alteracions de cap dels
parametres estudiats (rates sham).

Aquest treball analitza fins a quin punt la colitis induida per T. spiralis en la rata presenta

semblances amb la UC i pot ser util com a model de malalties inflamatories intestinals humanes.

Simptomatologia de les rates infectades per via intrarectal amb T. spiralis

Les rates infectades presenten 2 periodes de disminucié d’ingesta i pes. El primer es dona
entre els dies 1 i 4 post infeccio (PI) i el segon entre els dies 11 1 15 PI; a partir del dia 15 les
rates es recuperen sense arribar als valors observats en les rates Sham. Aquests periodes recorden
el cicle biologic del parasit: el primer podria representar ’entrada del parasit a la mucosa del
colon i el segon podria ser degut a la migracié de les larves des de la mucosa fins al muscul
estriat. El fet que només trobéssim alguns parasits a la capa submucosa en rates de dia 14 PI
mentre que en vam observar molts d’enquistats a musculs estriats a dia 30 PI, fa pensar que el
cicle del nematode es tanca, independentment de 1’administracié oral o intrarectal del parasit.
Sembla ser que en 1’administracié oral de larves de T. spiralis (Castro et al., 1979; Faro et al.,
2000), la disminucié d’ingesta i no la diarrea és la causa principal de la pérdua de pes que es
produeix durant la inflamacio.

Les rates infectades per via intrarectal amb T. spiralis també presenten leucocitosi amb
neutrofilia i eosinofilia evidenciables del dia 6 al 21 PI; aquests simpotmes suggereixen que
aquestes rates pateixen a part de la colitis, una marcada resposta del seu sistema immunitari. A

més a més, presenten femtes toves amb mucus i increment del pes de les femtes des del dia 2 al
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20 PI. Estudis realitzats en pacients amb UC també mostren un increment del pes de les femtes
durant la fase activa de la colitis i ho relacionen amb I’exudat de I’epiteli inflamat, amb
I’augment que es produeix en la secrecid de mucus i la reduccid en 1’absorcid de fluids i

electrolits que es dona durant aquest procés (Rao and Read, 1990; Snape, Jr. et al., 1991).

Troballes macro i microscopiques de les rates infectades per via intrarectal amb T. spiralis
El colon de les rates infectades presenta una inflamacid macroscopica moderada
caracteritzada per la preséncia de petéquies, congestio, produccidé de mucus incrementada i
abseéncia d’ulceres macroscopiques des del dia 2 al 14 PI. El colon de rates a dia 30 PI t€ una
aparenca gairebé normal. Per altre costat, els animals sham mai van presentar cap tipus de lesio.
Les lesions microscopiques observades en els animals infectats son les segiients: a dia 2
PI es troba atrofia epitelial, edema i hiperplasia de la mucosa, edema de la submucosa, preséncia
de nombroses larves de T. spiralis i inflitrat inflamatori de tipus agut a nivell de mucosa i
submucosa; a dia 6 PI, es troben microulceres i larves a la mucosa, i un edema submucos sever
acompanyat d’un augment del nombre de cellules inflamatories; a dia 14 PI, s’observa
regeneracio de la mucosa i la preséncia d’algunes larves del nematode, i a dia 30 PI no es troba

cap tipus de lesi6 inflamatoria.

Tipus cel-lular inflamatori implicat

L’infiltrat inflamatori observat del dia 2 al 6 PI es caracteritza per la preséncia de
neutrofils, macrofags, cel-lules limfopasmocitaries i eosinofils entre els quals 1’ infiltrat neutrofilic
és el més abundant. A dia 14 PI, el nombre de cél-lules inflamatories encara es troba incrementat
pero, el tipus cel-lular més abundant durant aquesta fase son els macrofags. El patrd6 microscopic
observat en aquest model presenta semblances amb la UC sobretot pel que fa al tipus cel-lular
implicat i a ’estructura de la mucosa (Seldenrijk et al., 1991).

El nombre de c¢l-lules immunoreactives a I’OX-6, que reconeix I’MHC I, es troba molt
incrementat tant al PSM com al PM de les rates infectades (dia 6 i 14 PI). Estudis anteriors
(Galeazzi et al., 2000; Vallance et al., 1999), mostren que els macrofags que expressen el MHC
II de la muscular externa de ratolins infectats per T. spiralis estan implicats en el
desenvolupament dels canvis neurals observats en aquest model. Per altre costat, Geboes et al.

(Geboes et al., 1992) van demostrar per primer cop 1’expressié del MHC II a la glia entérica de
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pacients amb IBD, troballa que nosaltres no hem observat en aquest estudi. Tot i1 aix0, els nostres
resultats suggereixen que les alteracions que trobem en aquest model estan immunologicament
mediades a través de la presentacidé d’antigen i ’activacid de les cél-lules immunitaries que
infiltren els plexes entérics.

A més a més, també hem estudiat la immunoreactivitat a dos marcadors especifics de
macrofags: ’EDI que s’expressa tant en monoctis com en macrofags de rata, i ’ED2 que
s’expressa en una supoblacié diferenciada de macrofags residents a I’intesti (Dijkstra et al.,
1985; Kummer et al.,, 2005). Estudis anteriors van demostrar que els canvis observats en la
funci6é neural entérica depenien de la preséncia de macrofags en un model de jejunitis per T.
spiralis en rata (Galeazzi et al., 2000). El nombre de cél-lules immunoreactives a ED1 es troba
molt incrementat en ambdds plexes enteérics de les rates infectades per via intrarectal amb T.
spiralis a dia 6 i 14 PI; de manera similar, també ha estat descrit un increment del nombre de
macrofags a les capes musculars intestinals, sobretot a dia 6 PI, en el model de jejunitis-induida
per T. spiralis (Galeazzi et al., 2000). En canvi, en el nostre estudi només trobem augmentat el
nombre de c¢l-lules immunoreactives a ED2 al PSM dels animals infectats, resultats que també
concorden amb els trobats en el model de jejunitis per T. spiralis anteriorment esmentat (Galeazzi
et al., 2000), i que suggereixen que els macrofags infiltrants més que no pas la poblacié de
macrofags residents, son els que estan implicats en el desenvolupament de canvis neurals enterics
en aquest model. Cal dir, que encara que no hem realitzat doble marcatge MHC 11 vs. ED1/ED2,
el nombre 1 morfologia de les c¢l-lules marcades positivament amb EDI i ED2, sembla que es
correlacionen bé¢ amb el nombre i morfologia de cel-lules positives a MHC 1II. De fet, els
macrofags son el tipus cel'lular que més expresa MHC 1I en el jeju inflamat per T. spiralis
(Vallance et al., 1999). Aquest resultat fa pensar que els macrofags ED1 positius que expressen
I’MHC 1II podrien estar relacionats amb els canvis neurals i alteracions en la motilitat colonica

que s’observen en aquest model de colitis.

