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Introduccion

1. ENFERMEDAD INFLAMATORIA CRONICA DEL INTESTINO.
1.1. ASPECTOS GENERALES.

La enfermedad de Crohn (EC) y la colitis ulcer(@&) son enfermedades inflamatorias
intestinales (Ell) de etiologia desconocida y desaucrénico y recurrente, con periodos de
exacerbacién de los sintomas seguidos de intervaé®sso menos prolongados de remision de los

mismos.

Aunque se ha progresado en la caracterizaciom gatbgenia de estas enfermedades, su
causa primaria sigue siendo desconocida. La higogesnérica actual es que la Ell engloba a un
grupo heterogéneo de enfermedades que tienen undestacion final comdn: la presencia de
inflamacioén, y que varios factores genéticos, amthies e inmunoldgicos estan implicados en la

fisiopatologia de estas enfermedades (Podolsky2)200

Tanto la EC como la CU se caracterizan por tratals trastornos inflamatorios del
intestino pero presentan diferencias en cuanto gul® anatomia patolégica y manifestaciones

clinicas se refierelT@bla J).

La EC puede afectar a cualquier segmento debtigastrointestinal, desde la boca hasta el
ano, si bien es mas frecuente en la region ilebd&assull y Cabre, 1994). La inflamacion, de
caracter transmural, se propaga a través de togartd intestinal, favoreciendo la aparicion de
perforaciones, estenosis y fistulas con 6rganoscayes (Gasche, 2000; Levine, 1994). Las
lesiones pueden ser focales (Ulceras aftoides)nesatgrias o difusas (Levine, 1994) y con
frecuencia afecta de forma discontinua y simultamedistintas zonas del aparato digestivo,

separadas entre si por segmentos intactos.

En contraste con la EC, la afectacion de la Clinséa al colon, fundamentalmente a la
region distal (recto/ano), y se extiende progresmate en direccion proximal. La inflamacién afecta
predominantemente a las capas superficiales deatadpintestinal, normalmente mucosa y

submucosa, y se caracteriza por infiltracion derdélos, eosindéfilos y células plasmaticas, con
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formacion frecuente de abscesos de las criptasa@@@bry Riera, 1994; Stenson y McDermott,
1991), consistentes en un acumulo de neutréfilga@htes a las criptas, la necrosis del epitelio, y
la presencia de edema y hemorragia. La mucosa tiengspecto granuloso, consecuencia de la
irregularidad de la inflamacién, y con frecuengiamecen pélipos inflamatorios (Geller, 1994). La
enfermedad suele manifestarse con diarrea, geramnsanguinolenta, acompafiada o no de

sintomas sistémicos: fiebre, malestar generaligeide peso, etc. (Sutherland, 1994).

Tabla 1 Caracteristicas diferenciales entre la EC y la.CU

Desde la boca hasta el ano Recto ++ colon
Afectacion discontinua Afectacion continua
Transmural (afecta a todas las capas del intestino) Implica sélo la mucosa
Diarrea pastosa Diarrea liquida con sangre, moco y pus

Fistulas y estenosis intestinal frecuentes  Fistulas y estenosis intestinal infrecuentes

Anatomia patolégica: Anatomia patoldgica:
Granulomas Abscesos de criptas
Agregados linfoides Deplecién de mucina
Fibrosis Distorsién glandular

En un 10-15% de los pacientes con Ell es imposgiuder establecer un diagnostico
definitvo de CU o EC de colon. La presencia denglamas constituye el Unico caracter
patognomonico de la EC frente a la CU, pero tan séldetectan en un 25% de las biopsias y no son
especificos de ésta, ya que se han observado memiénfermedades como la tuberculosis coldnica

y la esquistosomiasis (Geboes, 1994).

En ambas entidades patolégicas pueden aparecglicaciones de tipo autoinmune que

afecten a 6rganos extraintestinales como las &titunes, el o0jo o la piel y que se presentan hasta



Introduccion

en un 40% de los casos (Lichtman y Balfour Saft®®4). Entre las complicaciones no autoinmunes
cabe destacar la aparicion de episodios tromboeéeoisplanemia y osteoporosis (Gasche, 2000;
Szulc yMeunier, 2001). Ademas, el riesgo de cancer seeimenta de modo acumulativo en los
pacientes de Ell, siendo factores predisponentedutacion de la enfermedad, extension de la
misma, complicaciones extraintestinales y apariciéria enfermedad a edades tempranas; el riesgo
de cancer es superior en pacientes de CU que éRd&tlet al., 2000).

1.2. EPIDEMIOLOGIA.

A pesar de que la incidencia y prevalencia deCayHa CU comienzan a estabilizarse en
areas de alta incidencia, son 2,2 y 1,4 millonespdesonas, en Europa y Estados Unidos

respectivamente, los que sufren estas enfermedaniitiss, 2004).

En general, las tasas mas altas de incidenciawalgmcia tanto para la EC como la CU se
han descrito en el norte de Europa, Reino Unidooytddmérica, que son regiones geograficas
asociadas histéricamente con la Ell. Sin embargisfeeuna incidencia y prevalencia crecientes en
otras areas como el sur y centro de Europa, Adiaaly Latinoamérica, indicando que la Ell es un

proceso dinamico (Loftus, 2004).

La frecuencia de la enfermedad se encuentra mflada por una serie de factores

demograficos como son el género, la edad o lasetiteas étnicas.

En la incidencia de la Ell parece existir una lelferencia entre géneros. En general, se
encuentra un ligero predominio de la EC en la mw@ganque en ciertas areas de baja incidencia es
mas frecuente en el varén. Este predominio, edpeside entre mujeres en la adolescencia tardia y
la edad adulta temprana, sugiere que los factanesdnales pueden jugar un papel importante en la
expresion de la enfermedad. Por otra parte, steexsigin tipo de influencia del sexo en la CU,

parece ser que afecta al varén (Logtial, 2000).

Clasicamente se ha mostrado una distribucién baindel la incidencia de la Ell en cuanto
a la edad (es decir, un primer pico de incidenp@rece entre la segunda y tercera décadas de la
vida, seguido por un segundo pico menor en dégaakteriores). La EC y la CU normalmente son
diagnosticadas en la adolescencia tardia y la adatta temprana, aunque el diagndstico puede

realizarse a todas las edades. Asi, el pico ddancia maximo para la EC se encuentra entre los 15-
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30 afios, mientras que para la CU es, en generél,ad&0 afios mas tardio que el asociado a la EC

(Bjornsson y Johannsson, 2000; Lofeasl, 2000).

Teniendo en cuenta que hay que interpretar comancautela los datos epidemiolégicos de
gue se dispone, parece claro que la Ell es maaeinée en individuos de raza blanca. La Ell es
inusual en los individuos de raza negra, asi comlo® hispanoamericanos y asiaticos, sin embargo
es previsible que con la progresiva culturizaciéadguisicion de habitos occidentales por parte de
estos grupos de poblacion, las cifras de incideteill se aproximen, en algunos casos, a lassde lo
individuos de raza blanca. Finalmente, numerostisdies reflejan un aumento en el riesgo de
padecer Ell en sujetos de etnia judia. La CU esveees y la EC hasta seis veces mas frecuente en

judios que en el resto de la poblacidn en sus nsigmreas (Rotbt al, 1989).

1.3. ETIOLOGIA.

La etiologia de estas enfermedades continla siéesimonocida, aunque se propone que se
trataria de una respuesta inmunitaria incontrolidate a un estimulo no identificado en la

actualidad que se desarrolla en un individuo geagtente predispuestBigura 1).

E )

I T 1

GENETICOS AMBIENTALES INMUNOLOGICOS
[ TABACO ]74[ DIETA J
[ FARMACOS ]74[ ESTILO DE VIDA J
[MICROORGANISMOS]—

Figura 1. Componentes implicados en la etiopatogénesia &l |
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1.3.1. Factores genéticos.

Son muchas las evidencias de la contribucion slgémes en la Ell. Asi, los familiares en
primer grado de individuos afectados por Ell mwastun riesgo 25-50 y 10-20 veces mayor de
desarrollar EC y CU, respectivamente, comparadoda@oblacién general. Ademas, los parientes
afectados de una misma familia presentan propaside concordancia del 80% a edades similares
para el sitio especifico de afectacién, comportatoig manifestaciones extraintestinales (Zheng
al., 2003). Estudios realizados en gemelos muestrarconcordancia de un 20-44% en univitelinos
y 3,8-6,5% en bivitelinos para la EC; el porcentigeconcordancia para la CU es de 6-16% y 3%,

respectivamente (Thompsenhal, 1996).

Varios grupos de investigadores han identificalaonanos 7 loci i6flammatory bowel
diseasel-7, IBD1-7) en los cromosomas que se relacionengenes de susceptibilidad, centrdndose
en las mutaciones de los genes NOD2/CARDih&acellular nucleotide oligomeration domain
2/caspase recruitment domain)1l%lel MHC-II (complejo mayor de histocompatibildifl), de
citocinas, de receptores de citocinas y de moléaddaadhesion (Duerr, 2003; Sartor, 2003; Zheng
et al, 2003) Figura 2). Algunos loci han mostrado ser especificos pai@U (como IBD2) (Bonen
y Cho, 2003) o para EC (como IBD1) (Cho, 2001; 2008ientras que otros confieren una

susceptibilidad com(n a ambas.

El gen NOD2/CARD15 se encuentra localizado err@nosoma 16g12 (IBD1) (Huget
al., 1996), y tres de sus variantes confieren 15-28@%iesgo para la EC (Cho, 2001; Cho, 2003).
Ademas, la presencia de un alelo de riesgo NOR&seia con el fenotipo fibrosante obstructivo de
la EC (Sartor, 2003), con la enfermedad ileal y womebut temprano de la enfermedad (Cho, 2003;
Gascheet al, 2003).

Este gen se expresa principalmente en las céinfasnitarias de la linea monocitica
(monocitos, macréfagos y células dendriticas), perabién, aunque en niveles bajos, en los
granulocitos y algunos linfocitos (Gutierrez al, 2002; Oguraet al, 2001) tanto de la lamina
propia intestinal como de sangre periférica (Baretlal, 2003). Existen evidencias de su expresion,
en bajas cantidades, en células epiteliales, sidrattemente inducida por estimulos inflamatorios,

incluidos algunos componentes bacterianos (Beakeal, 2003, Rosenstigt al, 2003). De hecho,
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su expresion epitelial es mas marcada en las sélldaPaneth, células epiteliales intestinales con

funciones de defensa frente a patdgenos entétiedmset al, 2003).

La proteina NOD2/CARD15, es una proteina citosd(Berrebiet al, 2003; Ogura teal.
2001) cuya activacién por componentes bacterianoduge un cambio conformacional, haciendo
exponer ciertos dominios que se asociarian a pasefuinasas especificas (Chamaillatdal.,
2003; Rosenstieét al, 2003). Este complejo proteico, a su vez, adavéambién al factor de
transcripcion nucleacB (nuclear factorxB, NF«B), factor que promueve la liberacion de citocinas

proinflamatorias (Inoharet al, 1999; Inoharat al, 2002; Ogurat al, 2001).(Figura 2)

Componente
ACTERI bacteriano

NUCLEO
T

Figura 2. Influencia de la proteina NOD2/CARD15 en la EHs bacterias o sus componentes
celulares penetran en macréfagos o células eplediay se unen a la proteina, que a su vez activa
al factor de transcripcion NkB. p50/p65: forma activa del NkB; IxB: proteina inhibidora del
NF-xB; IKK: kinasa del kB.
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Muy recientemente, han sido identificados dos osegenes asociados con la EC. El
primero de ellos se encuentra localizado en el osmma 5 y codifica para el transportador de
cationes organicos, OCTN, y sus mutaciones afeatda capacidad de los transportadores para
bombear xenobidticos y aminoacidos a través denkmbranas celulares (Peltekataal, 2004).

En el cromosoma 10 se encuentra el segundo gele eh miembro de la familia de la guanilato
quinasa, DLG5, cuya mutacién dificulta la capacidedDLG5 para mantener la polaridad en la
célula epitelial (Stollet al, 2004). Ambos genes pueden ser importantes guedmeabilidad

epitelial, y un fallo en su funcién podria provocama exposicion inapropiada del sistema

inmunitario de la mucosa a productos bacterianos.
1.3.2. Factores ambientales.

Es evidente la influencia de factores ambientatesl desarrollo de la Ell dado el gran
incremento de la incidencia, tanto de la EC comdéadeU, durante la segunda mitad del siglo XX
como consecuencia de profundos cambios en el éstildda en los paises desarrollados. Este hecho
se ve reforzado por el aumento de estas patolegidss paises en vias de desarrollo que han
adquirido habitos occidentales. De acuerdo colaiadda “hipotesis de la higiene”, se ha producido
un cambio fundamental desde un estilo de vida t8umdbn una alta exposicién a microbios, a un
estilo de vida “limpio” con una exposicion baja atas (Wills-Karpet al, 2001). Cambios
ambientales tales como una mejor vivienda y ndinicalimentos y agua mas seguros, una mejora
en la higiene y la sanidad, y el uso extendido dgbidticos, han conducido a un descenso
progresivo de las enfermedades infecciosas, auagegpensas de un aumento paralelo de las
enfermedades alérgicas y autoinmunes, incluidadsday CU, como resultado de un desarrollo

reducido del sistema inmunitario en edades tempréBach, 2002).

El hecho de que se hayan observado cambios ecitkencia de la Ell en las poblaciones
con idéntica etnia que viven en lugares diferenjgsto con la falta de concordancia absoluta
existente entre gemelos monozigéticos respecto enfermedad, refuerza la importancia de los

factores ambientales en la patogenia de la Ellicadn

Son numerosos los factores ambientales reconocolo® de riesgo para la Ell: tabaco,

dieta, farmacos, el estrés y microorganismos (Daeitesl, 2004).
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1.3.2.1. Tabaco.

El mejor ejemplo de la influencia del ambientdaEkll es el consumo de tabaco. El tabaco
presenta un llamativo efecto contrario en la EGYCU, apoyando la idea de que son distintos
mecanismos los implicados en la patogénesis de fcaie de Ell (Thomast al, 1998a). Es un
importante factor de riesgo para la EC, aumentdadioecuencia de recidivas y la necesidad de
cirugia, y cuya interrupcién en su consumo mejdraueso de la enfermedad (Rubin y Hanauer,
2000). Por el contrario, el hecho de que los péesede CU son con frecuencia no fumadores, y que
el dejar de fumar aumenta el riesgo de desarradloCtl, sugiere su papel protector en esta
enfermedad (Bridgest al., 2002).

Los mecanismos de este efecto diferencial dettaba la EC y la CU aldn no estan claros,
aunque si se ha comprobado que el tabaco afedtadda inmunidad sistémica como a la de la
mucosa intestinal, alterando numerosas funcionewnmlégicas tanto innatas como adquiridas
(Sopori, 2002): altera la relacion entre célulasolaboradoras (THelpe) y T supresoras, reduce la
proliferacion de células T, modula la apoptosisgigminuye significativamente los niveles de
inmunoglobulinas en suero y mucosas. Ademas, peovocincremento en la produccion colénica
de moco (Copet al, 1986), alteraciones en el flujo sanguineo (Stanaet al, 1990) y, al igual

que la nicotina, una reduccion de la motilidad na@a (Coulieet al, 2001).

Es sabido que el consumo de tabaco puede genprakirmadamente unos 4.000
compuestos; cualquiera de ellos podria tener agsitwnlégicas responsables de su accién en la
genésis o el mantenimiento de enfermedad, aungpeobable que la nicotina sea el agente activo
mas importante. A este respecto, la nicotina tramsita muestra un efecto beneficioso en pacientes
con CU (Guslandi y Tittobello, 1996; Pullat al, 1994). En distintos modelos experimentales de
colitis, se observa cémo tras la administracion rieotina el proceso inflamatorio mejora,
coincidiendo con una disminucién local de la comwmmon de varias de las citocinas
proinflamatorias (Agrawal y Rhodes, 2003). Por gaate, la nicotina podria ser perjudicial en la

EC a través de la contribucién al estado de higgynalacion presente en esta condicion.

10
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1.3.2.2. Factores dietéticos

Dado que la Ell se trata de una patologia diges#s logica la posibilidad de que pudiera
haber productos de la dieta implicados en su patag&in embargo, son pocos los datos objetivos
contundentes, principalmente porque proporciondo sda evidencia indirecta de la posible
relacidn causa-efecto entre factores dietéticosafpos y Ell. Se ha sugerido que, en la EC, agert
alimentos podrian actuar como antigenos, con urtcefdesencadenante de la sintomatologia. En
este sentido, se han utilizado con fines terapgsitdietas de exclusion en las que los pacientes
evitan comer los alimentos supuestamente culpaliis/a maniobra terapéutica tiene efectos
positivos en un pequefio porcentaje de enfermosegleinal, 1985); sin embargo, no se ha
demostrado que, después de lograda la remisiéa daférmedad mediante este planteamiento, la
reintroduccién de los alimentos excluidos induzoa tecaida. No obstante, teniendo en cuenta que
la mayor incidencia de Ell se puede asociar corcémabios en los habitos de vida (incluidos los
dietéticos) que conlleva el bienestar econémicdodepaises occidentales, y que el intestino es la
principal localizacion del proceso inflamatorioriaemuy probable que algunos nutrientes presentes
en la luz intestinal pudieran actuar como antigenagie incluso pudieran influir en los mecanismos
inmunitarios y reparadores de la mucosa intestldalestudio en el cual se determiné el flujo de
sangre rectal y la proliferacion de linfocitos tfasexposicién a productos alimenticios especificos
demostré sensibilizacién a algunos antigenos die&en pacientes con EC (Van Den Bogaetde
al., 2002).

Estudios dirigidos a establecer una relacion dass&re dieta y Ell hacen frente a
dificultades importantes, como definir la verdadesenposicién de cada dieta. A pesar de todo ello,
se ha sugerido que el consumo de azucar refinaglbepger un factor de riesgo para la EC, pero no
para la CU (Sonnenberg, 1988); el consumo de drassdo asociado con la aparicion de CU. El
consumo de fruta, vegetales y fibra parece descexidéesgo de Ell (Reiét al, 1997). Ademas
esta relacion entre dieta y Ell esta apoyada pdepkficio en la EC de dietas elementales tanto
como terapia primaria como adyuvante, aunque eimakyestudios este planteamiento fue menos
efectivo que las terapias convencionales, comaades o aminosalicilatos (Lochet al, 1991).
Finalmente, algunas deficiencias nutricionales puoedstar ligadas a una disfuncién del sistema

inmunitario, hecho que favoreceria la aparicionaiuso agravaria la Ell.
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1.3.2.3. Farmacos.

Los anticonceptivos orales y los antiinflamatorius esteroidicos (AINEs) son los dos
principales grupos de farmacos que han sido mejtudmdos acerca de la posible relacién

etiolégica entre su uso y el mayor riesgo de debarida enfermedad.

En un meta-andlisis realizado por Godetl. (1995) parecia confirmarse una asociacion
epidemiolégica entre el uso de anticonceptivosesral la Ell, algo mas intensa en la EC (riesgo
relativo de 1,44) que en la CU (riesgo relativoldg®9). Las conclusiones de este estudio se vieron
reforzadas en un trabajo multicéntrico italiano Imallo posteriormente (Corraet al 1998),
demostrando ademas que el riesgo era significaiméarmayor en las pacientes que los continuaban

utilizando frente a las que ya habian abandonadescu

Ha sido motivo de controversia el hecho de snlageres que usan anticonceptivos orales
presentan una peor evolucion clinica de la Ell. &nsSconceptivos orales a bajas dosis no afectan
significativamente a la actividad clinica de la enfedad, al menos en EC. Sin embargo,
considerando el estado de hipercoagulacion presamtéa Ell activa, el uso concomitante de
anticonceptivos orales puede agravar el riesgaaeepos tromboembdlicos, aunque son necesarios
datos definitivos relacionando estos factores gadf 1999). Por otra parte, si bien se habia slgeri
que los anticonceptivos podrian afectar a la ewdtuce la Ell a través de estos mecanismos
trombogénicos, no se pueden descartar otros efectmminomoduladores, como algunos
relacionados con la supresién del factor de trgmsén NFB que estdn empezando a describirse
recientemente (Evaret al, 2001), y podrian variar segun el tipo y dosifiéa del farmaco. Estos
efectos inmunomoduladores podrian producirse, asleotd dosis inferiores o ser especificos de

determinadas formas moleculares.

La situacion es menos ambigua en el caso de INE®#I porque su uso esta claramente
asociado con un mayor riesgo de Ell. Pacientes |HerEremision clinica pueden recaer tras la
administracion de AINEs (Evanst al, 1997; Hanauer y Sandborn, 2001). Sin embargo,
recientemente se ha publicado un estudio retraspeeh el cual se sugiere que, en general, los
inhibidores de la ciclooxigenasa-2 (COX-2) son segen los pacientes con Ell (Mahadeeasl.,
2002).
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1.3.2.4. Estrés.

Son importantes las evidencias que asocian @sgtla enfermedad (CU), probablemente
relacionado con el deterioro de la respuesta intdgiea (Herbert y Cohen, 1993). A pesar de que
esta creencia es popular entre aquellos que pa@&eenCU, es mas probable que el estrés module
las manifestaciones de la enfermedad mas que sdactior iniciador. Observaciones clinicas,
modelos experimentales de colitis, y estudios trasciones neuroinmunoldgicas en animales de

laboratorio han demostrado que el estrés puedgagehcurso de la Ell (Collins, 2001).

La duracién del estrés puede también ser impertgatque el riesgo de exacerbacion de la
actividad clinica de la enfermedad parece estaciadm con un estado de estrés prolongado
(Levensteiret al, 2000). Esta relacién presenta semejanzas cdicdtt®n-top tamarins”, primates
gue viven en la jungla tropical de Sudamérica y desarrollan colitis espontanea tipo CU sélo
cuando se mantienen en cautividad en climas mas &ilargo plazo (Maundet al, 2000). Alun
son desconocidos los mecanismos especificos quawexp la exacerbacion de la enfermedad
inducida por estrés, aunque probablemente estécadpl una compleja interaccion entre factores

nerviosos, endocrinos e inmunes (Hart y Kamm, 2002)
1.3.2.5. Factores microbianos.

Durante muchos afios se ha tratado de estableaerelation entre un agente infeccioso
especifico y la Ell sin obtener resultados conalige. Sin embargo, actualmente es cada vez mas
importante el papel que se le atribuye a la flot@stinal comensal en el desarrollo de estas

patologias.
Agentes infecciosos especificos

Los agentes infecciosos especificos de tipo mianab que se han propuesto como
responsables de la EC y la CU son muy variallisteria monocytogenes, Chlamydia tracomatis,
Escherichia coli, Mycobacterium paratuberculos papel etiolégico de éste Ultimo en la EC ha
sido centro de gran controversia, ya que esta fiaate el agente causante de la enfermedad de
Johne, una ileitis granulomatosa crénica en rumsarque se asemeja mucho a la BC.

paratuberculosisfue inicialmente aislado de varios tejidos con Ehiodini et al, 1984), sin
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embargo en estudios posteriores se intentdé culteste microorganismo, buscar secuencias
especificas de ADN en tejidos intestinales o maxiicuerpos en suero frente al mismo, alcanzando
resultados conflictivos 0 no concluyentes. Adendéstjntos ensayos han determinado una falta de

efecto terapéutico de la terapia antituberculospagrentes con EC (Thomastal, 1998b).

Una etiologia viral también ha sido propuesta cdmoausa de Ell, en particular para la

EC. La presencia de particulas semejantes a pargimis en granolumas endoteliales de EC
sugiere que esta enfermedad podria ser debida mascalitis cronica causada por la persistencia
del virus del sarampion en la mucosa (Wakeféldl, 1993). Como apoyo a esta hipétesis, algunos
datos epidemioldgicos y seroldgicos establecierm asociacion entre el sarampién perinatal y la
predisposicion a la EC (Ekboet al, 1996). Sin embargo estas observaciones preligsnao

fueron confirmadas por estudios posteriores (Figteal, 1997). El descenso progresivo de la
infeccion por el virus del sarampion en las Ultindggadas con el incremento de EC durante el

mismo periodo de tiempo, habla en contra de unl gipédgico del sarampion en la EC.

La hipotesis de que la vacunacion del sarampié@s, quie la propia infeccion, puede ser un
factor de riesgo para la EC también fue sugeriéap gle nuevo estudios posteriores no logran

confirmar esta asociacién (Ghostal, 2001).
Flora intestinal comensal

Antes del nacimiento, el tracto gastrointestirsaéstéril, y durante el nacimiento se produce
la primera exposicién microbiana por la flora fegakginal de la madre. Durante los meses después
del nacimiento, se establece una flora comensables{Fanaret al, 2003). La diversa microflora
intestinal establece una relacién simbidtica candélulas epiteliales de la mucosa. Las células
bacterianas se benefician en el intestino de urstante fluido de nutrientes, de la temperatura
estable y de un nicho para vivir. De igual maneldospedador se beneficia de las bacterias por su
capacidad de sintetizar vitamina K, obtener enedgidos nutrientes no absorbidos en forma de
acidos grasos de cadena corta (AGCC), inhibiregiotiento de patégenos y mantener la integridad
y homeostasis inmunolégica en la mucosa. De hdwhnp estudios en animales libres de gérmenes
gue revelan que la ausencia de microflora intdstmavoca alteraciones significativas en la

estructura y funcion intestinal, como reducciénvik, criptas poco profundas, bajo recuento de
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leucocitos (Sharmat al, 1995; Szentkutet al, 1990), reduccion del nimero y densidad de las
placas de Peyer (Maed# al, 2001) y una disminucién de la estimulacion demigracion de

complejos motores (Husebgeal, 2001).

En su convivencia con las bacterias, los vertelwadlesarrollan receptores de
reconocimiento de indicadores especificos de hastehongos y virus que no se encuentran en
eucariotas (lipopolisacaridos, peptidoglucano, plijgé muramilo, flagelinas...). Estos receptores
incluyen los TLR (oll-like recepto) y los NOD (dominios de oligomerizaciéon de uniéa d
nucleétidos), que son imprescindibles para el anide la respuesta inmunitaria innata y cuya
activacion genera unas cascadas de sefializacionagalean en la produccion de citocinas
proinflamatorias. Las cascadas de sefializaciéTdRl proporcionan un enlace entre la respuesta
inmunoldégica innata y adaptativa, ya que la pringgaba en maduracién de células dendriticas, las
cuales activan la respuesta inmunolégica adaptétesizhitov, 2001). Aunque la estimulacién de
estos receptores se traduzca en una producciditodaas proinflamatorias, son también esenciales
en la adaptacion de las bacterias intestinalesnaetenimiento de la homeostasis (Sansonetti 2004).
Una de las caracteristicas mas importantes defa 8omensal es su incapacidad de atravesar la
barrera epitelial, y si alguna de las bacteria®epanson fagocitadas rapidamente por la respuesta
inmunoldgica innata de la mucosa del individuo s@vacphersoret al, 2000). El objetivo de la
respuesta inmunoldgica de la mucosa es mantenéovldeancia a estas bacterias intestinales,

resultando lo contrario en efectos perjudiciales gh hospedador.

En la actualidad se sabe que las bacterias imadsssiinfluyen en el inicio y perpetuaciéon de
la Ell. La teoria actual sobre el desarrollo dEllacomprende una respuesta inmunitaria exacerbada
hacia la microflora comensal en individuos genétieate susceptibles (Bamiat al, 2005),
hipétesis sustentada por distintas observaciomesndyor inflamacion se produce en areas con
mayor densidad de bacterias intestinales, el usantibiéticos mejora la inflamacion intestinal
cronica, y la desviacion quirdrgica del flujo fepalede prevenir la recurrencia de la enfermedad de
Crohn. En pacientes con Ell se ha observado quealeterias adherentes con capacidad de penetrar
en la mucosa, comBacteroidesssp,Escherichia coliy Enterobacteriumson mas abundantes en
comparacion con los sujetos sanos (Swidsieskal, 2002; Seksiket al, 2003) Figura 3). El

sobrecrecimiento bacteriano y la disbiosis se asotambién con el desarrollo de pouchitis,
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consistente en la inflamacion del ileo como consecia de una colectomia en pacientes con colitis
ulcerosa (CU) (Ruseler-van Embdetral, 1994).

Dieta

Estrés

Antibiéticos

Prebitticos Bifidobacterium spp.

. . Streptococcus salivarius
Bacteroides spp. In.felc0|on Saccharomyces boulardii
Enterococcus faecalis Higiene Clostridium butyricum
Enterobacter cloacae Ruminococci
Helicobacter ssp. intestinal l I E. Coli Nissle 1917
Fusobactreium spp.

E.Coli invasivo/adherente
Eubacterium y
Peptostreptococcus spp.

Figura 3. Balance microbiano y disbiosis. En la enfermenfdldmatoria intestinal, las bacterias
luminales desencadenan una respuesta inmunolégicamal. El equilibrio entre las bacterias
beneficiosas y las agresivas regula la homeostasis inflamacion cronica, influenciado éste por

diferentes factores genéticos y ambientales (Ewmadsg Dieleman, 2006)

La hipétesis de que la flora normal de algin maglacibne como un modulador de la
“inflamacion fisiolégica’ ha sido consolidada paslobservaciones de Duchmaginal (1995;
1999) que han demostrado que las células monomeslda la mucosa de pacientes con Ell, pero no
de la sangre periférica, proliferan cuando son eg@s a bacterias intestinales autélogas. Por el
contrario, células de mucosa no afectada de esgraas pacientes o de pacientes en remisién no
proliferan frente a la flora Ell autdloga. Estoiralque existe una pérdida de tolerancia durante la

inflamacion (Duchmanet al, 1995).
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Probablemente el hecho mas convincente es queraaylaria de los modelos animales de
Ell la inflamacioén intestinal no se desarrolla a@anson mantenidos en un ambiente libre de
gérmenes, como fue demostrado inicialmente en tatasgénicas HLA-B27 (Taurags al, 1994).
Esta observacién ha conducido al ampliamente agepgtaradigma “no bacteria, no colitis”. La
causa de una respuesta “anormal”’ a bacteriasimaést “normales” en la Ell no esta clara, pero el
descubrimiento reciente de que la EC esta asogedéticamente con mutaciones del gen NOD2,
cuyo producto son proteinas reconocedoras de Etapunta a una relacion entre la inflamacion

intestinal y el reconocimiento bacteriano (Girareliral, 2003).

Por tanto, la asociacion entre la microflora itited y el desarrollo de la Ell ha conducido
a la abundancia de estudios que investigan el paleterapéutico de la alteracion de bacterias

luminales con el uso de probiéticos.
2. PROBIOTICOS EN LA ENFERMEDAD INFLAMATORIA INTESTINA L
2.1. CARACTERISTICAS Y CONCEPTO DE PROBIOTICO

En los Ultimos afios, la progresiva comprensiotagestrechas relaciones entre nutricion y
salud ha permitido conocer el papel de ciertoseaitos (0 de algunos de sus componentes) en la
mejora de la salud y/o en la reduccion del riesgenfermedad de los consumidores, mas alla de los
efectos atribuibles a su valor estrictamente rutritEsto ha favorecido el desarrollo de alimentos

con un valor afladido para el consumidor, conocigogeneral, como “alimentos funcionales”.

En Europa, el término “alimento funcional” no estkramente delimitado por una
definicion legal. No obstante, Goldberg (1994) mappesto un concepto ampliamente aceptada
hasta la fecha. Para este autor seria cualquieeaio que tenga un impacto positivo, y diferenciado
de su valor nutritivo, sobre la salud de un indiaid Se trataria de un alimento natural, o
desarrollado a partir de ingredientes naturales, sgI consumiria como parte de la dieta y que
desempenfiaria una funcioén concreta en procesosctaies la mejora de los mecanismos bioldgicos
de defensa frente a agentes nocivos, la preveded@nfermedades o el retraso del envejecimiento.
En este contexto, los alimentos que contienen migemismos probidticos pueden considerarse

como alimentos funcionales.
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La modulacion de la microbiota intestinal para om&j la salud se ha efectuado
empiricamente desde tiempos ancestrales, existigstimas del empleo de leche fermentada para el
tratamiento de infecciones gastrointestinales yaleafio 76 a. C. No obstante, no fue hasta el siglo
XX cuando se empezd a sugerir que la Humanidadétm tsbia hecho uso inadvertido de una
multitud de microorganismos para la elaboraciéncgieservacion de numerosos alimentos, sino que
ademas existian algunas bacterias que ejerciartogfdmeneficiosos para la salud de los
hospedadores que las consumian. En 1906, Cohemdy attministrar leche fermentada por
Lactobacillus bulgaricus (actualmente Lb. delbrueckii subsp. bulgaricug a pacientes con
alteraciones en sus “fermentaciones intestinalelervé una notable mejoria tras 8-12 dias de
tratamiento. Paralelamente, Tissier no sé6lo habgubierto la existencia de bifidobacterias en el
tracto intestinal de lactantes alimentados exchmainte con leche materna, sino que habia
demostrado los beneficios clinicos derivados dedalulacion de la microbiota intestinal de nifios

con infecciones intestinales.