Expressio de la oxid nitric sintetasa induible (iNOS)

La inflamacié colonica induida per T. spiralis va acompanyada d’un increment
significatiu en I’expressio de la iNOS en I’epiteli i I’infiltrat inflamatori present a la mucosa i la
submucosa de les rates infectades (2-14 PI). Cal dir que estudis realitzats tant en pacients amb

UC activa (Singer et al., 1996; Kimura et al., 1998; Kolios et al., 1998; Guihot et al., 2000)
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com en d’altres models d’inflamacié intestinal (McCafferty et al., 1999; Miampamba and
Sharkey, 1999) també han descrit un augment de la iNOS durant el procés inflamatori.
Concretament, Kimura et al (Kimura et al., 1998) van observar, de manera similar al nostre
estudi, un augment en la immunoreactivitat a la iNOS tant a lamina propria com a I’epiteli de la
mucosa de pacients amb UC activa. En el nostre estudi, a més a més, la morfologia de I’infiltrat
inflamatori -que expressa iNOS- presenta la morfologia de leucocits fagocits, sobretot macrofags
i alguns neutrofils. De fet, aquests tipus cel-lulars se solen acumular a la lamina propria de la
mucosa inflamada i es consideren una font important de radicals Iliures (Grisham et al., 1999).
Tepperman et al (Tepperman et al., 1993) van descriure que algunes endotoxines i citocines
poden induir un increment en 1’activitat de la iNOS en cultius de cel-lules epitelials.

L’increment en 1’expressi6 de la iNOS, que s’observa en la mucosa de pacients amb UC i
en les rates infectades via intrarectal amb larves de T. spiralis, contribueix a I’increment de
I’activtat d’aquest enzim 1 ddna lloc a la formacié de quantitats molt grans d’NO. L’increment en
la sintesi d’NO és un factor determinant per 1’agreujament de la inflamaci6é contribuint al
desenvolupament de dany tissular, i pot ser considerat un factor rellevant en la disminucio de
motilitat i contractilitat que observem en aquest model. En contrast amb els nostres resultats,
I’estudi realitzat per Bian et al. (Bian et al., 2001) descriu una disminucié en 1’expressi6 de la
iNOS a I’intesti prim de ratolins infectats per via oral amb T. spiralis (del dia 3 al 30 PI). Cal dir
que la disminuci6 en 1’expressié de la iNOS ¢€s un fet del tot insolit en condicions d’inflamacid
intestinal 1 tal com s’ha esmentat anteriorment, la majoria de treballs solen descriure un increment
en la seva expressio (Singer et al., 1996; Kolios et al., 1998; Guihot et al., 2000; McCafferty et
al., 1999; Miampamba and Sharkey, 1999; Kimura et al., 1998). Tot i aix0, aquesta discrepancia
amb els nostres resultats podria ser deguda a 1’estudi de diferents regions intestinals o bé a
diférencies entre les especies animals estudiades.

Per un altre costat, en el nostre estudi també observem una lleugera immunoreactivitat a
la iNOS en algunes cél-lules epitelials i inflamatories de rates sham. Aquest fet ha estat descrit
per altres investigadors i s’associa a la continua exposicié de la mucosa intestinal a diversos
microorganismes (McCafferty et al., 1999; Miampamba and Sharkey, 1999; Roberts et al.,

2001) i en definitiva a un estat de “inflamaci6 controlada” caracteristic de I’intesti.
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Motilitat espontania colonica en les rates infectades per T. spiralis
Contraccions coloniques : contraccions HALF i LAHF

El colon de rata es caracteritza per la preséncia de dos patrons eléctrics associats a dos
patrons d’activitat mecanica. Per un costat, les contraccions HALF (d’elevada amplitud pero
baixa freqiiéncia) que estan associades a MPOs 1 per altre costat, les contraccions LAHF (de
baixa amplitud pero elevada freqiiéncia) que s’associen a oscil-lacions del potencial de membrana
de baixa amplitud (ones lentes) (Pluja et al., 2001). La xarxa d’ICCs del PM regula els MPOs i
les contraccions HALF; en canvi, la xarxa d’ICCs del PSM participa en la regulaci6 de les ones
lentes i1 en la generaci6 de les contraccions LAHF.

En aquest estudi, trobem que les rates infectades per via intrarectal amb T. spiralis
presenten canvis importants en ambdos patrons motors. Les tires de muscul circular colonic
presenten unes contraccions HALF disminuides des del dia 2 fins al 30 PI. A més a més, quan
s’enregistra 1’activitat espontania de tires de rates infectades (sobretot a dia 6 i dia 14 PI) la
motilitat desapareix en un interval de temps curt. Pel que fa a les contraccions LAHF, trobem una
amplitud augmentada a dia 2 PI i disminuida a dia 6 PI. Cal dir que estudis realitzats en pacients
amb colitis ulcerosa (Rao and Read, 1990; Snape, Jr. et al., 1991; Reddy et al., 1991), aixi com
en altres models animals de colitis (Grossi et al., 1993; Myers et al., 1997; Lu et al., 1997),
també descriuen en general una disminucié de la contractilitat colonica, perd no analitzen els
canvis de patré d’activitat mecanica. A més a més, el fet que durant la colitis induida per T.
spiralis trobem canvis tant en les contraccions HALF com en les LAHF suggereix que la
inflamacié podria induir canvis sostinguts en les ICC i com a conseqliéncia una activitat
marcapassos alterada. De fet, canvis ultraestructurals en aquest tipus cel-lular han estat
previament descrits al colon de pacients amb UC (Rumessen, 1996), aixi com en la inflamacid
intestinal induida amb etanol i acid acetic en gossos (Lu et al., 1997) i en ratolins infectats per

via oral amb T. spiralis (Wang et al., 2002).