Un afio después, el premio Nobel Elie Metchniketblicé un libro con una gran influencia
en la comunidad cientificrolongation of Lifeen él que postulaba que el consumo de las bacterias
que intervenian en la fermentacion del yogur cbatan al mantenimiento de la salud mediante la
supresion de las “fermentaciones de tipo putrefattie la microbiota intestinal y que ésta era la
causa de la longevidad de los campesinos bulggrasdes consumidores de yogur. En 1909, Isaac
Carasso fundd su primer establecimiento de yog@BEmone) en Barcelona, contribuyendo
decisivamente al prestigio de un producto que deraarias décadas sélo se podia adquirir en
farmacias y que se empleaba para prevenir o alitr@stornos tan diversos como diarrea,
estrefiimiento, dispepsia, colitis mucosa, colitisetativa crénica, disbiosis por antibioterapia,
cistitis o dermatitis. Desde entonces, se han desgrcomercializado numerosas bacterias con

propiedades probidticas.

Posiblemente, el término “probiético” fue emplegulr primera vez por Vergio en 1954,
cuando comparaba los efectos advers@ntiotikd’) que los antibidticos ejercian sobre la
microbiota intestinal con las acciones beneficiqspsobiotikd’) ejercidas por otros factores que no
pudo determinar. Una década mas tarde, Lilly ywv@&tll (1965) se referian a los probiéticos como
microorganismos que promovian el crecimiento desomicroorganismos. Fuller (1989) redefinid

probiéticos como “aquellos suplementos alimentiditegrados por microorganismos vivos que
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afectan beneficiosamente al hospedador que losunenamediante la mejora de su equilibrio
microbiano intestinal’. Mas recientemente, la OMS ha definido como “organismos vivos que
ingeridos a dosis definidas ejercen efectos bepefis para la salud”. Esta Ultima definicion es mas
amplia y tiene en cuenta los resultados de re@antestigaciones que demuestran la existencia de

efectos probidticos que no se restringen al anmibiwstinal (http://www.who.int/foodsafétyMas

recientemente, se ha propuesto que las bacteaasvimdas o alguno de sus componentes celulares
también pueden ejercer ciertos efectos benefici@omue no al nivel de las células vivas (Isolauri
et al, 2002; Ouwehand y Salminen, 1998).

Entre los microorganismos considerados como prigb®t las bacterias lacticas y las
bifidobacterias ocupan el lugar mas destacado, f@enbién se utilizan con este fin bacterias que
pertenecen a otros géneros, cobBucherichia coliy Bacillus cereusy levaduras, principalmente
Saccharomyces cerevisigBhortt, 1998; Vaughaet al, 2002). Dentro de las bacterias lacticas, se
incluyen los génerosLactobacillus, Leuconostoc, Pediococcus, LactocsccEnterococcus,
Streptococcus, Vagococcus, Weissela, Oenococcuspolitm, Alloicoccus, Aerococcus,
Tetragenoccus y CarnobacteriufiHolzapfel y Wood, 1995; Schleifer y Ludwig, 199%s cuales
son bacilos o cocos Gram-positivos, generalmerttdasa negativos, no esporulados, inmoviles, y
productores de acido lactico como principal produfinal de su metabolismo. El género
Bifidobacteriumno esta relacionado filogenéticamente con lasebastlacticas pero comparte con

ellas diversas propiedades fisioldgicas, bioquimicacoldgicas (Aguirre y Collins, 1993).

Para que las cepas potencialmente probidticasapuefercer sus efectos beneficiosos
deben ser capaces de resistir las condiciones atalgis existentes durante el transito por el aparat
digestivo y de colonizar el tracto gastrointestifara su estudio, se ha recurrido tanto a métados
vitro como a método@ vivo, los cuales han sido contradictorios en algunasiones (Mattila-
Sandholmet al, 1999). En cualquier caso, la capacidad de lobigticos para sobrevivir a las
condiciones gastrointestinales es una caracteriggpecifica de cepa (Chartees al, 1998a;
1998b; Xanthopoulost al, 2000; Zaratet al, 2000; Zavagliat al, 1998).

La concentracién de probioticos viables que dédgat al intestino para obtener un efecto
beneficioso es de aproximadamerf®® CFU/ml en el intestino delgadox10° ufc/g en el colon

(Marteau y Shanahan, 2003). Para establecerse chaimtante permanente del tracto
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gastrointestinal, deben adherirse a las célulaslighés intestinales o a la capa de mucus, siehdo
primer paso en la colonizacién, y que muchos asttoeconsideran como un prerrequisito para

ejercer efectos beneficiosos en el hospedador.

Finalmente, cabe decir que la seguridad de losluastos actuales es excelente, pero
tedricamente, los probidticos, al ser organismessyipueden ser responsables de diversos efectos
secundarios en individuos susceptibles (VIH, trasaldos, post quirlrgicos...): infecciones por
desplazamiento bacteriano intestino-sangre; efen&iabodlicos indeseables como desconjugacion y
deshidroxilacion de sales biliares, excesiva edéioidn inmunitaria y transferencia de genes como

por ejemplo de resistencia a antibioticos.

2.2. EFECTOS DE LOS PROBIOTICOS EN LA ENFERMEDAD INFLAMATORIA
INTESTINAL EN HUMANOS

En la actualidad, el uso de probidticos se haiadoccon un gran nimero de efectos
beneficiosos en humanos, muchos de ellos estabtedd forma empirica, como la mejora de la
intolerancia a la lactosa, la modulacion del sisteammunitario, la reduccién de la
hipercolesterolemia y la proteccion frente a en@mlades infecciosas, inflamatorias y alérgicas
(Gill, 2003). Sin embargo, no se debe asumir, quabog los probiodticos posean las mismas
propiedades beneficiosas. De igual manera, cuaadudscribe un efecto beneficioso a una cepa,
este no se puede extrapolar a las restantes cepgasrisma especie. Incluso el efecto que una cepa

puede presentar depende de las condiciones depdeceym muy particularmente, de la dosis.

Los resultados obtenidos de varios estudios amsngl diversos ensayos clinicos con
probiéticos en la enfermedad inflamatoria intedtisan bastante prometedores. Estos estudios
muestran la capacidad de los probiéticos de prevasirecaidas de la enfermedad inflamatoria
intestinal, incluso algunos tienen actividad solaréEll activa (Fedorak y Madsen, 2004; Sartor,

2004). Sin embargo aun hacen falta mas ensayosgegiiguen su actividad.
2.2.1. Colitis ulcerosa.
El primer estudio que se realiz6 con un pequeiioena de pacientes evalué la actividad de

E. coli Nissle 1917 en comparacién con dosis bajas de lameise, mostrando que el cociente
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remisién/recaidas en el caso del probiotico fuel®&b/67% frente al 11%/73% de la mesalamina
(Kruis et al, 1997). Kruiset al (2004), ampliaron estos estudios valorando latiefdad de una
preparacién oral dE. coli Nissle 1917 frente a mesalamina en un estudicedtibjo aleatorizado
con 327 pacientes durante 12 meses, obteniend®m gesultado que no habia diferencias
significativas entre los dos grupos, siendo el vdolas recaidas del 36,4% para el probiéticeely d
33,9% para el caso de la mesalamina. Recientemémtepet al (2006), estudiaron la eficacia de
la asociacion del probidticb. rhamnosusGG con mesalamina en el mantenimiento de la rémisi
de la colitis ulcerosa en comparacion con mesakamsata, no obteniendo diferencias en el nUmero
de recaidas después de 6 y de 12 meses. Sin @mnbiasg obtuvieron diferencias en el tiempo de
remision (P<0,05). Otro estudio con una mezclardbipticos denominado VSL#3* demostré que

15 de 20 pacientes no sufrieron recaidas duraaf® {Venturiet al, 1999).

La eficacia del tratamiento probiético en la dsliticerosa activa también se evalué
mediante un estudio que demuestra la equivalemtia E. coli Nissle 1917 y mesalamina en la
induccion de la remisién de la CU (Rembaclegral, 1999). Ishiwakat al (2003) probaron la
actividad de una leche fermentada difidobacteriumen el tratamiento de la colitis ulcerosa
durante 1 afio, observandose después del mismoxanarbacion de los sintomas en solo 3 de 11
pacientes tratados con la leche en comparacio® aen10 del grupo control (P=0,01). Sin embargo
no se observaron diferencias en el indice detlwidad endoscopica de la enfermedad. Después se
realizé otro estudio usando un placebo como corwalla leche fermentada c@&ifidobacterium
durante dos semanas en pacientes con colitis skzeagtiva, en el que se redujo de manera
significativa tanto el dafio histoldgico como eligedde la actividad endoscépica de la enfermedad

en comparacioén con el placebo (Katal, 2004).

*VSL#3: mezcla probidtica compuesta pokactobacillus casei, Lactubacillus plantarum,
Lactobacillus acidophilus, Lactobacillus delbrudclsisp. bulgaricus, Bifidobacterium longum,

Bifidobacterium breveg Bifidobacterium infantis.
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Tabla 2.Efectos de los probi6ticos en la induccion de laison de la colitis ulcerosa

Katoet al 2004

Rembackeret al.

1999

Bibiloni et al.
2005

Ishikawaet al.
2003

Borodyet al
2003

DC, A C

DC, A, C

Abierto

AC

Enema fecal

Leche fermentada

Bifidobacterium

E. coliNissle 1917
(10" CFU)

VSL#3 (3,6*16 CFU)
Leche fermentada con
Lactobacillusy

Bifidobacterium

Enema fecal

DC: doble ciego; A: aleatorizado; C: controlado.
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Placebo

Mesalamina

Ninguno

Placebo

Ninguno

Reduccion indice de actividad
de CU

Tan efectivo como mesalamina

en la remision de CU

77 % de remision de CU

Disminucién de la exacerbacién

de los sintomas (P<0,01)

100 % de remision
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Tabla 3 Efecto de los probiéticos en el mantenimiento deiaision de la colitis ulcerosa

Kruis et al. 2004

Zoccoet al. 2006

Shanahaet al
2006

Venturi et al
1999

DC, A C

Abierto

DC, A, C

Abierto

E. coliNissle 1917
(2,5-25*16 CFU)

LactobacillusGG

(1,8*10° CFU)

Lactobacillus salivariu®
Bifidobacterium infantis
(10° CFU)(52/grupo)

VSL#3 (1*10% CFU)

DC: doble ciego; A: aleatorizado; C: controlado.
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Mesalamina

Mesalamina
Mesalamina +
LGG

Placebo

Ninguno

Tan efectivo como mesalamina

en la remisién de CU
No hay diferencias en numero de
recaidas a los 12 meses, pero si en

el tiempo de remisién

No mejora el tiempo de remision

Remision del 75%



Introduccion

2.2.2. Enfermedad de Crohn.

Existe un menor nimero de trabajos que describesoede probibticos en la prevencién y
tratamiento de la enfermedad de Crohn. En un ensayprobd la eficacia d8accharomyces
boulardii en el mantenimiento de la remision de la EC. ABareses la incidencia de recaidas era
del 37,5 % en el grupo administrado solo con mesak y del 6,3 % en el grupo tratado con la
mesalamina y el probidtico (Guslaratial, 2000). En otro estudio, McCartley al, mostraron que
la administracién oral deactobacillus salivariusgJCC118 reducia de manera significativa el indice
de la enfermedad en pacientes con EC leve y moglefathque estos resultados son prometedores,
es importante indicar la existencia de numerosasles en los que distintos probiodticos no han
demostrado tener eficacia. Un estudio randomizaddralado por placebo con 98 pacientes mostré
que el probiéticd.. johnsoniiLA1 no previno la recurrencia de EC postoperativiarteauet al,
2006). De igual manera. rhamnosussG tampoco la previno, en pacientes con EC postabria

y reseccién intestinal (Prantezfal, 2002).
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Tabla 4 Efectos de los probidticos en la induccion deshnision de la enfermedad de Crohn

Schultz et al.
2004

McCarthyet al
2001

Guptaet al. 2000

DC, A C

Abierto

Abierto

LactobacillusGG
(2*10° CFU)

Lactobacillus salivarius
(1*10™ CFU)

LactobacillusGG
(2*10* CFU)

Placebo

Ninguno

Ninguno

Sin diferencias en la capacidad
de remision

Reduccion de la actividad de
la enfermedad comparado con

niveles basales

Mejora del IAEC en comparacid
basales (P<0,05)

DC: doble ciego; A: aleatorizado; C: controladoEl2: indice de actividad de la enfermedad de Crohn
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Tabla 5 Efectos de los probiéticos en el mantenimientademision de la enfermedad de Crohn

Pranteraet al
2002

Campieriet al
2000

Marteauet al
2006

Malchowet al
1997

Bousvarost al
2005

Guslandiet al.
2000

DC, A C

DC, A C

DC, A, C

DC, A C

A C6
meses

LactobacillusGG
(1,2*10° CFU)

VSL#3 (3*10" CFU)

L. .johnsoniiLA1

(2*10° CFU)

E. coliNissle 1917
(5*10% CFU)

LactobacillusGG
(2*10% CFU)

Saccharomyces boulardii

(1 g/d) + mesalamina (29g)

DC: doble ciego; A: aleatorizado; C: controlado.
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Placebo

Mesalamina

Placebo

Placebo

Placebo

Mesalamina

Sin diferencias significativas de

remisién

Igual eficacia que mesalamina en

la prevencion de recaidas

Sin diferencias en las recaidas

Sin diferencias en remision de los

sintomas

Sin diferencias en el tiempo de
recaidas

Prolongacion de la remision
(P<0,05)
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2.2.3. Pouchitis crénica.

Es en esta patologia donde los probiéticos han sieattm un beneficio indiscutible al
comprobarse en distintos estudios que éstos capaces de mantener la remision inducida con
antibiéticos en pacientes con pouchitis crénica teseccion del colon debido a una colitis ulcerosa
refractaria. En este sentido, Gionchettial. (2000), han completado los ensayos usando lalaezc
probidtica VSL#3 en pacientes con pouchitis crémeeurrente, la cual redujo la incidencia de
recaidas tras 9 meses a un 15%, frente al 100%grdpb placebo. Otro estudio con los mismos
grupos también demostr6 que tras un afio, solo élsaon pouchitis un 10% frente a un 40% del
grupo placebo después de la cirugia por colitisroka (Gionchetet al, 2003). También se llevo a
cabo un estudio doble ciego, aleatorizado, usanddacebo como control, en 20 pacientes tratados
conL. rhamnosussG vs. placebo durante 3 meses (Kuighal, 2003). Sin embargo, en contraste
al estudio con la mezcla VSL#3, no se observarteraticias significativas en la pouchitis crénica

durante el tratamiento can rhamnosussG.
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Tabla 6 Efectos de los probiéticos en la pouchitis crénica

Kuismaet al
2003

Laakeet al

2004

Gionchettiet al

2000

Mimuraet al

2004

Gionchettiet al
2003

DC, A C

Abierto

DC, A, C

DC, A, C

DC, A, C

LactobacillusGG
(1*10% CFU)

Leche fermentada con
L. acidophilusy Bifido-

bacterium lactig500 mL)

VSL#3 (60)

VSL#3 (60)

VSL#3 (1*10" CFU)

Placebo

Ninguno

Placebo

Placebo

Placebo

Sin diferencias en el IAP

Mejora del IAP, pero sin

diferencias en la histologia

Aumento del tiempo de remision
(P< 0,001)

Aumento del tiempo de remision

(P< 0,001)

Aumento del tiempo de remision
(P<0,05)

DC: doble ciego; A: aleatorizado; C: controladoPlAndice de actividad de la pouchitis
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2.3. MECANISMO DE ACCION DEL EFECTO ANTIINFLAMATORI O INTESTINAL

Clasicamente se ha atribuido el efecto de losifitiebs a su capacidad de modificar la
composicién de la microflora intestinal de potelmente dafiina, a beneficiosa para el hospedador.
Sin embargo el mejor conocimiento de la biologi@st®s microorganismos ha permitido establecer

diferentes mecanismos de accion posibles paraeejsus efectos beneficiosdddqura 4)
1.- Competicién con bacterias nocivas por:
a) desplazamiento de su sitio de union al epitelio

b) inhibiciébn de su crecimiento y/o promocién dersuerte mediante la

produccion de compuestos antibacterianos o reduciabpH;
2.- Mejora de la funcién de barrera intestinal;
3.- Produccion de nutrientes importantes pararaibn intestinal y

4.- Modulacidn de la respuesta inmune de la mudekhospedador.

o O @D Patégeno
o — @ @€ Probisiico
- -
-
Bacteriocinas g
. <«

o $5

OOOOOO@OOOOO © OO
i 0o °'°.° Citocinas

Figura 4. Diferentes mecanismos de accién ejercidos pobéaderias probidticas.
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2.2.1. Competicion con bacterias patégenas.

Los probioticos son bacterias sin capacidad patgespaces de prevenir la adherencia,
establecimiento, replicacién y/o la accion de lastérias patdgenas. Los mecanismos posibles
pueden implicar modificacién del pH, mediante prgidn de acidos grasos de cadena corta como
consecuencia de su capacidad fermentativa sobfibréa dietética; o produccién de compuestos

antibacterianos como peroxido de hidrogeno o biaciemas (Jaclet al, 1995; Liévinet al,, 2000).

El desplazamiento de bacterias nocivas no neemsante implica actividad bacteriostatica
0 bactericida, sino que también puede ser conseruele la competicion fisica por unirse al

epitelio, consumiendo también los sustratos didpesipara las bacterias patogenas.

Hay diversos estudios que demuestran el efectetitivo ejercido por los probidticos,
por ejemplo, estudiom vitro e in vivo han demostrado que. infantisinhibe el crecimiento de
Bacteroides vulgatugShiba et al, 2003). La mezcla probiética VSL#3 es capaz debin la
invasion deSalmonella dubliren células T-84 (Madsest al, 2001).Lactobacillus salivarius ssp
salivarius UCC118 inhibe el crecimiento de numerosos patégeosmolisteria monocytogenes
Sthaphilococcus aureuseticilin resistentes, efecto derivado de su faat@imicrobiano ABP118
(Dunne et al., 1999). En otro estudischerichia coliNissle 1917 fue capaz de reducir al adhesion
del patégendEscherichia colienteroinvasivo en un 97 %, sugiriendo un posibéeanismo en el

mantenimiento de la remision de la colitis ulcer@dalchow, 1997; Rembackast al, 1999).

2.2.2. Mejora de la funcién de barrera intestinal.

La monocapa epitelial y el revestimiento de moce turecubre, junto con las uniones
estrechas (del inglégyht junctio que mantienen unidos a los enterocitos, formanhamrera fisica
que previene a los patdgenos potenciales y a aogeminales de pasar libremente a la lamina
propia. Por otro lado, la inmunoglobulina (lg) Adeanas de bloquear sus uniones al epitelio,
previene su internalizacion, y también es capazglatinar bacterias y virus en unos grandes

complejos que son atrapados en la barrera de meliminados en las heces.

En la Ell, la integridad de la barrera epitelisfiéecomprometida, lo que permite el paso de

antigenos luminales a la lamina propia, y contrébayla perpetuacion del proceso inflamatorio
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(Plevy, 2002). Asi, se ha demostrado la existedeiana permeabilidad intestinal incrementada en
pacientes con EC (Teahenal, 1992), y se ha descrito como un factor tempgaedisponente a la

patogénesis de esta enfermedad.

Los probidticos podrian normalizar la permeabdida&estinal incrementada mejorando las
funciones de barrera intestinal, y secundariamentespuesta inflamatoria intestinal. Son diferente
los procesos que pueden intervenir en dicha aetivid) Se ha demostrado que la incubaciénicon
plantarum 299vaumenta los niveles de expresion de mRNA de latgjmas MUC2 y MUC3 en
células HT-29 (Maclet al, 1999), y b)L. caseio Clostridium butyricumaumentan de forma muy
marcada la proliferacion de las células epiteliafesstinales (hasta 200% en el colon) en ratas

mejorando asi la proteccion del tejido intestihethikawaet al, 1999).
2.2.3. Produccion de nutrientes importantes paraal funcion intestinal.

Los acidos grasos de cadena corta, AGCC, (pritmgiate acetato, propionato y butirato)
son los productos finales de la descomposicionodecarbohidratos de la dieta por parte de las
bacterias anaerobias en el intestino grueso. Spniraipal fuente de energia para los colonocitos
regulando su desarrollo y diferenciacion (Cummirk81). Ademas, y en intima relacién con las
propiedades normalizadoras de la funcion de bairgestinal, tienen efectos tréficos sobre el
epitelio intestinal, lo que es de gran importarqma@a la recuperacion de la inflamacion y para la
reduccion del riesgo de translocacion bacteriamarde la alteracién de la barrera intestinal (Urto
al., 1999). En concreto, el butirato, tiene la cagadi de inducir enzimas (por ejemplo

transglutaminasas) que promueven la restitucida daucosa (D’ Argeni@t al., 1999)

Se ha postulado que la deficiencia en la cantittaéstos AGCC puede estar relacionada
con la aparicion de colitis (Roediger, 1980); cazpasecuencia, la administracién de preparaciones
probidticas que contiendBifidobacterium, EnterococcusLactobacillus,que aumentan la cantidad

total de AGCC, contrarrestarian la aparicion dasshfermedades (Sakataal, 1999)
2.2.4. Modulacion de la respuesta inmunitaria de lenucosa del hospedador

Los efectos antiinflamatorios de los probidticas la enfermedad de Crohn y colitis

ulcerosa pueden incluir sefiales que ejercen sdbsistema inmunolégico del epitelio intestinal,
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incluyendo la produccion de anticuerpos (Ig A, @aga promover la barrera inmunoldgica) (Kaila
et al, 1992; Rinneet al, 2005), el aumento del nimero de fagocitos (Si&illy 2002) y células
natural killer (Gillet al, 2001; Gillet al, 2001; Ogawat al, 2006; Sheilet al, 2001), modulacién
de las vias de sefializacion del NB-(Jijon et al, 2004; Petrokt al, 2004; Tienet al, 2006) y la
induccion de la apoptosis de células T (Di Maed@l, 2001). Ademas, algunos probiéticos como
Escherichia colino patégeno dactobacillus sakeitienen la capacidad de aumentar la produccion
de citocinas antiinflamatorias tales como IL-10 @F, y de reducir la produccion de citocinas
proinflamatorias por ejemplo TN&- IFN-y o IL-8 (Haller et al, 2000; Maassert al, 2000;
Madseret al, 1999; Moritaet al, 2002).

Lammerset al 2005, administré una mezcla probiética a pacgents anastomosis ileo-
anal mostrando una reduccion de los niveles de mEBAL-1B, IL-8 y IFN-y, y del nimero de
células polimorfonucleares en comparacién con &msemtes que recibieron el placebo. Ulissal
(2001), describié una reduccion de la expresidadecitocinas IFN¢ y IL-1a, y de la actividad
iINOS en biopsias de pacientes con pouchitis tratada probiéticos. Por Gltimo, en explantes de la
mucosa iliaca de pacientes con enfermedad de Ceblirgtamiento cohactobacillus casey con
Lactobacillus bulgaricusedujo la liberacion de TNE-y el nimero de células CD4 (Borrwetlal,
2002).
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Objetivos

La enfermedad inflamatoria intestinal es unaadepatologias con una alta prevalencia en
los ultimos afios. Aunque no se conoce exactamerngdialogia, es cada vez mayor la evidencia de
gue en su inicio y progresion intervienen antigedesla dieta, posiblemente producidos por
bacterias. Una hipétesis bastante aceptable paravancion y el tratamiento de estas enfermedades
podria ser la modificacidn de la flora bacteriaoa el objeto de interferir en la produccién de gsto

agentes antigénicos.

Los probidticos, definidos como agentes nutriales vivos, que consumidos en cantidades
adecuadas, ejercen un efecto beneficioso para sglelador, podrian constituir una estrategia
terapéutica muy atrayente ya que modifican el dxiol hacia bacterias carentes de este potencial
antigénico. Sin embargo, no todos los probi6ticas manifestado efectos beneficiosos en los
diversos modelos experimentales y en humanos. tanvesiabilidad del efecto pueden intervenir

diferentes factores:

- Especie y/o cepa probiética ensayada, ya que aundas los probidticos tienen una capacidad

innata de adherirse al epitelio, no todos modifiearespuesta inmune
- Dosis usada
- Tipo de patologia

- Momento en el cual se inicia el tratamiento, dehbeban mostrado ser mas eficaces en el
tratamiento de la colitis ulcerosa que en la enéelad de Crohn, y mas activos en el

mantenimiento de la remision que en el tratamidetta enfermedad aguda

El objetivo general de esta Tesis Doctoral efficat que el efecto antiinflamatorio
intestinal depende de la cepal/especie selecciopaslacontrar un probidtico con caracteristicas
ideales para el tratamiento de estas patologias. IRaarlo a cabo, se plantearon los siguientes

objetivos concretos:

1. Comparar el efecto antiinflamatorio intestinalldetobacillus casei, Lactobacillus acidophilus

y Bifidobacterium lactis, probiéticos con actividad demostrada en estuyaliegios
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2. Estudiar el efecto antiinflamatorio deactobacillus salivarius ssp.salivarius y Lactobacillus
fermentum. Estos, fueron aislados en la empresa Puleva@®iptesu actividad antiinflamatoria

intestinal ha sido estudiada por primera vez em Essis.

3. Comparar la eficacia del probiético con el mejorfipbantiinflamatorio de todos los anteriores
con Lactobacillus reuteri, probiético ampliamente utilizado tanto en modelbs colitis

experimental como en humanos
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Material y métodos

1. ENSAYOSIN VIVO.

Estos estudios se realizaron de acuerdo con itastidas de laConvencion para la
proteccion de los animales vertebrados usados gerarentacién y con otros fines cientificos
establecidas por la Unién Europea (85/ETS123; &3FHC).

1.1. Preparacion del probiético

Los probiéticos utilizados fuerom:actobacillus salivariusssp. salivarius, Lactobacillus
fermentum, Lactobacillus reuteri, Lactobacillus ead actobacillus acidophilus y Bifidobacterium

lactis

Los probiodticos fueron suministrados por Pulevatd&h (Granada, Espafia). Se hicieron
crecer normalmente en medio MSR a 37° C en condisianaerobias usando el sistema Anaerogen
(Oxoid, Basingstoke, UK), se suspendieron en lefgenatada (5.#@CFU/mL) y se almacenaron a

—80° C hasta su uso.

1.2. Animales de experimentacion.

Los animales utilizados en este estudio fuer¢asralbinas hembra de la cepa Wistar de
180-200 g de peso, suministradas por el Servicidrdmales de Laboratorio de la Universidad de
Granada. Los animales se mantuvieron en el estabwlal laboratorio al menos 7 dias antes de
iniciar los experimentos, a una temperatura de&222C y con un ciclo de luz-oscuridad de 12 horas.
Las ratas fueron alojadas en cubetas de makrolotecho de viruta, dispuestas en estante de acero

inoxidable, alimentadas con la correspondienteagiata roedores, y agua corrieatklibitum
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1.3. Induccion de la colitis experimental por TNBS administracion del probiético

La colitis se indujo utilizando el método deserfior Morriset al. (1989) con algunas
modificaciones incorporadas por nuestro grupo @esitigacion. Los animales fueron sometidos a
un periodo de ayuno de 24 horas, después delweraf anestesiados ligeramente con halotano y se
procedi6 a la administracién rectal de 0,25 ml dea wolucibn de 10 mg de acido
trinitrobencenosulfénico (TNBS) en etanol al 50 Yv). La instilacién se realiz6 introduciendo un
catéter de teflon (2 mm de grosor) 8 cm desde®lmanteniendo a los animales en posicion supina
hasta la recuperacion de la anestesia. La sold&dfiNBS se preparé a partir de un liofilizado de la
solucion comercial de origen consistente en unducgm acuosa al 5 % p/v. Dado que se han
descrito variaciones en la respuesta en funciérotielcomercial de TNBS (Yamada al, 1992),

todos los experimentos se realizaron con TNBS dmiamo lote.

Los animales se distribuyeron de modo aleataridiferentes grupos, uno control sano y

los demas sometidos a inflamacién intestirad\ra 5):

- Grupo control sano: se les administré por via té2b6 ml de solucion salina isoténica de

CINa (0,9 %), y recibieron 0.5 ml de leche desraf@@hiculo) mediante sonda gastroesofagica.

- Grupo control colitico: se les indujo la colitis,cdNBS y también recibieron 0.5 ml de

leche desnatada mediante sonda gastroesofagica.

- Grupo tratado con probiéticos: se les administnovi@ oral el probiético correspondiente a
cada grupo a una concentracién de 5vEbiculizado en leche desnatada durante los catbiese
previos a la induccidn del proceso inflamatoriestinal con TNBS, asi como durante los siete dias

posteriores mediante sonda gastroesofagica.
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CONTROL NO
COLITICO

\/@ CONTROL

COLITICO

PROBIOTICO

Figura 5. Disefio experimental
2. VALORACION DEL PROCESO INFLAMATORIO INTESTINAL.

Durante el desarrollo de estas experiencias iseatd diariamente el peso y el consumo de
agua y comida de los animales, asi como la aparidi® diarrea por visualizacion de restos
perianales (Bellet al, 1995). Todos los animales fueron sacrificadofosa siete dias de la

administracién del agente inflamatorio intestinal

Una vez sacrificados los animales, se les extiagmlen en su totalidad, observandose la
existencia o no de adhesiones entre el intestinesgry los drganos adyacentes. Seguidamente se
procedid a la limpieza de los distintos segmentdastinales, retirando los restos de grasa y las

adhesiones mesentéricas, sobre una placa Petniglon

El colon se abrié longitudinalmente y se exti@jelos contenidos colénicos, que fueron

pesados y procesados para las determinacioneshiicgicas y de AGCC posteriores.

41



Material y métodos

El colon se lavé con solucidn salina isotdnicgeydeterminé su longitud bajo una tension
constante de 2 g, asi como su peso. Tras abrirfti@inalmente, un observador ajeno al desarrollo
del experimento valoré el dafio macroscopico de rdoueon el criterio descrito por Bedit al.
(1995) (Tabla 7 poniéndose de manifiesto la presencia 0 no ddlikttas caracteristicas del

proceso inflamatorio.

Tabla 7. Escala de valoracién del indice de dafio macrosadgl©OM) en el modelo de colitis

experimental por TNBS en ratas

Colon normal

Hiperemia localizada, sin ulceras

Ulceracion sin hiperemia ni engrosamiento en lagantestinal
Ulceracion con un punto de inflamacion

Dos o mas sitios de ulceracion e inflamacién

Zonas grandes de dafio, inflamacioén y ulceraciénuoan

extension mayor de 1 cm

Zonas grandes de dafio tisular con una extensigornda 2 cm,

afiadiéndose 1 punto (hasta 10) por cada cm adiderextension

Para la realizacion de los correspondientes estinistologicos, se obtuvieron muestras de

colon (0,5 cm de longitud) de la zona proximal idiatamente adyacente al dafio.

Por dltimo, el colon se dividié en distintos fragntos longitudinales que, a excepcion de
uno, fueron congelados inmediatamente a —80° Claaealizacion posterior de las determinaciones

bioguimicas.. El segmento destinado a la deterndinage glutation total, se congelé en 1 ml de
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acido tricloroacético (TCA) (Fluka, Madrid) al 5 @/v), con objeto de inhibir su degradacion por la
y-glutamil transpeptidasa (Anderson, 1985). El fragto no congelado fue procesado en el
momento de su obtencion para la determinacion ¢edduccion de LTBY de citocinas (IL-f y

TNFo). Todas las determinaciones se realizaron endassdmanas siguientes al sacrificio de los

animales.

2.1 Determinacién de la actividad mieloperoxidasaolénica.

La determinacion de la actividad mieloperoxidesi@nica (MPO) se realiz6 por el método
descrito por Krawiszt al. (1984). Esta enzima se utiliza como marcador denflaracion de

neutréfilos, aunque no es una enzima estrictanmesptecifica de estos fagocitos.