Participacio de les capes mucosa i submucosa en alteracions motores observades

En aquest estudi, hem trobat lesions histopatologiques marcades i un augment important
de la immunoreactivitat a la iNOS a la capa mucosa i submucosa durant la infeccio intrarectal per
T. spiralis. Per aquests motius, també hem analitzat la participacio d’aquestes capes en el

desenvolupament de la dismotilitat observada. Trobem que les tires circulars de colon d’animals
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infectats, en les quals hem disseccionat préviament tant la capa mucosa com la submucosa,
presenten una activitat contractil espontania superior a la observada en tires que conserven totes
les capes. Tot i aix0, la motilitat espontania segueix sent inferior a la observada en animals sham.
Aquest fet es pot relacionar amb I’increment en I’expressié de la iNOS que trobem sobretot en
aquestes dues capes. L’augment d’NO ¢és doncs un factor determinant en la disminucié de
contractilitat observada en aquest model d’inflamaci6 colonica. A més a més, I’activitat fasica
espontania es manté sense canvis durant més temps que en les tires que tenen les capes mucosa i
submucosa resseccionades. De fet, quan s’enregistra I’activitat de tires amb mucosa i submucosa
obtingudes d’animals infectats, I’activitat ritmica espontania no es conserva ni tan sols durant el
temps de durada de I’experiment. Aquesta troballa, que és més marcada a dia 6 i 14 PI, indica que
la inflamacié localitzada justament en aquestes dues capes ¢€s determinant per al
desenvolupament de la disfunci6 del muscul llis i suggereix que els canvis estructurals
permanents de la cel-lula muscular llisa serien només en part responsables dels canvis de motilitat
observats (Xie et al., 1992; Liu et al., 2001). Aixi mateix, s’ha descrit que la mucosa i
submucosa colonica de pacients amb UC activa produeix mediadors inflamatoris -IL-1p, H,O; 1
NO- que difonen a les capes musculars i contribueixen a la dismotilitat colonica observada en
aquesta malaltia (Cao et al., 2005). Es possible que en una primera etapa de la malaltia, els
mediadors inflamatoris produits a la mucosa afectin la funcié muscular, perd també cal tenir en
compte que les mateixes cél-lules musculars llises i les propies cél-lules epitelials també son font
d’aquests mediadors inflamatoris (Salinthone et al., 2004) i poden contribuir al manteniment de
la inflamaci6 en aquests pacients.

El fet que la motilitat a dia 30 PI encara es troba disminuida -tot i I’abséncia del parasit a
la mucosa colonica 1 malgrat que la immunoreactivitat a la iNOS és similar a la observada en
animals control- fa pensar que la resposta inflamatoria sistémica i no la irritaci6 local provocada
pel parasit és un factor determinant de la dismotilitat colonica induida per T. spiralis. De la
mateixa manera, s’ha observat que les alteracions motores que es donen en rates infectades via
oral amb aquest parasit, tampoc requereixen la preseéncia del mateix a la llum intestinal (Marzio
et al., 1990) i que els canvis en la motilitat perisisteixen fins i tot en zones no inflamades
(Tanovic et al., 2002). Ambdos fets suggereixen que les alteracions motores observades estarien
mediades també per la resposta inflamatoria de 1’hoste. Per altre costat, el retorn de I’expressio de

la iINOS als nivells basals que observem a dia 30 PI en aquest estudi, juntament amb la
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hipomotilitat colonica residual que presenten aquests animals, suggereix la preséncia de canvis

permanents a nivell de muscul llis i de SNE.

Contractilitat colonica en les rates infectades per T. spiralis

La motilitat del muscul llis circular del colon depen per un costat, de 1’alliberament de
calci des dels magatzems intracel-lulars i1 per un altre costat, depen de I’entrada de calci a través
de canals de calci dependents de voltatge (Sato et al., 1994). En resposta a diferents estimuls,
s’activen aquestes vies de mobilitzacio de calci que determinen un augment del nivell de calci
intracel-lular i la conseqiient contraccié del muscul llis (Sato et al., 1994; Shi and Sarna, 2000).
L’agonista excitatori que hem utilitzat en aquest treball ha estat 1’ ACh ja que és un dels principals
neurotransmissors implicats en les contraccions espontanies del colon a nivell de la unid
neuroefectora (Kunze and Furness, 1999). Hem trobat que el colon de rates infectades per T.
spiralis presenta una resposta contractil disminuida front a I’ACh. Aquest fet ha estat descrit
també en d’altres models de colitis (Grossi et al., 1993; Liu et al., 2001; Myers et al., 1997; Shi
and Sarna, 2000) i s’ha associat a possibles alteracions en les propietats de les proteines G
acoblades als receptors muscarinics (Shi and Sarna, 2004), canvis en 1’expressio o regulaci6 de
proteines contractils (Xie et al., 1992) i/o canvis en la contribucid del calci extracel-lular i

intracel-lular (Liu et al., 2001; Shi and Sarna, 2000).

Contribucio del calci intracel-lular a la contraccio

En principi, una contraccié que es desenvolupa en absencia de calci extracel-lular,
reflecteix la utilitzacidé dels magatzems intracel-lulars d’aquest 16 (Lategan and Brading, 1988;
Myers et al., 1997; Paul et al., 1994). Les nostres dades indiquen que la contribucié del calci
intracel-lular a la contraccié es manté intacta en aquest model, ja que la incubaci6 del colon en
un medi lliure de calci afecta per igual a I’activitat espontania dels animals sham i els animals
infectats. En el nostre estudi, la incubacid del colon amb nifedipina, un blocador dels canals de
calci de tipus L, produeix un efecte inhibitori sobre les contraccions ritmiques espontanies similar
en rates sham i en rates infectades amb el parasit. A més a més, la contraccid induida per ACh, en
presencia d’aquest blocador, també es troba reduida en tots els animals. Aquestes troballes
suggereixen que les contraccions fasiques espontanies aixi com la contraccid en resposta a

I’acetilcolina depenen de la preséncia de calci extracel-lular i de I’entrada de calci dins la cél-lula
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a través de canals de calci de tipus L tant en rates sham com en rates infectades per T. spiralis. En
el muscul circular colonic de pacients amb UC, la contraccio en resposta 1’addicié de NKA es
troba disminuida (Cao et al., 2004). La NKA activa receptors NK, i produeix la contraccio
provocant 1’alliberament de calci dels magatzems intracel-lulars (Cao et al., 2000), de manera
que sembla ser que la utilitzacid del calci intracel-lular es troba alterada en la malaltia humana,

troballa que no hem pogut observar en aquest model.

Contribucio del calci extracel-lular a la contraccio

La deplecié dels magatzems de calci intracel-lular disminueix la contraccio induida per
ACh en tots els animals; tot 1 aix0, I’ efecte inhibitori és més marcat en el colon d’animals
infectats (sobretot a dies 6 i 14 PI). Aquesta troballa suggereix que la utilitzacio del calci
extracel-lular pot estar alterada durant la inflamaci6 colonica induida per T. spiralis ja que la
resposta a 1’acetilcolina obtinguda després de la deplecio del calci intracel-lular determina el
nivell d’utilitzacio del calci extracel-lular (Myers et al., 1997; Renzetti et al., 1990). Un dels
factors determinants en la contribuci6 del calci extracel-lular a la contraccid son els canals de
calci tipus L. De fet, s’ha trobat que el seu nivell d’expressio es troba disminuit en les cel-lules
musclars llises de colon inflamat cani (Liu et al., 2001) i com a conseqiiéncia es produeix una
reduccid en I’entrada de calci a la cél-lula, que s’associa a la supressido de motilitat observada
durant la inflamacio.

El clorur potassic provoca la contraccié del muscul llis via despolaritzacié i1 activacio
d’entrada de calci a la cél-lula a través de canals sensibles a voltatge de la membrana plasmatica.
En aquest estudi, trobem que la resposta contractil al clorur potassic també esta disminuida durant
la infeccid per T. spiralis. Aquest fet pot suggerir que alguns passos de I’acoblament excitacio-
contraccid es trobin alterats en aquest model. Les alteracions en I’acoblament excitacio-
contraccid han estat descrites també per altres investigadors. Per exemple, la inflamaci6
disminueix ’expressio d’algunes proteines G (proteina Goy11) acoblades a receptors muscarinics
en un model d’ileitis per acid acétic en gos(Shi and Sarna, 2004). En canvi, la densitat dels
receptors muscarinics i 1’afinitat de I’ACh per aquests receptors no es van trobar alterats en
aquest model. La disminucidé en I’expressio de proteines G, acoblades a receptors muscarinics,
podria participar en la supressio de la contractilitat que s’observa durant la inflamacio, ja que de

fet, les proteines G constitueixen el primer pas de ’anomenat acoblament excitacio-contraccio
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que condueix a la fosforilacié/defosforilacié de les proteines contractils. Per altre costat, Xie et
al. (Xie et al., 1992) van suggerir que la disminucio en la reposta contractil observada durant una
colitis per formalina en conills pot ser deguda a alteracions en la interaccié actina-miosina. Aixi
doncs, defectes del sistema contractil a diferents nivells com ara la regulacid, sintesi i degradacio

de les propies proteines contractils també es poden trobar alterats durant el procés inflamatori.

Potencial de membrana de les cél-lules musculars de colon inflamat

El potencial de repdos de membrana del muscul llis intestinal ve determinat
majoritariament per la diferent distribucié d’ions, concretament sodi i potassi, a través de la
membrana i per la permeabilitat selectiva de la membrana a aquests ions. El gradient de potassi a
través de la membrana ¢és determinant per la génesi d’aquest potencial. Per contra, la bomba
sodi-potassi participa més aviat poc en el la génesi del potencial, tot i que contribueix en el
manteniment de concentracions intracel-lulars elevades de potassi i baixes de sodi en comparacio
amb les seves respectives concentracions en el liquid extracel-lular. El muscul 1lis colonic de rata
presenta un potencial de repos de membrana que oscil-la al voltant dels — 50 mV (Pluja et al.,
1999). En aquest treball, hem trobat que el potencial de membrana del colon de rates infectades
per T. spiralis es troba més hiperpolaritzat que el de les rates sham. Malgrat que el paper de la
bomba sodi-potassi no ¢€s rellevant en la génesi del potencial de membrana cal esmentar que
alguns estudis suggereixen que canvis en la seva expressid, que han estat observats durant la
infeccio intestinal per T. spiralis en rata, podrien contribuir a alteracions del potencial de
membrana de la cél-lula muscular llisa intestinal (Khan and Collins, 1993).

La hiperpolaritzacié induida per estimul eléctric del muscul circular colonic de rata es deu
tant a I’alliberament d’NO com d’ATP des dels terminals nerviosos NANC (Pluja et al., 1999).
L’addici6 exogena d’aquests dos neurotransmissors hiperpolaritza la cel-lula muscular i
disminueix ’activitat ritmica espontania. L’NO ¢€s un gas molt difussible i que travessa facilment
la membrana de la cel-lula muscular llisa i activa la guanilat ciclasa soluble (sGC). Aquest enzim
esta format per una subunitat oo i una subunitat 3, i el seu acoblament ¢és limitant perque
I’activacio pels seus lligands produeixi cGMP (Lucas et al., 2000). La produccié de cGMP i la
posterior fosforilacid de proteines tradueixen el senyal de I’'NO per donar lloc a la relaxacio del

muscul llis (Lincoln and Cornwell, 1991). A més a més, ’'NO pot actuar incrementant la
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conductancia al potassi i induir també d’aquesta manera la hiperpolaritzacié de la membrana
(Thornbury et al., 1991). Les rates infectades per via intrarectal amb T. spiralis mostren un
augment important en ’expressido de la iNOS en les capes més superficials coloniques, que
resulta en un augment en la sintesi d’NO. El fet que els estudis electrofisiologics van ser realitzats
en tires coloniques en les quals s’havia eliminat la capa mucosa i la submucosa, fa suggerir que
les cél-lules infiltrants al PM podrien participar activament en I’increment dels nivells d’NO.
Aquest augment d’NO podria contribuir a la marcada disminucio del potencial de repos de la
cel-lula muscular Ilisa colonica que s’observa durant la inflamacié. En darrer lloc, I’increment en
la hiperpolaritzaci6 cel-lular podria explicar la desorganitzaci6 i disminucid en 1’activitat ritmica

espontania i la reduccio en la contractiliat del muscul llis de les rates amb colitis.