Los fragmentos de colon fueron dispuestos sobee placa Petri enfriada con hielo y
picados con tijeras durante aproximadamente 15nsigu A continuacion, se homogeneizaron en
tampon de bromuro de hexadeciltrimetilamonio (HTABY,5% (p/v) en tampdn fosfato salino (50
mM, pH 6,0), con una dilucién final de 1:20 (p/v) @n homogeneizador Heidolph hasta obtener un
aspecto uniforme. El HTAB actla como detergenteuk facilita la liberacion del enzima MPO de
los granulos azurofilos de los neutrofilos, donde encuentra almacenada. Seguidamente, el
homogenado se sonicé durante 10 segundos y sei§omein triple proceso de congelacion-
descongelacion que facilitd la ruptura de estrastwelulares, y en consecuencia la liberacion de la
enzima. Tras la Ultima descongelacion se centrilgfomogenado a 7000 G durante 10 minutos a
4° C y se procedié a la determinacién de la ac/iPO siguiendo la cinética de la reaccion frente
al agua oxigenada. Para ello, en una placa de @Bgscse afiadieron 50 uL del sobrenadante a 150
uL del reactivo de coloracién preparado de fornteraporanea, y compuesto por clorhidrato de o-
dianisidina (0,167 mg/mL) y peréxido de hidrogeh®,866% en tampon fosfato (50 mM, pH 6,0).
El incremento de absorbancia se determiné a 45@mran espectofotometro Microplate Reader
(Bio-Rad). La actividad MPO se calculé por integmbn en una curva patron, realizada con
mieloperoxidasa procedente de neutréfilos humatdos. unidad de MPO (U) se define como la
cantidad necesaria para degradar 1 mmol/minutcedijglo de hidrégeno a 25° C. Los resultados

se expresan como U/g tejido fresco.
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2.2. Determinacion del contenido coldnico de glutian total.

La determinacion del contenido coldnico de glatatotal se realizd de acuerdo con el
método de la reduccidn ciclica del DTNB-GSSG (Akerin y Sies, 1981).

Se basa en la oxidacion del glutatién reducidSH{spresente en una muestra a su forma
oxidada (GSSG) mediante incubacion con el acidoditjbbisnitrobenzoico (DTNB), el cual es
reducido y adquiere una coloracion amarillenta queuede ser determinada
espectrofotométricamente. EI GSSG generado es idemdymor accion de la enzima glutation
reductasa (GSSGrd) en presencia de nicotinamidairadinucleotido fosfato (NADPH). EI GSH
resultante se oxida de nuevo, dando lugar a un cwhtinuo en el cual la velocidad de reduccion
del DTNB (con el consiguiente incremento de la dieacia) es proporcional a la cantidad total de
glutation.

Para efectuar esta determinacion se utilizarenftagmentos de colon congelados en
solucién de TCA al 5% (p/v). Se picaron con tijedasante 15 segundos aproximadamente sobre
una placa Petri con hielo y posteriormente se hemeigaron en la solucion de TCA en una
proporcién 1:20 (p/v) en un homogeneizador autarodtieidolph. A continuacion, se centrifugo el
homogenado a 2000 G durante 5 minutos a 4° C gcamio el sobrenadante, para someterlo a una
segunda centrifugacion a 10000 G durante 5 mirait#sC. Para la determinacion del glutation total
se mezclaron, por este orden, 20 uL de sobrengdanie de tampdn fosfato salino con acido
etilendiaminotetraacético (EDTA) (PBS-EDTA) (solici acuosa de fosfato sédico 143 mM y
EDTA 6,3 mM, pH 7,5), 140 uL de solucion AeNADPH (0,298 mM) en PBS-EDTA y 20 pL de
DTNB (6 mM) en PBS-EDTA, en una placa de 96 posillgue se incub6 a 30°C durante 5 minutos.
Tras adicionar 15 pL de solucion de GSSGrd (BogkriMannheim, Barcelona) (266 Ul/mL) en
PBS-EDTA, se agitd y se registr6 el incremento eoebancia a 412 nm en un dispositivo
Microplate Reader (Bio-Rad). La concentracion déaglon se calculd por interpolacion en la curva
patrén realizada con GSH. Los resultados se expr@sao nanomoles de glutation total/g de tejido
fresco.
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2.3 Determinacion de los niveles col6nicos de LTBINFa, IL-1p e IL-10

Para la determinacion de estos parametros bidgcpsmse realizé un procedimiento simple
de extraccion de forma inmediata (<1 h) a la obtendel 6rgano (McCaffertet al, 1992). Los
fragmentos de colon se pican con unas tijeras sofaglaca Petri con hielo durante 15 segundos y
se incuban en tampén fosfato sédico 10 (mM, pH=&@proporcién 1:5 (p/v) a 37° C durante 20

minutos con agitacion constante.

A continuacion se centrifugan las muestras a 980@urante 30 segundos a 4° C y se
congela el sobrenadante obtenido a —80° C. Padetéaminacion de la concentracion de LTB
TNFa se utilizaron kits comerciales de enzimoinmunoensayministrados por Amersham
Pharmacia Biotech (Little Chalfont, Reino Unido)d.resultados se expresan como ng/g tejido
fresco en el caso del LT,By como pg/g tejido fresco en el caso del TNH.-1f e IL-10 se

expresaron como pg/mg de proteina.

2.4, Determinacién de la expresién de iNOS y COX<h tejido colénico.

La determinacion de la expresion de INOS y COs€2ealizo mediante Western blot. Para
ello, los fragmentos coldnicos fueron descongelagimsdos y homogeneizados en proporcion 1:5
(p/v) durante 1 minuto en PBS con dodecil sulfaidico codium dodecyl sulfate&SDS) al 0,1%,
desoxicolato sodico al 0,1% y Tritén X-100 al 1%nieniendo inhibidores de proteasas (aprotinina,
1,10-fenantrolina, iodoacetamida, fluoruro de feeiilsulfonilo). Seguidamente, los homogenados
fueron centrifugados a 10000 G durante 10 minUtoss determinar el contenido en proteinas por el
método del BCA, los sobrenadantes (1@) fueron hervidos durante 5 minutos en tampdénaigac
Laemli 5x (Tris-HCI 0,2 M, pH 6,8, SDS 5%, 2-mertagtanol 8,8% (v/v), glicerol 37,5%, azul de
bromofenol 60ug/mL) y sometidos a electroforesis en un gel desalrante de poliacrilamida
(SDS-PAGE) al 6%. Como indicadores de peso molecsk utiliz6 una mezcla de proteinas
previamente marcadas con un colorante (BioRad, utssc CA, EEUU). Las proteinas fueron
transferidas a una membrana de nitrocelulosa (PROT&chlecher & Schuell, Germany), la cual
posteriormente fue bloqueada durante al menos d &ademperatura ambiente con leche desnatada

al 5% (p/v) en tampén Tris salintri§ buffer saline TBS) conteniendo Tween-20 al 0,1% (v/v)

45



Material y métodos

(TBS-T). Transcurrido el bloqueo, las membranasogaetieron a tres lavados con TBS-T durante 5
minutos, y fueron expuestas a las correspondiedilegiones de anticuerpo incorporado en
albimina de suero bovino al 5% (p/v) en TBS-T. liasubaciones con dichas diluciones de
anticuerpo primario, 1:2000 frente a INOS (Transuc Laboratories, Becton Sickinson
Biosciences, Madrid, Espafia) y 1:1000 frente a G(Cayman Chemical Company, Montigny le
Bretonneux, France), se realizaron durante todanaoke a 4° C. Un anticuerpo primario frenfe a

actina se emple6 como control de carga.

Tras tres lavados de 5 minutos con TBS-T, las Ionanas fueron incubadas con anticuerpo
conjugado con peroxidasa 1gG anti-conejo (1:30Q0pte 1 hora. Las bandas resultantes fueron
detectadas por quimioluminiscencia (NEM Life Scen®roducts, Zaventem, Bélgica) y
cuantificadas por densitometria mediante el progranformatico Scion Image (Scion Corporation,
U.S.A).

2.5. Determinacion del contenido de proteinas: Métto del Acido bicinchoninico (BCA).

Se siguid la técnica descrita por Snethal (1985). Este método se utiliza cuando en el
tampén de homogeneizacion puede haber agentesgeleiEs o de otro tipo que presentan
reacciones de interferencia con el reactivo azawn@ssie del método convencional de Bradford. El
fundamento de la técnica se basa en la capacidémsdeoteinas para reducir el‘Ca Cd*, de
forma que el Clf reacciona con el &cido bicinchoninico formandocomplejo parpura con un

maximo de absorbancia a 562 nm.

En este método se emplea un colorante que senebtiezclando dos reactivos Ay B en
proporcién 50:1 (v/v). El reactivo A consiste erauhisolucion acuosa de acido bicinchoninico (25,8
mM) en forma de sal sddica (acido 4,4-dicarbo@-djiquinolinico), NaCOs-H,O (0,16 M),
tartrato sodico-potasico (5,7 mM), NaOH (0,1 M) gH\CG; (0,11 M) (pH 11,25). El reactivo B es
una disolucion acuosa al 40% de CySBL,O. Ambos reactivos son estables a temperatura
ambiente de forma indefinidBara realizar la determinacion, se afiadieronuh #el homogenado

200uL del reactivo de coloracidn vy, tras incubar a 3@®€ante 30 minutos, se procedi6 a la lectura
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espectrofotomeétrica a 560 nm. El calculo del cadtede proteinas se realizd por interpolacion en

una curva patron de albimina sérica bovina fracién

2.6. Estudio histoldgico.

Las muestras destinadas para el estudio histolég fijaron en una soluciéon tamponada de
formaldehido (al 4% en tampoén fosfato, pH 7,2) dtedres dias. Después se deshidrataron con

alcohol a concentraciones crecientes hasta alatisalluto y se incluyeron en parafina.

Con ayuda de un microtomo se obtuvieron cortes3de um de grosor que fueron
posteriormente tefiidos con hematoxilina-eosina pata evaluacion histolégica mediante
microscopia Optica. Los cortes histologicos seuarain segun el criterio establecido por Stuethi
al. (2000) [Tabla 8.

2.7. Determinacién del pH y humedad del contenidootdnico
Los valores de pH del contenido coldnico se midia&usando un medidor de pH GLP21-21
(Crisol, Barcelona, Spain), después de su suspemsi@gua (1:5 p/v). El contenido de agua de las

heces se calculo por diferencia entre el peso slenlamas frescas (inmediatamente después de su

extraccion) y secas (mantenidas en una estufa @ 68fante 24 horas).
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Tabla 8.Escala de valoracion del dafio histologico en el alodie colitis experimental por TNBS

en ratas.

Ulceracion: ninguna (0); leve (1paerada (2); intensa transmural (3)

Actividad mitotica en: tercio inferi(0); tercio medio leve (1); tercio medio levé; (1
tercio medio moderada (2); tercipeior (3)
Infiltrado leucocitario

Deplecion de moco

Infiltrado plasmocitico
Infiltrado leucocitario

Vascularizacion

aninguna (0); mucosa (1); submucosa (2); transh{8ja

Infiltrado leucocitario

Edema

3. ESTUDIOS MICROBIOLOGICOS

Las muestras del contenido luminal se pesaromosgogeneizaron, se resuspendieron a
una concentracion de 50-100 mg/mL en agua de pepsteril, y se hicieron diluciones seriadas
1/10 (de 10 a 10°. Se inocularon en una placa Petri {l0@e las diluciones 10y 10° en medio

especifico pard.actobacillus(medio MSR, Oxoid) dBifidobacterium(medio MSR suplementado
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con 0.5 mg/L de dicloxacilina, 1g/L de LiCl, y OgA_ de L-cisteina) y se incubaron en camaras de
anaerobiosis durante 24-48 horas a 37° C. En adgemeayos también se determinaron coliformes y
enterobacterias usando placas de contaje especg@aifiim (3M, St. Paul, MN). Después de la
incubacioén, el recuento final de colonias se exp@mo logy unidades formadoras de colonias/

gramo de material.

4. CUANTIFICACION DE AGCC EN EL CONTENIDO INTESTINA L POR
CROMATOGRAFIA DE GASES.

Los AGCC son los principales productos derivadeda fermentacion de la fibra por la
flora bacteriana intestinal, principalmente acétipoopionico y butirico. Por este motivo, y en
algunos ensayos procedimos a su determinacién ®rcdatenidos colénicos de los animales

utilizados en nuestros estudios.

Los contenidos coldnicos se homogeneizaron inateiente tras su obtencién en una
solucién de NaHC®(150 mM, pH 7,8) en atmésfera de argén y en uoagrcién 1:5 (p/v). Las
muestras se incubaron durante 24 horas a 37° @gitation constante. Transcurrido ese tiempo, las

muestras se congelaron a —80° C hasta su procegamie

Tras descongelar los homogenados, los AGCC gegoeraomo consecuencia de su
incubacion previa durante 24 horas, se extrajeoonacetato de etilo. Para ello, a una alicuota de 1
mL de homogenado fecal se le adicionaronpb0Odel estandar interno, acido 2-metilvalérico
(100mM), y una gota de acido sulfarico (=10uL).&8itd bien y se centrifugé a 10000 G durante 5
minutos a 4° C. Se recogio el sobrenadante (0.5 yé@ le adicionaron 0.3 mL de acetato de etilo.
Se agitdé suavemente evitando la formacién de nsicelase volvié a centrifugar a 14000 RPM
durante 5 minutos a 4° C para separar una fasgoinBcuosa y otra superior de acetato de etilo
donde se encuentran los AGCC. Se recogi6 la cgperisu y tras deshidratarla con sulfato sédico
anhidro se centrifugd por dltima vez a 10000 G digd® minutos a 4° C. Se recogio el extracto
organico exento de agua, y se paso a un vial cogratco sellado y mantenido a —80° C hasta su
analisis. Se emple6é un cromatdgrafo de gases (V&R-3800) equipado con una ID CPWAX
52CB de 60 m de longitud y 0,25 mm de diametrorimtey un detector FID (Varian, Lake Forest,
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CA). El helio fue el gas usado como transportadonegclador de la muestra con un flujo de 1.5
mL/min. La temperatura de inyeccion fue 250° C. lcamcentraciones de butirato, acetato y
propionato se calcularon automaticamente mediahtérea de los picos usando el programa

Chromatography Workstation (version 5.5), que estaimectado on-line al detector FID

5. ENSAYOSIN VITRO

5.1. Determinacién de la produccién endoégena de gation y y-Glu-Cys por los probidticos

Para la determinacion de glutation, los probattise cultivaron en medio MSR a 37° C
durante 24 horas y se inocularon en tubos Falcd&0dsL que contenian medio MSR. Se incubaron
durante 24 horas, y se cogio una muestra de 1 nia gue se midid el contenido de glutation. Las
células se lavaron con agua destilada y se susendén 30QuL de TCA al 7,5 %. La mezcla se
centrifugd a 10500 G durante 2 minutos yl0del sobrenadante se mezclé con 300de agua
miliQ en un nuevo tubo. 20L de esta solucion se mezclé con 340de de tampon fosfato 0,6 M
(pH 7,8), y 340uL de Tris (carboxietilo) fosfina HCI (TCEP) en H2QD mM. La muestra se
mantuvo en oscuridad durante 15 minutos, se lei@f@D pl de orto-ptalaldehido 12 mM en
acetato sédico 50 mM, y se mantuvo a 4° C durabtenibutos. Las muestras se analizaron por
HPLC usando una columna Spherisorb S3 ODS a 0j/8imEn modo isocratico usando como fase

movil acetato sodico (pH 7,7)/acetonitrilo (96:4).

5.2. Determinacién de la produccién de citocinas

Para la determinacién de la produccion de citxcise obtuvieron macréfagos de medula
Osea de ratdn, segun el método descrito por Comataal., (2003). Se estimularon con 100 ng/mL
de LPS en presencia y ausencia del probiético aaneentracién de #@FU/mL durante 2 horas.
Pasado este tiempo, se lavaron con medio de cytéiwva eliminar las bacterias no adheridas y
seguidamente se cultivaron en nuevo medio de oultivante 12 horas. La produccion de ToNF-
IL-12 e IL-10 se cuantifico por ELISA (CytoS&fs Biosource Internacional, Nivelles, Belgium) en

los sobrenadantes celulares segun las instruccamidabricante.
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6. ESTUDIO ESTADISTICO.