Alteracions del sistema nervids enteric durant la inflamacié colonica induida per T. spiralis
El marcador pan neuronal utilitzat en aquest treball ha estat la PGP 9.5. La PGP 9.5 és
una proteina citoplasmatica que pertany a la familia de les hidroxilases C terminal de la
ubiquitina. Les proteines d’aquesta familia intervenen en molts processos cel-lulars com ara en la
reparaci6 d’ADN, la embriogeénesi, la regulacid de la transcripcid i I’apoptosi. Concretament, la
PGP 9.5 es troba en cossos neuronals i axons del SNC i SNP, aixi com en el tracte
gastrointestinal. Cal dir també, que el nombre de neurones per gangli que hem observat en el
teixit control d’aquest estudi €s similar a I’observat en d’altres publicacions (Lin et al., 2005).
En aquest estudi, no hem observat canvis significatius en el nombre de neurones
mienteriques després de la induccié de la inflamacid, tot i que molts estudis descriuen perdues
neuronals del 20% al 50% en models de colitis (Sanovic et al., 1999; Boyer et al., 2005). La rad
d’aquesta discrepancia podria raure en el fet que els estudis esmentats anteriorment han estan
realitzats en models de colitis transmural, en els quals les lesions son molt més profundes que les

trobades en la inflamacid colonica induida per T. spiralis.

Neurotransmissio excitatoria

Estudis anteriors d’infeccions per T. spiralis suggerien que la neurotransmissio
colinergica esta alterada en aquest model (Collins et al., 1989; Galeazzi et al., 2000; Palmer and
Koch, 1995; Van Assche and Collins, 1996; Davis et al., 1998). Per exemple, en la jejunitis per

T. spiralis en rata, la ChAT augmenta durant la infeccié i es manté elevada fins el dia 6 PI
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(Davis et al., 1998). Per contra, en un model de jejunitis per T. spiralis en conill d’indies (Palmer
and Koch, 1995), I’activitat de la ChAT es mant¢ intacta durant les primeres etapes de la infeccio
(fins el dia 10 PI). Es important tenir en compte que en aquest estudi no hem mesurat 1’activitat
enzimatica de la ChAT, pero si la seva expressio i distribucid, i no hem pogut evidenciar canvis
sgnificatius. En concordanca amb la nostra observacio, la proporcié de neurones ChAT-positives
es manté inalterada en pacients amb UC (Neunlist et al., 2003).

Tampoc no hem observat canvis pel que fa a la immunoreactivitat a la SP entre animals
sans 1 infectats. Aquesta troballa era inesperada perque molts estudis han trobat nivells alterats de
SP durant la inflamaci6. Durant la jejunitis (Palmer and Greenwood, 1993; Swain et al., 1992) 1
ileitis (De Giorgio et al., 2001) induides per T. spiralis s’han trobat increments en 1’alliberacio
de SP i reducci6 del seu contingut a nivell de I’intesti prim. En canvi, els estudis realitzats en
teixits obtinguts de pacients amb UC solen descriure en general un augment en la SP de la
mucosa i la lamina propria (Koch et al., 1987; Mazumdar and Das, 1992; Neunlist et al., 2003).
Aquestes discrepancies amb els nostres resultats poden ser degudes a diferents respostes a la

inflamaci6 segons el segment intestinal estudiat durant la infeccio per T. spiralis.

Neurotransmissio inhibitoria

En aquest estudi, observem que la TTX i L-NOARG produeixen un augment de 1’area
sota la corba (AUC, g x min), de I’amplitud i de la freqiiencia de les contraccions fasiques
espontanies del colon de rates sanes. Aquest fet suggereix que ’activitat fasica espontania esta
sotmesa a un control inhibitori tonic des de fibres nervioses NANC inhibitories, i ha estat
préviament descrit per altres investigadors (Pluja et al., 1999). En canvi, en la inflamaci6
colonica per T. spiralis cap dels parametres esmentats abans augmenta significativament després
de I’addicié de TTX o L-NOARG, fet que suggereix una pérdua com a minim del control neural
nitrérgic en aquest model. Cal dir que en alguns casos vam observar un lleuger augment de
’activitat ritmica espontania després de 1’addicio d’aquests dos blocadors en el grup d’animals
amb colitis, perd0 mai va ser significatiu i I’efecte tenia una durada curta comparat amb els
animals sham. El fet que aquest petit increment sigui, a més a més, molt transitori en els animals
amb colitis podria ser explicat per 1’augment en la sintesi de NO —per part de la iNOS i no de la
nNOS- que es produeix en aquest model. De forma similar, Bossone et al (Bossone et al., 2001)

també van descriure una reduccio en I’efecte d’aquests dos blocadors en un model de colitis per
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TNBS en rata i també el van associar a una disminucid en I’alliberament d’NO d’origen neural
(Bossone et al., 2001); a més a més, en la colitis per TNBS, les contraccions en off induides per
estimul electric no augmenten significativament després de 1’addicié de L-NOARG, fet que
suggereix altra vegada la pérdua del control tonic inhibitori nitrérgic préviament descrit (Zhao et
al., 2001).