Todos los resultados estan expresados como l@anaeitinética + error estandar de la
media, excepto los datos no paramétricos (indicgafie@ macroscépico y microscépico, valoracién
de las caracteristicas de las heces), que se arp@sMo mediana (rango). La significancia
estadistica de las diferencias entre las medideteeminé realizando un analisis de varianza de una
via (ANOVA). Los datos no paramétricos se evaluamediante el test de Mann-Whitney. Las
diferencias entre porcentajes se analizaron ctesebey’. EI umbral de significacién se establecié
en p<0,05. El programa estadistico utilizado fuBNsA STAT.
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1. Estudio comparativo de los efectos preventivos
ejercidos por tres probidticos:Bifidobacterium lactis,
Lactobacillus acidophilusy Lactobacillus casel en el

modelo de colitis experimental por TNBS en ratas







B. lactis-L. casei-L. acidophilus

RESUMEN

OBJETIVO

Los probidticos constituirian una posible tergpéaa el tratamiento de la Ell, sin embargo
el efecto y mecanismo de accion de los mismosrdifie unas cepas a otras, y ademas depende de
las caracteristicas del hospedador; por esta ratdobjetivo del presente estudio fue probar los
efectos preventivos de diversos probidtidoactobacillus casei, Lactobacillus acidophilus, y
Bidifobacterium lactis en el modelo de colitis experimental por TNBS e@tas, modelo de
inflamacioén intestinal con caracteristicas histalag y bioquimicas similares a la Ell humana. La

seleccion de estos probidticos se bas6 en antegstadios que muestran la eficacia de los mismos.

RESULTADOS

Los resultados obtenidos en este estudio revelatoefecto antiinflamatorio intestinal
ejercido por los tres probioticos. Desde el punéo vista macroscépico todos los probidticos
redujeron de manera significativa el cociente dglbpeso/longitudB. lactis; 156.7 + 15.8 mg/cm;
L. acidophilus: 148.6 + 15.8 mg/cni;. casei: 189.8 + 22.2 mg/cm; p<0.01 vs. Control: 249.76+1
mg/cm), sin embargo solo las ratas tratadas Bididlobacterium lactis, mostraron una menor

incidencia de diarrea en comparacion con el gragmbral.

El andlisis bioquimico mostré que solo el tratamn conlactobacillus acidophilus redujo
la produccion de MPO (77.4 + 9.0 U MPO/g vs. Gr@antrol: 133.5 + 15.7 U MPO/g; p<0.01);
sin embargo, todos los probi6ticos restauraron fisgles col6nicos de glutation, reducidos a
consecuencia del estrés oxidativo producido emlehcpor el proceso inflamatori®(lactis. 1454
+ 63 nmol/g;L. acidophilus: 1357 + 78 nmol/gl. casei: 1428 + 65 nmol/g; p<0.05 vs. Control:
1075 + 100 nmol/g). El grupo de ratas tratadas Bditobacterium lactis, experimentaron una
reduccion de los niveles colénicos de TNE5.5 + 7.9 pg/mg prot vs. Grupo control: 68.40:3L
pg/mg prot; p<0.05), asi como una reduccion enxjaresion colénica de INOS y COX-2; la
administracién del probi6tichactobacillus acidophilus redujo los niveles colonicos de LTB66.2

+ 16.2 pg/mg prot vs. Grupo control: 136.3 + 38gdmg prot; p<0.05) y la expresion de iINOS; por

57



B. lactis-L. casei-L. acidophilus

ultimo, el tratamiento cohactobacillus casei se asoci6 a una disminucién en la expresion otdoni
de COX-2. Finalmente, ninguno de los probiéticosdifid los niveles de lactobacilos ni
bifidobacterias, sin embargoB. lactis aumento de manera significativa la relacion
Bifidobacterium/patdgeno y L. acidophilus y L. case lo hicieron sobre la relacion

Lactobacillugpatégeno
CONCLUSION

Los tres probidticos ensayados mostraron ciert@idat antiinflamatoria intestinal en el
modelo de colitis experimental por TNBS en ratendo el perfil antiinflamatorio de cada
probiotico diferente, pudiendo ser considerados ar futuro desarrollo en el tratamiento de la

enfermedad inflamatoria intestinal en seres humanos
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Introduction

Inflammatory bowel disease (IBD) is a chronic disease of
the digestive tract, and usually refers to two related con-
ditions, namely ulcerative colitis and Crohn’s disease,
which are characterized by chronic and spontaneously

© 2007 The Authors

Abstract

Aims: The intestinal anti-inflammatory effects of three probiotics with
immunomodulatory properties, Lactobacillus casei, Lactobacillus acidophilus and
Bifidobacterium lactis, were evaluated and compared in the trinitrobenzene-
sulphonic acid (TNBS) model of rat colitis.

Methods and Results: Colitis was induced in rats by intracolonic administra-
tion of 10 mg of TNBS dissolved in 0-25 ml of 50% ethanol. Each probiotic
was administered orally (5 x 10® CFU suspended in 0-5 ml of skimmed milk)
for 3 weeks, starting 2 weeks before the administration of TNBS. Colonic dam-
age was evaluated histologically and biochemically 1 week after TNBS instilla-
tion. The results obtained revealed that all probiotics assayed showed intestinal
anti-inflammatory effects, macroscopically evidenced by a significant reduction
in the colonic weight/length ratio. Only B. lactis showed a lower incidence of
diarrhoea in comparison with untreated rats. Biochemically, all probiotics
restored colonic glutathione levels, depleted as a consequence of the oxidative
stress of the inflammatory process. Bifidobacterium lactis treatment reduced
colonic tumour necrosis factor (TNF)-a production, and inducible nitric oxide
synthase (iNOS) and cyclo-oxygenase-2 (COX-2) expression; L. acidophilus
administration reduced colonic leukotriene B, production and iNOS expression
and L. casei intake was associated with a decrease in colonic COX-2 expression.
Conclusion: The three probiotics assayed have shown intestinal anti-inflamma-
tory activity in the TNBS model of rat colitis, although each probiotic shows
its own anti-inflammatory profile.

Significance and Impact of the Study: These probiotics could be considered as
potential adjuvants in the treatment of inflammatory bowel disease, although
more studies are required in order to demonstrate their efficacy in humans.

relapsing inflammation. Although the aetiology of IBD
remains unknown, there is increasing experimental evi-
dence to support that abnormal regulation of the mucosal
immune system against enteric bacteria is a key event
underlying inflammatory mechanisms that lead to intesti-
nal injury in these intestinal conditions (Fiocchi 1998;
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Guarner 2005). Among the different factors that may
contribute to this aberrant immune response, an imbal-
ance between aggressive and protective micro-organisms
within the gut lumen can play an important role. In con-
sequence, a possible therapeutic approach in IBD therapy
is the administration to these patients of probiotic micro-
organisms (Sartor 2004), defined as live microbial feed
supplements that beneficially affect the host by improv-
ing its intestinal microbial balance (Macfarlane and
Cummings 2002).

In fact, it has been reported that the administration of
a mixture of bifidobacteria and lactobacilli (Venturi et al.
1999) or Escherichia coli (Nissle 1917) (Rembacken et al.
1999) prevents the relapse of ulcerative colitis, the latter
being as effective as low-dose 5-amionosalicylic. More-
over, there are reports on successful induction and main-
tenance of the remission of chronic pouchitis and
ulcerative colitis after oral bacteriotherapy, being the most
convincing evidence of the clinical efficacy of probiotics
in clinical IBD (Gionchetti et al. 2003; Mimura et al.
2004; Furrie et al. 2005). However, treatments of Crohn’s
disease with probiotic preparations have reported con-
flicting results (Prantera et al. 2002; Bousvaros et al.
2005).

Although the results obtained after probiotic treatment
in both human IBD and experimental colitis are promis-
ing, it is clear that all probiotics are not equally beneficial;
each may have individual mechanisms of action, and the
host characteristics may determine which probiotic spe-
cies and even strain may be optimal. In fact, several stud-
ies have shown that not all probiotics exert constant
intestinal anti-inflammatory effects in experimental mod-
els of intestinal inflammation (Shibolet et al. 2002). For
this reason, it would be interesting to compare different
probiotics in the same experimental model, in order to
establish the best profile in a given setting and to further
understand this new concept for the therapy of IBD. The
aim of the present study was to test the preventative
effects of different probiotics, two lactobacilli, Lactobacillus
casei and Lactobacillus acidophilus, and one bidifobacteria,
Bifidobacterium lactis, in the trinitrobenzenesulphonic acid
(TNBS) model of rat colitis, a well-established model of
intestinal inflammation that has some histological and
biochemical features of the human disease (Jurjus et al.
2004). The selection of these probiotic strains was based
on previous in vitro and in vivo studies that would sup-
port their potential beneficial effect in these intestinal
conditions: L. casei has been described to downregulate
proinflammatory cytokines, such as IL-6 and IFN-y
in lipopolysaccharide (LPS)-stimulated lamina propria
mononuclear cells (Matsumoto et al. 2005); L. acidophilus
treatment to mice has been shown to stimulate regulatory
cytokine, like IL-10 and transforming growth factor

L. Peran et al.

(TGF)-f, in the colon of mice (Chen et al. 2005); and
finally, B. lactis has been reported to ameliorate bacterial
translocation (Eizaguirre et al. 2002) and to modulate
intestinal immune functions (Roller et al. 2004; Ruiz
et al. 2005). In addition, previous studies have also demo-
nstrated the intestinal anti-inflammatory activity of
L. acidophilus and L. casei in experimental models of
colitis (Chen et al. 2005; Llopis et al. 2005).

Materials and methods

This study was carried out in accordance with the ‘Guide
for the Care and Use of Laboratory Animals’, as promul-
gated by the National Institute of Health.

Reagents

All chemicals were obtained from Sigma Chemical
(Madrid, Spain), unless otherwise stated.

Preparation and administration of the probiotics

Probiotic strains L. casei (LAFTI® 126), L. acidophilus
(LAFTI® L10) and B. lactis (Bifidobacterium animalis lactis
LAFTI® B94) were provided by DSM Food Specialties
(The Netherlands). Lactobacilli strains were cultured in
MRS media at 37°C in anaerobic conditions using the
Anaerogen system (Oxoid, Basingstoke, UK). Bifidobacte-
rium lactis was grown in de Man Rogosa Sharpe (MRS)
media supplemented with 0-5-mg ™" dicloxacilin, 1-g 17"
LiCl and 05 g I”" r-cysteine hydrochloride and incubated
under anaerobic conditions. For probiotic treatment, bac-
teria was suspended in skimmed milk at the final concen-
tration of 10° colony-forming units (CFU) per ml and
stored at -80°C until usage. Freezing in milk and storage
at -80°C of probiotic samples did not modify their viabil-
ity, at least up to six months (data not shown).

Experimental design

Female Wistar rats (180-200 g) were obtained from the
Laboratory Animal Service of the University of Granada
(Granada, Spain) and maintained in standard conditions.
The rats were randomly assigned to five groups (n = 10);
two of them (noncolitic and control groups) received no
probiotic treatment and the remaining groups (treated
groups) received orally every probiotic (5 x 10® CFU sus-
pended in 0-5 ml of skimmed milk) daily for 3 weeks.
Both noncolitic and control groups received orally the
vehicle used to administer the probiotic (0-5-ml daily).
Two weeks after starting the experiment, the rats were
fasted overnight and those from the control and treated
groups were rendered colitic by the method originally
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described by Morris et al. (1989). Briefly, they were
anaesthetized with halothane and given 10 mg of TNBS
dissolved in 0-25 ml of 50% ethanol (v/v) by means of a
Teflon cannula inserted 8 cm through the anus. Rats
from the noncolitic group were administered intracoloni-
cally 025 ml of phosphate buffered saline instead of
TNBS. All rats were killed with an overdose of halothane
1 week after induction of colitis.

Histological and biochemical assessment of colonic
damage

The body weight, water and food intake, and the presence
of diarrhoea (as detected by perianal fur soiling), were
recorded daily throughout the experiment. Once the rats
were sacrificed, the colon was removed aseptically and the
existence of adhesions between the colon and adjacent
organs stated. Then, it was placed on an ice-cold plate,
longitudinally opened and the luminal contents were col-
lected for the microbiological studies (see later). After-
wards, the colonic segment was cleaned of fat and
mesentery, blotted on filter paper; each specimen was
weighed and its length measured under a constant load
(2 g). The colon was scored for macroscopically visible
damage on a 0-10 scale by two observers unaware of the
treatment, according to the criteria described by Bell
et al. (1995), which takes into account the extent and the
severity of colonic damage. The colon was subsequently
divided into four segments for biochemical determina-
tions. Two fragments were directly frozen at -80°C, and
the latter used for myeloperoxidase (MPO) activity and
inducible nitric oxide synthase (iNOS) and cyclo-oxyge-
nase-2 (COX-2) expressions, as these enzymatic activities
were not modified by the freezing procedure. Another
sample was weighed and frozen in 1 ml of 50-g 17" tri-
chloroacetic acid for total glutathione content determina-
tions. The remaining sample was immediately processed
for the measurement of colonic tumour necrosis factor
(TNF)-o0 and LTB, levels. All biochemical measurements
were completed within 1 week from the time of sample
collection and were performed in duplicate.

MPO activity, as a marker of neutrophil infiltration,
was measured according to the technique described by
Krawisz et al. (1984); the results were expressed as MPO
units per gram of wet tissue; one unit of MPO activity
was defined as that degrading 1-umol hydrogen peroxide
per minute at 25°C. Glutathione (reduced and oxidized)
concentrations, as markers of the colonic oxidative status,
were assayed by HPLC with fluorimetric detection of
oxidized and reduced glutathione, according to the
method proposed by Martin and White (1991); the
results were expressed as nmol of glutathione per mg wet
tissue. Colonic samples for TNFo and LTB, determina-
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tions were immediately weighed, minced on an ice-cold
plate and suspended in a tube with 10-mmol I"' sodium
phosphate buffer (pH 7-4) (1:5 w/v). The tubes were
placed in a shaking water bath (37°C) for 20 min and
centrifuged at 9000 g for 30 s at 4°C; the supernatants
were frozen at -80°C until assay. TNFo was quantified by
enzyme-linked immunoabsorbent assay (Amersham Phar-
macia Biotech, Buckinghamshire, UK), and the results
were expressed as pg mg~' protein. LTB, was determined
by enzyme-immunoassay (Amersham Pharmacia Biotech,
Buckinghamshire, UK) and the results expressed as
pg mg~' protein.

The colonic expression of iNOS and COX-2 was
analyzed by western blotting as previously described
(Camuesco et al. 2004). The dilutions of each primary anti-
body were 1 : 2000 for iNOS (Transduction Laboratories,
Becton Dickinson Biosciences, Madrid, Spain) and 1 : 1000
for COX-2 (Cayman Chemical Company, Montigny le
Bretonneux, France), and incubated overnight at 4°C fol-
lowed by peroxidase-conjugated anti-rabbit IgG antibody
(1:3000) for 1 h. Control of protein loading and transfer
was conducted by the detection of the f-actin levels.

Microbiological studies

Luminal content samples were weighed, homogenized and
serially diluted in sterile peptone water. Serial 10-fold
dilutions of homogenates were plated on MRS media
(Oxoid, Madrid, Spain) for Lactobacillus or MRS media
supplemented with 0-5-mg 17" dicloxacilin, 1-g 17" LiCl
and 0-5-g ™' L-cysteine hydrochloride for Bifidobacterium
and incubated under anaerobic conditions in an anae-
robic chamber for 24 h (lactobacilli) or 48 h (bifidobacte-
rias). Although MRS media is not selective for
lactobacilli, their growth at 37°C and for only 24 h limits
the growth of other potential lactic acid bacteria. How-
ever, it is impossible to eliminate the possibility that other
lactic acid bacteria will be able to grow in these condi-
tions. Coliforms and entherobacteria were also deter-
mined by using specific Count Plates Petrifilm (3M,
St. Paul, MN, USA). After incubation, the final count of
colonies was reported as log;y CFU per gram of material.

Statistics

All results are expressed as the mean + SEM. The differ-
ences between means were tested for statistical signifi-
cance using a one-way analysis of variance (ANova) and
post hoc least significance tests. Nonparametric data
(score) are expressed as the median (range) and were
analyzed using the Mann—-Whitney U-test. Differences
between proportions were analyzed with the chi-squared
test. All statistical analyses were carried out with the
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Statgraphics 5.0 software package (STSC, Maryland,
USA), with statistical significance set at P < 0-05.

Results

The administration of probiotics for 2 weeks before colitis
induction did not affect weight evolution compared with
untreated rats. The intracolonic administration of TNBS
resulted in an intestinal inflammatory status in the rats
characterized by anorexia, loss of weight and diarrhoea,
which gradually increased with time during the 7 days after
instillation (not shown). These parameters were not signifi-
cantly modified by any probiotic treatment, with the
exception of the group treated with B. lactis, which showed
an amelioration in the diarrhoeic process, and resulting
after 7 days in a significantly lower incidence of diarrhoea
when compared with TNBS control rats (P < 0-05, Fig. 1).
Furthermore, at 1 week after TNBS treatment, the animals
that were treated with probiotics had fewer signs of mucos-
al inflammation. This beneficial effect was evidenced mac-
roscopically by a significant reduction of the colonic
weight/length ratio in all probiotic treated groups
(Table 1). However, only the group of colitic rats treated
with L. acidophilus showed a significantly lower colonic
damage score than that of TNBS control rats (P < 0-05).
Animals treated with L. acidophilus had a significant
decrease in the extent of colonic necrosis and/or inflamma-
tion induced by the administration of TNBS. Furthermore,
this group of rats also showed a significant reduction in the
incidence of adhesions of the colon to adjacent organs
(intestinal loops, stomach, etc.) in comparison with
untreated colitic control rats (P < 0-05, Fig. 1).

The biochemical analysis of the colonic specimens con-
firms the intestinal anti-inflammatory effect exerted by
the different probiotics, although their effects on the dif-
ferent biochemical parameters assayed were not homo-
geneous among groups. Thus, colonic MPO activity was

Percentage

Diarrhoea Adhesions

Figure 1 Effects of probiotic treatment (5 x 10% CFU per rat per day)
on the incidence of diarrhoea and of adhesions of the colon to
adjacent organs in trinitrobenzenesulphonic acid (TNBS) experimental
colitis in rats. *P < 0-05 vs TNBS control group. () TNBS-control;
(m) B. lactis; (O) L. acidophilus; &) L. casei.
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Table 1 Effects of probiotic treatment on macroscopic damage score,
extent of the inflammatory lesion along the colon and changes in
colon weight in trinitrobenzenesulphonic acid (TNBS) experimental
colitis in rats

Damage Extent of  Colon

score damage weight
Group (0-10) (cm) (mg cm™)
Noncolitic 0 0 710 £ 2:5
TNBS control 65 (55-8-5) 3503 2497 + 261
Bifidobacterium lactis 6 (4-7) 2:8+03 156-7 + 15-8"
Lactobacillus acidophilus 55 (4-7)* 25+ 03% 1486 + 158"
Lactobacillus casei 6 (4-7-5) 27 £ 04 189-8 + 2221

Damage score for each rat was assigned according to the criteria des-
cribed previously by Bell et al. (1995); data are expressed as median
(range) (n =10). Extent of damage and colon weight data are
expressed as mean x SEM (n = 10).

*P < 0-05.

+P < 0-01 vs TNBS control.

All colitic groups differ significantly from noncolitic group (P < 001,
not shown).
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Figure 2 Effects of probiotic treatment on colonic myeloperoxidase
(MPO) activity in TNBS experimental colitis in rats. One unit of MPO
activity was defined as that degrading 1-umol hydrogen peroxide per
min at 25°C. Data are expressed as mean + SEM (n = 10). All groups
differ from noncolitic group (P < 0-01; not shown). **P < 0-01 vs
trinitrobenzenesulphonic acid (TNBS) control group. (OJ) non-colitic;
(M) TNBS-control; (8) B. lactis; (&) L. acidophilus; () L. casei.

o

only reduced after treatment with L. acidophilus, which
indicates reduced neutrophil infiltration of the inflamed
tissue after this probiotic treatment (Fig. 2). The treat-
ment of colitic rats with any probiotic showed a signifi-
cant increase in colonic glutathione content (Fig. 3),
which is depleted in colitic rats as a consequence of the
colonic oxidative stress induced by the inflammatory pro-
cess, as previously reported in this model of experimental
colitis (Galvez et al. 2003). The colonic inflammation
induced by TNBS was also characterized by increased lev-
els of colonic TNFo and LTB, (Figs 4 and 5). When
B. lactis was administered to colitic rats, a significant
reduction in colonic TNFoa production was observed,
acidophilus significantly
reduced colonic LTB, production in the inflamed colon
in comparison with untreated colitic rats (Figs 4 and 5).

whereas L. administration
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Figure 3 Effects of probiotic treatment on colonic glutathione (GSH)
content in trinitrobenzenesulphonic acid (TNBS) experimental colitis in
rats. Data are expressed as mean = SEM (n = 10). #P < 001 vs nonco-
litic group; *P< 005 vs TNBS control group. () non-colitic;
(M) TNBS-control; (&) B. lactis; (&) L. acidophilus; (Im) L. casei.
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Figure 4 Effects of probiotic treatment on colonic tumour necrosis
factor (TNF)-o levels in trinitrobenzenesulphonic acid (TNBS) experi-
mental colitis in rats. Data are expressed as mean = SEM (n = 10). All
groups differ from noncolitic group (P < 0-01; not shown). *P < 0-05
vs TNBS control group. () non-colitic; (M) TNBS-control; () B. lactis;
(E) L. acidophilus; (Im) L. casei.
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Figure 5 Effects of probiotic treatment on colonic leukotriene By
(LTB) levels in trinitrobenzenesulphonic acid (TNBS) experimental coli-
tis in rats. Data are expressed as mean + SEM (n = 10). All groups
differ from noncolitic group (P < 0-01; not shown). *P < 0-05 vs TNBS
control group. (0) non-colitic; (M TNBS-control; (&) B. lactis;
(E) L. acidophilus; (Im) L. casei.

0

Finally, the inflammatory process in the colonic tissue
was also associated with higher expression of both iNOS
and COX-2 (Fig. 6), in comparison with noncolitic ani-
mals. The treatment of colitic rats with Bifidobacterium
lactis resulted in a significant reduction of the expression
of both induced enzymes; Lactobacillus casei was able to
significantly reduce COX-2 expression, whereas L. acido-
philus only reduced iNOS expression (Fig. 6).
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Figure 6 Effects of probiotic treatment (5 x 108 CFU per rat per day)
on colonic inducible nitric oxide synthase (iNOS) and cyclo-oxygenase-
2 (COX-2) expression in trinitrobenzenesulphonic acid (TNBS) experi-
mental colitis in rats. iINOS and COX-2 expression were analysed by
western blot using colonic homogenates as described in materials and
methods. One hundred and fifty micrograms of protein were load in
each lane. Only two representative samples of each experimental
group (n = 10) were represented in this figure, but all of them were
analysed. a-actin expression was used as control for loading and
transfer.

Effects of probiotic administration on colonic bacterial
profile

TNBS colitis resulted in a significant reduction in faecal
lactobacilli count in comparison with normal rats
(P < 0-05), which was returned to normal values in probi-
otic-treated colitic rats (Fig. 7a). No statistical differences
were observed in bifidobacteria counts among three groups
(P > 0-1; Fig. 7a) nor in the amount of other faecal potential
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Figure 7 Effects of probiotic treatment (5 x 108 CFU per rat per day)
on (a) bacteria levels (lactobacillus and bifidobacteria) and on (b) lacto-
bacilli/pathogen ratio or bifidobacteria/pathogen ratio in trinitroben-
zenesulphonic acid (TNBS) experimental colitis in rats. The values are
represented as the mean + SEM (n = 10). *P < 0-05 vs TNBS control
group; *P< 001 vs noncolitic group. (O0) non-colitic; (M) TNBS-
control; (B) B. lactis; (@) L. acidophilus; () L. casei.
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pathogenic bacteria, such as entherobacteria or coliform
bacteria (data not shown). However, when the ratio of
lactobacilli/pathogen or bifidobacteria/pathogen was eval-
uated, the inflammatory process did result in a significant
decrease in comparison with normal rats. The administra-
tion of probiotic resulted, in all cases, in a normalization of
their corresponding ratio, that is B. lactis restored bifido-
bacteria/pathogen ratio, whereas both lactobacilli signifi-
cantly increased lactobacilli/pathogen ratio (Fig. 7b).

Discussion

The results obtained in the present study support previ-
ous studies describing the efficacy of probiotic therapy in
the treatment of intestinal conditions, like inflammation
and diarrhoea (Doron and Gorbach 2006). However,
these studies have also reported that not all probiotics are
equally beneficial, and these differences can be derived
from different mechanisms of action among micro-organ-
isms. For this reason, it is interesting to evaluate and
compare the effects of different probiotics in the same
experimental conditions in order to establish which
micro-organisms can show the best profile as anti-inflam-
matory agents, or even to know if different probiotics
may act synergistically to downregulate the intestinal
inflammation by acting on different targets in the inflam-
matory response.

In this study, we have described the preventative intes-
tinal anti-inflammatory activity of three probiotics B. lactis,
L. casei and L. acidophilus, in the TNBS model of rat
colitis. The results obtained confirm previous studies
performed with these micro-organisms in different experi-
mental models of colitis. The beneficial effect exerted by
B. lactis was initially observed by a significant reduction
in the number of rats with diarrhoea in comparison with
the colitic untreated group, suggesting the preservation of
the barrier integrity in the colon. This may be of interest
as a barrier disruption by inflammation leads to increased
stimulation by luminal antigens, such as food antigens,
bacterial toxins and micro-organisms, of the different
types of cells in the lamina propria, including immune
cells (Heyman et al. 1994). In fact, a previous study has
reported the ability of B. lactis in preserving the integrity
of intestinal mucosa in a murine short bowel model and
preventing bacterial translocation (Eizaguirre et al. 2002).
In addition, a recent study has proposed that B. lactis
promotes the activation of the TLR2 system in epithelial
cells (Ruiz et al. 2005), which may contribute to the pre-
servation of the barrier integrity in the colon (Cario et al.
2004). The evaluation of the colonic specimens from co-
litic rats treated with this probiotic showed a significant
decrease in the weight/length ratio, an index of colonic
oedema, which increased significantly as a consequence of
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the inflammatory process. This beneficial effect was also
associated with a restoration in colonic glutathione con-
tent, which is depleted as a result of the intense oxidative
stress that takes place after TNBS administration (Galvez
et al. 2001). This is an important mechanism for tissue
damage during chronic intestinal inflammation. In fact,
previous studies have shown that the antioxidant and/or
radical scavenging properties of different compounds,
including flavonoids and 5-aminosalicylic acid (5-ASA)
derivatives, may contribute to their beneficial effects in
these intestinal conditions (Grisham 1994; Camuesco et
al. 2004). When the different inflammatory mediators
were evaluated, B. lactis was able to significantly reduce
colonic TNFa production, a cytokine that has been repor-
ted to play a key role in intestinal inflammation (Rutge-
erts et al. 2004). This effect can be attributed to the
existence of a cross talk between bacteria and mucosal
cells, being able to downregulate the degree of activation
of intestinal immune cells, as it has been also proposed to
occur with B. lactis, either alone (Ruiz et al. 2005) or in
combination with other probiotics or prebiotics (Roller et
al. 2004). The intestinal anti-inflammatory effect of this
probiotic was also associated with a reduced expression of
iNOS and COX-2, which are induced in intestinal epithe-
lium during active intestinal inflammation (Kimura et al.
1997; Singer et al. 1998). It is interesting to note that this
effect may be associated with the aforementioned ability
of this probiotic to preserve glutathione content and to
exert antioxidant properties given the relationship previ-
ously established between oxidative stress and upregula-
tion of iNOS and COX-2 expression (Hecker et al. 1996;
Lu and Wahl 2005). The final consequence of these inter-
ventions would be the downregulation of the production
important proinflammatory mediators in IBD, i.e. reactive
nitrogen metabolites and prostaglandins, which have been
reported to play a key role in the pathophysiology of
these intestinal conditions (Fiocchi 1998).

Previous reports have shown that L. acidophilus can
exert immunomodulator properties (Galdeano and Perdigon
2004; Haghighi er al. 2005) that make this probiotic
bacteria suitable for the treatment of pathologies with an
altered immune response, including IBD. In fact, the
inoculation of this probiotic in mice inhibits murine coli-
tis induced by Citrobacter rodentium infection (Chen
et al. 2005). The present study reveals that L. acidophilus
partially prevents TNBS-induced colonic damage in rats,
as is evidenced both macroscopically, by a significant
decrease in the colonic damaged area and in the weight/
length ratio, and biochemically, by a significant reduction
in MPO activity, in comparison with untreated control
rats. The decrease in this enzyme activity reveals a lower
infiltration of neutrophils in the inflamed intestine, prob-
ably derived from the reduction in the colonic production
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of the chemotactic eicosanoid LTB, observed in the rats
treated with L. acidophilus. The inhibitory effect on neu-
trophil activity can result in an attenuation of the colonic
oxidative stress, as observed by the partial restoration in
colonic glutathione content elicited after the treatment of
colitic rats with this probiotic treatment. Consequently,
an inhibitory effect on LTB, synthesis and/or release
could be considered as a mechanism involved in the
beneficial effect exerted by the probiotic L. acidophilus in
this model of experimental colitis, similar to what has
been previously proposed for different drugs used in the
treatment of IBD, like sulphasalazine and 5-ASA (Travis
and Jewel 1994), or for dietary manipulations, like -3
polyunsaturated fatty acids (Camuesco et al. 2005a) or
prebiotics (Camuesco et al. 2005b). Finally, the intestinal
anti-inflammatory effect showed by this probiotic was
associated with a reduced expression of iNOS expression,
which would result in a lower NO production, thus
avoiding the deleterious effect of this free radical when
produced in large amounts (Grisham 1994).

The third probiotic used was L. casei, a probiotic that
has been reported to attenuate mucosal injury and
inflammatory response in the TNBS experimental model
of rat colitis, and the effect associated with a partial pre-
vention in bacterial translocation to mesenteric lymph
nodes, spleen and liver (Llopis ef al. 2005). The results
obtained in the present study confirm the beneficial effect
of this probiotic in this experimental model of rat colitis.
This was evidenced macroscopically by a significant
reduction in the colonic weight/length ratio, and bio-
chemically by significant amelioration of the glutathione
depletion. The effect was associated with a significant
reduction in COX-2 expression, probably derived from
the amelioration in the colonic oxidative stress that takes
place in this intestinal condition. However, when the
efficacy of L. casei is compared with the other two probi-
otics assayed in the present study, it shows a modest
intestinal anti-inflammatory effect.

A common feature in the three probiotics assayed is
their ability to modify colonic microflora, which was
altered as a consequence of the inflammatory process
induced by TNBS, similar to that described previously
(Peran et al. 2005). In fact, the probiotic treatment
resulted in a restoration in the ratio between pathogenic
bacteria and bifidobacteria (B. lactis) or lactobacilli
(L. acidophilus and L. casei). This effect can definitively
contribute to the beneficial effect exerted by these probi-
otics in this model of experimental colitis. In fact, it has
been previously described that the increase in Lactobacillus
sp. or Bifidobacteria sp. levels reduces the concentration
of adherent and translocated bacteria and attenuates the
colitis in IL-10 gene-deficient mice (Madsen et al. 1999),
thus preventing the pathogenic effect of other species
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that may play an important role in the generation of
the exacerbated immune response in intestinal inflam-
mation, as proposed, both in experimental models (Gar-
cia-Lafuente et al, 1997) and in humans (Cummings
et al. 2003).

In conclusion, the three probiotics assayed (B. lactis,
L. acidophilus and L. casei) have shown intestinal anti-
inflammatory activity in the TNBS model of rat colitis.
However, each probiotic shows its own anti-inflammatory
profile, confirming previous observations that not all the
probiotics present the same efficacy as anti-inflammatory
agents, and do not share the same mechanisms of action
in exerting the beneficial effect.
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RESUMEN
OBJETIVO

Los probidticos ensayados anteriormente mostrasolamente un efecto beneficioso
moderado, por lo que decidimos ensayar otros ptiobgycon propiedades afiadidas cuya seleccion
atendid a diferentes criterios como su capacidaa ggular la respuesta inmunolégica en la mucosa
intestinal mediante la produccion de citocinas. dste sentido, varias especies Laetobacillus
tienen la capacidad de afectar a la producciérfatgbr de necrosis tumoral (TNFa), citocina

proinflamatoria con un papel relevante en la pategis de la Ell.

El objetivo del presente estudio fue ensayafegite preventivo déactobacillus salivarius
ssp. salivarius en el modelo de colitis experimental por TNBS eatas. La seleccion de
Lactobacillus salivarius ssp. salivarius se basé en su capacidad de reducir la producei@itatinas
proinflamatorias, de adherirse a las células denleosa intestinal e inhibir el crecimiento de
bacterias patdégenas.