L’apamina ¢és un blocador de canals de potassi de baixa conductancia activats per calci.
L’addici6é d’apamina al bany d’organs provoca un augment de ’amplitud i la freqliencia de les
contraccions coloniques en teixit control. No obstant, ’apamina no fa augmentar cap dels
parametres esmentats anteriorment quan analitzem teixit inflamat (sobretot a dia 6 i 14 PI).
Aquesta disminucid en la sensibilitat a ’apamina també ha estat descrita en la jejunitis induida
per T. spiralis (Tanovic et al., 2002) tant a nivell de jejti com en I’ili no inflamat i fa suggerir que
els canvis en aquests canals poden alterar I’efecte dels neurotransmissors que actuen sobre els
mateixos. Els efectes inhibitoris de I’ATP depenen en gran mesura de 1’activacié dels canals
sensibles a apamina i s’ha proposat I’ATP com a co-transmissor inhibitori juntament amb 1’0xid
nitric en el colon de rata (Pluja et al., 1999). Aixi doncs, la disminuci6é en la sensibilitat a
I’apamina observada durant 1’estat inflamatori pot indicar una alteracié de la neurotransmissio
purinergica. L’alteracio de la neurotransmissio purinérgica també ha estat descrita anteriorment
per altres investigadors com ara De Man et al. (De Man et al., 2003) que associen la inflamacio
intestinal cronica en ratoli amb canvis en el control purinérgic de 1’activitat neural colinergica.

La caracteritzaci6 dels 1JPs ha estat realitzada sempre en preséncia de nifedipina -
blocador de canals de calci de tipus L- per tal d’estabilitzar el potencial de membrana, fer
desapar¢ixer la motilitat ritmica espontania i permetre d’aquesta manera, augmentar la durada del
registre de I’activitat eléctrica. Segons ha estat descrit préviament, els IJPs del colon de rata son
bifasics (Pluja et al., 1999), consten d’una hiperpolaritzacio rapida- que sembla ser mediada per
ATP- i d’una hiperpolaritzaci6 lenta mediada per un component nitrergic. La durada dels [JPs es
troba significativament reduida al teixit inflamat (6 PI). Aquesta troballa també ha estat
observada per Lu et al. (Lu et al., 1997) en un model de colitis per acid acétic en gos, fet que els
va fer suggerir una reduccio en I’alliberament neuronal d’NO. Per tant, la disminuci6 observada
en la durada dels [JPs fa pensar que la disminucid en contractilitat que trobem en aquest model de
colitis no és deguda a un augment en [’alliberament d’NO des de les neurones NANC.

Probablement I’NO produit per la iNOS i no per la nNOS, sigui una de les causes que
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contribueixen a la supressid de motilitat observada. Fins i tot en preséncia de TTX, que
disminueix tant amplitud com durada dels IJPs, la durada d’aquests segueix mantenint-se inferior
en el teixit inflamat comparada amb la del control. L’addicié de L-NOARG disminueix la durada
dels IJPs en tots els grups experimentals, pero el seu efecte es troba reduit en el teixit inflamat.
L’apamina disminueix 1’amplitud dels 1JPs en tots els animals pero I’amplitud dels [JPs del teixit
inflamat es veu menys afectada per aquest farmac en relacio al que observem en teixit control.
Aixi doncs, la falta de sensibilitat a I’L-NOARG i I’apamina observada al bany d’organs en rates
infectades per T. spiralis és una troballa que també s’observa al analitzar la morfologia dels 1JPs
en teixit inflamat, i suggereix un deteriorament de la neurotransmissio inhibitoria en aquest
model.

El nombre de neurones positives a la nNOS per gangli es troba significativament reduit al
PM de rates infectades per T. spiralis (tant a dia 6 com 14 PI). Aquesta troballa pot explicar la
disminucié en la duraciéo de I’IJP que presenten els animals infectats a dia 6 PI. Mizuta et al.
(Mizuta et al., 2000) també descriuen una disminucié en 1’expressié de nNOS en el model de
colitis induida amb DSS en rates i I’associen a I’alteracid que observen en la relaxacidé no
adrenérgica no colinérgica del colon distal d’aquests animals. Els canvis en I’expressio de la
nNOS estan mediats, probablement, a través d’un procés depenent de citocines ja que per
exemple, s’ha demostrat que I'IFN-y pot suprimir I’expressid6 del gen de la nNOS
(Bandyopadhyay et al., 1997). Els nivells de nNOS no s’alteren en models de colitis per TNBS
en ratolins (Beck et al., 2004; Vallance et al., 2004) o fins i tot, es poden trobar incrementats en
el colon de porcs infectats amb el parasit Schistosoma japonicum (Balemba et al., 2002).

En el nostre estudi no hem observat canvis en la immunoreactivitat al VIP durant la
inflamacid. Gran part dels estudis realitzats en models animals d’inflamaci6 intestinal descriuen
majoritariament un augment en la densitat de les fibres VIP-positives (Kishimoto et al., 1992;
Miampamba and Sharkey, 1998). Pel que fa a treballs realitzats amb teixit obtingut de pacients
amb IBD, els resultats son discrepants perqué s’han descrit tant disminucions (Surrenti et al.,
1993) com increments (Tomita et al., 2000; Ekblad and Bauer, 2004) en la seva

immunoreactivitat.
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Péptid relacionat amb el gen de la calcitonina

El CGRP ¢és un neuropeptid determinant en molts processos fisiologics 1 funcions
reguladores del sistema nervids enteric de moltes especies de vertebrats. Concretament, participa
en la regulacid del muscul gastrointestinal i la motilitat (Palmer et al., 1984; Grider, 1994),
acompleix funcions sensitives (Rasmussen et al.,, 2001), intervé en la regulaci6 de la
microcirculacio intestinal (Kawasaki, 2002), de la secrecio (Tache, 1992) aixi com també de
I’absorci6 d’alguns aminoacids (Barada et al., 2000).

La capsaicina €s una neurotoxina que activa fibres nervioses sensitives a través d’un
canal i0onic que es coneix com a receptor vaniloide (Caterina et al., 1997). Després de la seva
activacio, la capsaicina desensibilitza les neurones sensitives (Szallasi, 1996). S’ha demostrat que
el 80 % de fibres sensibles a la capsaicina del SNE contenen CGRP i s’ha suggerit, que el CGRP
té un paper determinant en el mecanisme d’hipersensibilitat colonica en la rata (Plourde et al.,
1997). En aquesta especie, les fibres immunreactives a CGRP del PM son fibres d’origen
majoritariament intrinsec (Su et al., 1987). En canvi, les fibres immunoreactives a CGRP del
PSM tenen un origen extrinsec i es troben envoltant vasos sanguinis. En el nostre model, la
immunoreactivitat al CGRP es troba disminuida en el PM a dia 6 i 14 PI. La disminucio tant en
intensitat com en densitat de les fibres CGRP-immunoreactives al PM suggereix un increment en
la seva alliberaci6 durant la resposta inflamatoria. L’increment en 1’alliberacié de CGRP ha estat
descrit en d’altres models d’inflamacio intestinal (Eysselein et al., 1991), tot i que la disminucio
d’aquest peptid també ha estat observada en la colitis induida amb TNBS (Miampamba and
Sharkey, 1998) i en pacients amb IBD (Kimura et al., 1994). També ha estat descrit que
I’addici6 de capsaicina a una preparacid colonica, provoca una depleci6 de CGRP que acaba
ocasionant una disminucio6 de la resposta peristaltica a la distensio i a 1’estimulacié de la mucosa
(Grider, 1994). Aixi doncs la disminucid en les fibres immunoreactives al CGRP que observem
en les rates infectades per T. spiralis, podria contribuir a les alteracions coloniques motores

observades durant la inflamacio.

Proteines neurals lligadores de calci
L’alliberament de neurotransmissors des del terminal sinaptic €s un procés complex que
requereix la preséncia de proteines neuronals lligadores de calci que responguin a 1’augment del

nivell de calci intracel-lular. La calbindina pertany a aquest grup de proteines. El significat de la
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seva expressio en les neurones entériques coloniques no ha estat estudiat en profunditat, pero hi
ha dades que indiquen que podrien expressar-se en neurones sensitives aferents (Mann et al.,
1999; Song et al., 1994). En aquest treball, hem analitzat la immunoreactivitat a aquesta proteina
1 hem trobat que es troba disminuida al PM a dia 6 PI; aquest fet, juntament amb la disminucié de
la immunoreactivitat al CGRP, fa suggerir que la funcid de les neurones sensitives podria trobar-
se alterada durant la inflamacio colonica induida per T. spiralis. Aquesta troballa també s’ha
observat en d’altres models, com ara la colitis per TNBS en rata (Lin et al., 2005), on s’ha descrit
que el nombre de neurones que co-expressen receptors del Factor de Creixement Neural (NGF) 1
calbindina disminueix, i que aquest fet podria induir canvis a diferents nivells de la fisiologia

intestinal.

Innervacié extrinsica simpatica

La TH és un enzim que introdueix un segon grup hidroxil a I’anell aromatic de la tirosina
1 constitueix el primer pas en la sintesi de catecolamines. La dopamina €s una molécula
precursora de norepinefrina i caracteristica de la innervacié simpatica, pero s’han trobat neurones
intrinseques dopamineérgiques en el sistema nervios entéric d’algunes especies (Li et al., 2004).
La innervaci6é noradrenergica a I’intesti modula la motilitat de les zones no esfintériques a través
de receptors a, que inhibeixen I’alliberament de neurotransmissors de neurones colinergiques
excitatories intrinseques (Nishi and North, 1973; Hirst and McKirdy, 1974). Estudis realitzats en
pacients de Crohn han descrit un augment en la immunoreactivitat a la TH (Belai et al., 1997), i
per altre costat, estudis realitzats en models d’inflamaci6 intestinal com la colitis per TNBS o la
mateixa colitis per T. spiralis en rata, descriuen una disminucié6 en I’alliberament de
noradrenalina en resposta al KCl o a I’estimulacié eléctrica de camp (Jacobson et al., 1995). El
fet que en el nostre estudi no hagim observat diferéncies en la immunoreactivitat a la TH entre
animals infectats i sham, no descarta completament que la innervacié simpatica pugui trobar-se

alterada en aquest model.

Cel-lules glials entériques
Les cellules glials entériques son un tipus cel-lular que presenta semblances tant
morfologiques com funcionals amb els astrocits del SNC. Aixi mateix, tamb¢ se’ls atribueixen

funcions trofiques i protectores de les neurones enteriques i sembla ser que a més a més, estan
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implicades en la integracidé i modulacié de ’activitat neuronal (Cabarrocas et al., 2003). Per altre
costat, es considera que aquestes ce¢l-lules constitueixen un component actiu del sistema nervids
enteric durant la inflamaci6 intestinal ja que poden actuar com a cél-lules presentadores d’antigen
(Geboes et al., 1992), i interaccionen amb el sistema immunitari expressant citocines i receptors
de citocines (Ruhl et al., 2001). Tot 1 aix0, en aquest estudi no hem observat expressié del MHC
IT a la glia entérica durant la inflamacié induida per T. spiralis.

En aquest treball, també hem analitzat la immunoreactivitat a la GFAP que és una
proteina associada als filaments intermedis de les cel-lules glials, perd0 no hem observat
diferéncies suggestives d’una reactivitat glial en les diferents situacions experimentals. Tot 1 aixo,
hem trobat immunoreactivitat a la iNOS en ganglis enterics d’ambdds plexes nerviosos tant
d’animals sham com rates infectades per T. spiralis i hem observat que colocalitza amb la GFAP.
De fet, ja existia una evidencia indirecte de la participacio de la glia entérica en la sintesi d’NO
perque estudis anteriors havien descrit immunoreactivitat a la L-arginina en cel-lules glials
entériques (Nagahama et al., 2001). Aquesta troballa s’associa a I’estatus d’inflamacio
controlada propi del colon, degut a la continua exposicié a microorganismes (McCafferty et al.,
1999; Roberts et al., 2001). Tot i que en d’altres models d’inflamacié intestinal, com ara la
colitis per DSS en ratolins, s’ha observat un increment de la immunoreactivitat a la iNOS en la
glia del PM, nosaltres no hem trobat diferéncies entre animals sham i infectats; no obstant, la
implicacio de la glia entérica en la patogénia de la colitis induida per T. spiralis no s’hauria de

descartar 1 mereixeria un estudi més detallat.
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1)

2)

3)

4)

5)

Les rates infectades per via intrarectal amb larves de T. spiralis presenten dos periodes de
disminucid d’ingesta i pes (dies 1 14 PI1 /111 15 PI), i femtes toves amb mucus del dia 2 al
20 PI. A més a més, presenten leucocitosi amb neutrofilia i eosinofilia des del dia 6 al 21
PI. Aquests simptomes fan pensar que a part de la colitis, les rates mostren una resposta

sistémica front al parasit.

El fet que a dia 30 PI trobem larves enquistades a musculs estriats, com ara el diafragma,
permet afirmar que tot i la utilitzacié d’una via no natural d’infeccidé com és la via

intrarectal per a la T. spiralis, el cicle biologic del parasit es tanca.

El colon de rates infectades per T. spiralis presenta una inflamaci®é macroscopica
moderada. Les lesions histopatologiques més caracteristiques son atrofia epitelial amb
presencia de microulceres i edema de la mucosa i la submucosa. El nombre de PMNs
neutrofils 1 macrofags es troba augmentat tant a la mucosa com a la submucosa
coloniques. Tant pel tipus de lesions observades, com per la circumscripcié d’aquestes a
les capes més superficials del colon i pels tipus cel-lulars implicats, aquest model presenta

notables similituds a la UC.

El nombre de cél-lules immunoreactives a 1’OX-6, que reconeix I’MHC II es troba molt
incrementat tant al PM com al PSM de les rates infectades. El nombre de macrofags
infiltrants (ED1 positius) es troba augmentat en ambdos plexes intrinsecs mentre que el
nombre de macrofags residents (ED2 positius) només es troba incrementat al PSM. Els
macrofags infiltrants que es troben intimament relacionats amb el PM 1 expressen ’'MHC
II, podrien estar implicats en la genesi de les alteracions neurals 1 motores observades en

aquest model.

L’expressio de la iNOS es troba augmentada a 1’epiteli inflamat i a I’infiltrat inflamatori

(sobretot macrofags i neutrofils) de la mucosa i la submucosa coloniques. L’increment en
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6)

7)

8)

9)

I’expressio de la iNOS, dona lloc a un augment en la sintesi de NO. La produccio de
quantitats augmentades de NO podria ocasionar alguns dels canvis observats, com ara la
hiperpolaritzacid6 del muscul circular colonic 1 la dismotilitat que trobem en les rates
infectades per T. spiralis. L’augment en 1’expressio de la iNOS, aixi com 1’augment del
nivell d’NO a la mucosa i la submucosa coloniques son trets que també es descriuen en la

fase activa de la UC.

Les contraccions ritmiques espontanies d’elevada amplitud pero baixa freqiiencia (HALF)
es troben disminuides des del dia 2 al 30 PI. A més a més, 1’eliminacié de les capes
mucosa i submucosa comporta un increment significatiu de la motilitat fasica 1 un
manteniment del patré per un interval de temps més perllongat. La mucosa i la submucosa
coloniques participen doncs activament en la supressid progressiva de la motilitat
colonica espontania observada al llarg de 1’experiment, possiblement per 1’alliberament de

mediadors inflamatoris.

La disminucio de la resposta contractil a I’ACh després de la deplecié dels magatzems de
calci intracel-lular és més marcada en animals infectats per T. spiralis que no pas en rates
sham. Aquest fet suggereix que la utilitzacio de calci extracel-lular esta alterada durant la
inflamacid colonica. La resposta a un agent despolaritzant com el clorur potassic també
esta reduida en el colon d’animals colitics, fet que suggereix que la disminucié de la

motilitat i la contractilitat poden deure’s en part a alteracions a nivell post-receptor.

No hi ha una pérdua significativa de neurones per gangli a cap dels plexes intrinsecs del
colon durant la colitis induida per T. spiralis. La immunoreactivitat a la ChAT i TH
tampoc es troben alterades. En canvi, la immunoreactivitat a la calbindina i al CGRP
disminueix transitoriament a dia 6 PI, fet que pot estar relacionat amb alteracions en

I’alliberament de neurotransmissors 1 alteracions en els reflexes intrinsecs.
La immunoreactivitat a la GFAP no es troba alterada durant la colitis induida per T.

spiralis. La GFAP colocalitza amb la iNOS en ambdos plexes intrinsecs colonics de tots

els animals estudiats. Aquest fet suggereix que les cel-lules glials entériques poden tenir

-136-



Conclusions

un paper actiu en la regulacid del SNE 1 pot reflectir la reactivitat d’aquest tipus cel-lular a

la preseéncia de microorganismes a la llum colonica.

10) La reduccio de I’efecte de la TTX sobre la motilitat espontania, i el fet que tant 1’L-
NOARG com I’apamina ocasionin canvis més lleugers en el patrdé de motilitat suggereix
una alteraci6 neural a nivell de plexes intrinsecs durant la colitis malgrat que en aquest

model no hi hagi perdues neuronals demostrables.

11) La disminuci6 de la durada dels IJPs i la menor sensibilitat d’aquests a la preséncia d’L-
NOARG juntament a la reduccié del nombre de neurones immunoreactives a nNOS per
gangli indiquen que durant la colitis hi ha una merma important de la neurotransmissio
nitrérgica. La menor sensibilitat dels [JPs a I’apamina suggereix també una reducci6 del
component inhibitori com I’ATP que utilitza com a efectors els canals de potassi de baixa

conductancia activats per calci.

Finalment, la persisténcia de les alteracions motores més enlla del propi brot inflamatori
suggereix que en la malaltia inflamatoria intestinal humana i en la UC en particular, els fenomens
de dismotilitat poden tenir una dimensi6 molt més greu de la esperada. El model de colitis
induida per T. spiralis es perfila com una eina d’utilitat per a I’estudi dels mecanismes subjacents
a la dismotilitat i I’avaluaci6 d’agents terapcutics especificament dirigits a paliar aquestes

alteracions.
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