RESULTADOS

El tratamiento cohactobacillus salivarius ssp salivarius, mejoro la respuesta inflamatoria
en comparacion con las ratas coliticas no trat&mebservé un descenso significativo del grado de
necrosis y/o inflamacién (2,8 0,4 cm vs. 3,4 0,3 cm del grupo control, P<0.01) y del cociente
peso/longitud (143.3 + 11.8 mg/cm vs. 209.7 + 1h@/cm P<0.01), aumentados en las ratas
coliticas como consecuencia de la administracidnTeBS. El analisis histolégico mostré una
recuperacion muy evidente del dafio colénico, ptesele una menor infiltracion de neutréfilos en
comparacion con las ratas coliticas no tratadasetiaccion de la infiltracion leucocitaria también
se puso de manifiesto por una disminucion en lwidatl colénica de MPO (105;8 26,0 U/g vs.
180,6+ 21,9 U/g, P<0.05). El tratamiento cbactobacillus salivarius también logro restaurar de
manera significativa los niveles colénicos de dlata(1252+ 42 nmol/g vs. 108% 51 nmol/g,
P<0.05), que se depleciona a causa del estréstioridarovocado por el proceso inflamatorio.

Ademas, el tratamiento probiético redujo tambiénnd@nera significativa los niveles de TiNF
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colénico (509,4+ 68,2 pg/g vs. 782,2 60,1 pg/g, P<0.01) y la expresion colbnica deN@$ en
comparacion con los animales coliticos no trataBowmlmente, los animales tratados mostraron un
mayor recuento deactobacillus en el contenido coldnico, sin existir diferencéasel recuento de

Bifidobacterium.
CONCLUSION

El tratamiento con el probiétidoactobacillus salivarius ssp. salivarius CECT5713 facilita
la recuperacion del tejido inflamado en el modedocdlitis experimental por TNBS en rata, efecto
asociado a la inhibicion en la produccion de algude los mediadores implicados en la respuesta
inflamatoria intestinal, tales como citocinas, uydndo TN, y NO. Este efecto beneficioso se
podria atribuir a su efecto sobre la respuesta mitamia alterada caracteristica de la enfermedad

inflamatoria intestinal.
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Abstract

AIM: To investigate the intestinal anti-inflammatory effect
and mechanism of a probiotic Lactobadillus salivarius ssp.
salivarius CECT5713 in the TNBS model of rat colitis.

METHODS: Female Wistar rats (180-200 g) were used
in this study. A group of rats were administered orally the
probiotic L. salivarius ssp. salivarius (5x10® CFU suspended
in 0.5 mL of skimmed milk) daily for 3 wk. Two additional
groups were used for reference, a hon-colitic and a control
colitic without probiotic treatment, which received orally
the vehicle used to administer the probiotic. Two weeks
after starting the experiment, the rats were rendered colitic
by intracolonic administration of 10 mg of TNBS dissolved
in 0.25 mL of 500 mL/L ethanol. One week after colitis
induction, all animals were killed and colonic damage was
evaluated both histologically and biochemically. The
biochemical studies performed in colonic homogenates
include determination of myeloperoxidase (MPO) activity,
glutathione (GSH) content, leukotriene B, (LTB,) and tumor
necrosis factor o (TNF-a) levels, as well as inducible nitric
oxide synthase (iNOS) expression. In addition, the luminal
contents obtained from colonic samples were used for
microbiological studies, in order to determine Lactobacilli
and Bifidobacteria counts.

RESULTS: Treatment of colitic rats with L. salivarius ssp.
salivarius resulted in amelioration of the inflammatory
response in colitic rats, when compared with the corresponding

control group without probiotic treatment. This anti-
inflammatory effect was evidenced macroscopically by
a significant reduction in the extent of colonic necrosis
and/or inflammation induced by the administration of
TNBS/ethanol (2.3£0.4 cm v53.4£0.3 cm in control group,
P<0.01) and histologically by improvement of the colonic
architecture associated with a reduction in the neutrophil
infiltrate in comparison with non-treated colitic rats. The
latter was confirmed biochemically by a significant reduction
of colonic MPO activity (105.3+£26.0 U/g v5180.6+£21.9 U/g,
P<0.05), a marker of neutrophil infiltration. The beneficial
effect was associated with an increase of the colonic GSH
content (1 252+42 nmol/g vs 1 087+51 nmol/g, P<0.05),
which is depleted in colitic rats, as a consequence of the
oxidative stress induced by the inflammatory process. In
addition, the treatment of colitic rats with L. salivarius
resulted in a significant reduction of colonic TNF-o. levels
(509.4+68.2 pg/g vs782.9+60.1 pg/g, P<0.01) and in a
lower colonic iNOS expression, when compared to TNBS
control animals without probiotic administration. Finally,
treated colitic rats showed higher counts of Lactobacilli
species in colonic contents than control colitic rats, whereas
no differences were observed in Bifidobacteria counts.

CONCLUSION: Administration of the probiotic L. salivarius
ssp. salivarius CECT5713 facilitates the recovery of the
inflamed tissue in the TNBS model of rat colitis, an effect
associated with amelioration of the production of some
of the mediators involved in the inflammatory response
in the intestine, such as cytokines, including TNF-o and
NO. This beneficial effect could be ascribed to its effect
on the altered immune response that occurs in this
inflammatory condition.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic disease of
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the digestive tract, and usually refers to two related conditions,
namely ulcerative colitis and Crohn’s disease, characterized
by chronic and spontaneously relapsing inflammation.
Although the etiology of IBD remains unknown, there is
increasing experimental evidence to support a role for
luminal bacteria in the initiation and progression of these
intestinal conditions; probably related to an imbalance in the
intestinal microflora, relative predominance of aggressive
bacteria and insufficient amount of protective species!™?.
This could justify the remission achieved in intestinal inflam-
mation, after treatment with antibiotics such as metronidazole
ot ciprofloxacin®, or the fact that germ-free animals may
fail to develop experimental intestinal inflammation!. In
consequence, a possible therapeutic approach in IBD
therapy is the administration to these patients of probiotic
microorganisms, defined as viable nutritional agents
conferring benefits to the health of the human host. In
fact, it has been reported that administration of a mixture
of Bifidobacterium and Lactobacillus® ot of non-pathogenic
viable Escherichia coli” prolongs remission in ulcerative colitis.
Morteover, there ate reports on successful induction and
maintenance of remission of chronic pouchitis after oral
bactetiotherapy!™. However, treatments of Crohn’s disease
with probiotic preparations reported conflicting results® 2.

Different mechanisms have been proposed to patticipate
in the therapeutic effects exerted by probiotic microorganisms.
First, probiotic microorganisms may exert their action
through a modulation of the intestinal bowel flora, which
may result from competitive metabolic interactions with
potential pathogens, production of anti-microbial peptides,
or inhibition of epithelial adherence and translocation by
pathogens™"; second, probiotics have been proposed to
modulate the host defenses by influencing the intestinal
immune system!*"; and third, these microorganisms have
been reported to positively affect the intestinal barrier
function*'"". However, the detailed mechanisms by which
these bacteria mediate their effects are not fully understood.

Although the results obtained after probiotic treatment
in both human IBD and experimental colitis are promising,
new studies are required in order to further understand this
new concept for the therapy of IBD, even if we consider
the fact that many studies have shown that not all bacterial
species have equal activities in reducing intestinal
inflammation"®'"”. Hence, the selection of new probiotic
strains for the treatment of IBD can be based on their
ability to regulate the immune response of the intestinal
mucosa. This can be the case of Lacfobacilli strains, which
were able to downregulate the production of tumor necrosis
factor o) (TNF-0)). In fact, previous ex vivo experiments
have reported the ability of L. ¢asei and of L. bulgaricns to
downregulate TNF-0, production in colonic explants from
patients with Crohn’s disease™, thus supporting their future
development for IBD therapy. This may be of special
relevance, since several studies have attributed a key role in
the pathogenesis of IBD to this pro-inflammatory cytokine,
as evidenced by the increased production of TNF-0 in the
intestinal mucosa from IBD patients™*? as well as by a
number of clinical studies using anti-TNF-ot mAb therapy
that have cleatly shown a beneficial effect in these patients™.

The aim of the present study was to test the preventative

effects of a L. salivarius ssp. salivarius strain in the trinitrob-
enzenesulfonic acid (TNBS) model of rat colitis, a well-
established model of intestinal inflammation with some
resemblance to human IBD®PY. The selection of this
lactobacilli strain was based on previous 7z vitro studies that
showed its ability to adhere to human intestinal cells, to
inhibit pathogenic bacterial growth (unpublished results) and
to reduce the production of inflaimmatory cytokines by
immune cells. Special attention was paid to its effects on
the production of some of the mediators involved in the
inflammatory response, such as TNFa, leukotriene B,
(LTB,) and nitric oxide (NO). In addition, the correlation
among the intestinal anti-inflammatory effect of L. sa/ivarius
ssp. salivarins and modifications on colonic flora induced by
this probiotic was also studied.

MATERIALS AND METHODS

This study was carried out in accordance with the ‘Guide
for the Care and Use of Laboratory Animals’ as promulgated
by the National Institute of Health.

Reagents

All chemicals were obtained from Sigma Chemical (Madrid,
Spain), unless otherwise stated. Glutathione (GSH) reductase
was provided by Boehringer Mannheim (Barcelona, Spain).

In vitro modulation of cytokine production by bacteria
Puleva Biotech’s lactic acid bacteria collection was screened
for Lactobacilli bacteria with the ability to reduce the
production of inflammatory cytokines by activated
macrophages. For this purpose, rodent bone marrow-
derived macrophages, obtained as previously described®),
were stimulated with 100 ng/mL LPS,; in the presence ot
absence of 10° CFU/mL of each bacteria for 2 h. Then,
cells were washed with culture media to eliminate non-
attached bacteria, and cultured with new media for 12 h.
TNF-o, 11.-12, and I1.-10 production was evaluated by ELISA
in cell supernatants (CytoSets™, Biosource International,
Nivelles, Belgium) following manufacturet’s instructions.

Preparation and administration of the probiotic

L. salivarins ssp. salivarius CECT5713 was provided by Puleva
Biotech (Granada, Spain) and it was normally grown in MRS
media at 37 C in anaerobic conditions using the AnaetoGen
system (Oxoid, Basingstoke, UK). For probiotic treatment,
bacteria was suspended in skimmed milk (10’ CFU/mL)
and stored at -80 “C until usage.

Experimental design

Female Wistar rats (180-200 g) were obtained from the
Laboratory Animal Service of the University of Granada
(Granada, Spain) and maintained in standard conditions.
The rats were randomly assigned to three groups (# = 10);
two of them (non-colitic and control groups) received no
probiotic treatment and the other (treated group) received
orally the probiotic (5%X10® CFU suspended in 0.5 mL of
skimmed milk) daily for 3 wk. Both non-colitic and control
groups received orally the vehicle used to administer the
probiotic (0.5 mL daily). Two weeks after starting the
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experiment, the rats were fasted overnight and those from
the control and treated groups were rendered colitic by the
method originally desctibed by Morttis ez /™. Briefly, they
were anesthetized with halothane and given 10 mg of TNBS
dissolved in 0.25 mL of 500 mL/L ethanol by means of a
Teflon cannula inserted 8 cm through the anus. Rats from
the non-colitic group were administered intracolonically
0.25 mL of PBS instead of TNBS. All rats were killed with
an overdose of halothane, 1 wk after induction of colitis.

Assessment of colonic damage
The body weight, water and food intake were recorded daily
throughout the experiment. Once the rats were killed, the
colon was removed aseptically and placed on an ice-cold
plate, longitudinally opened and luminal contents were
collected for the microbiological studies (see below). Afterwards,
the colonic segment was cleaned of fat and mesentery,
blotted on filter paper; each specimen was weighed and its
length measutred under a constant load (2 g). The colon was
scored for macroscopically visible damage on a 0-10 scale
by two observers unaware of the treatment, according to
the criteria described by Bell ¢# a/P™ (Table 1), which takes
into account the extent as well as the severity of colonic
damage. Representative whole gut specimens were taken
from a region of the inflamed colon corresponding to the
adjacent segment to the gross macroscopic damage and were
fixed in 4% buffered formaldehyde. Cross-sections were
selected and embedded in paraffin. Equivalent colonic
segments were also obtained from the non-colitic group.
Full-thickness sections of 5 lm wete obtained at different
levels and stained with hematoxylin and eosin. The histological
damage was evaluated by two pathologist observers (AN
and AC), who were blinded to the experimental groups,
according to the criteria described previously by Stucchi
et alP (Table 2). The colon was subsequently divided into
four segments for biochemical determinations. Two
fragments wete frozen at -80 'C for myeloperoxidase (MPO)
activity and inducible nitric oxide synthase (INOS) expression,
and another sample was weighed and frozen in 1 mL of
50 g/L trichloroacetic acid for total GSH content determinations.
The remaining sample was immediately processed for the
measurement of TNF-o and LTB, levels. All biochemical
measurements were completed within 1 wk from the time
of sample collection and were performed in duplicate.
MPO activity was measured according to the technique
desctibed by Krawisz e al; the results wete expressed as MPO
units per gram of wet tissue; one unit of MPO activity was
defined as that degrading 1 umol hydrogen peroxide/min
at 25 C. Total GSH content was quantified with the
recycling assay described by Andersont’, and the results
were expressed as nanomole per gram of wet tissue. Colonic
samples for TNF-o and LTB, determinations were
immediately weighed, minced on an ice-cold plate and
suspended in a tube with 10 mmol/L sodium phosphate
buffer (pH 7.4) (1:5 w/v). The tubes were placed in a
shaking water bath (37 "C) for 20 min and centrifuged at
9 000 r/min for 30 s at 4 “C; the supernatants were frozen
at -80 ‘C until assay. TNF-ot was quantified by ELISA
(Amersham Pharmacia Biotech, Buckinghamshire, UK) and
the results were expressed as picogram per gram of wet

tissue. LTB, was determined by enzyme immunoassay
(Amersham Pharmacia Biotech, Buckinghamshire, UK) and
the results expressed as nanogram per gram of wet tissue.

iNOS expression was analyzed by Western blotting as
previously described?'l. Control of protein loading and
transfer was conducted by detection of the B-actin levels.

Table 1 Criteria for assessment of macroscopic colonic damage

Score Criteria

No damage

Hyperemia, no ulcers

Linear ulcer with no significant inflammation
Linear ulcer with inflammation at one site
Two or more sites of ulceration/inflammation

[ N S R =

Two or more major sites of ulceration and inflammation or
one site of ulceration/inflammation, extending >1 cmalong the
length of the colon

6-10 If damage covers >2 cm along the length of the colon, the score
isincreased by one, for each additional centimeter of involvement

Table 2 Criteria for assessment of microscopic colonic damage

Mucosal epithelium
Ulceration: none (0); mild - surface (1); moderate
(2); extensive-full thickness (3)
Crypts
Mitotic activity: lower third (0); mild mid-third
(1); moderate mid-third (2); upper third (3)
Mucus depletion: none (0); mild (1); moderate (2); severe (3)
Lamina propria
Mononuclear infiltrate: none (0); mild (1); moderate (2); severe (3)
Granulocyte infiltrate: none (0); mild (1); moderate (2); severe (3)
Vascularity: none (0); mild (1); moderate (2); severe (3)
Submucosal
Mononuclear infiltrate: none (0); mild (1); moderate (2); severe (3)
Granulocyte infiltrate: none (0); mild (1); moderate (2); severe (3)
Edema: none (0); mild (1); moderate (2); severe (3)

Maximum score: 27. Modified from Stucchi et al.?®!,

Microbiological studies

Luminal content samples were weighed, homogenized, and
serially diluted in sterile peptone water. Serial 10-fold
dilutions of homogenates were plated on specific media
tor Lactobacillus (MRS media, Oxoid) or Bifidobacteriun (MRS
media supplemented with 0.5 mg/L dicloxacillin, 1 g/L LiCl
and 0.5 g/L L-cysteine hydrochlotide) and incubated under
anaerobic conditions in an anaerobic chamber for 24-48 h
at 37 C. Coliforms and enterobacteria were also determined
by using specific Count Plates Petrifilm (3M, St. Paul, MN).
After incubation, the final count of colonies was reported
as logy, colony forming units per gram of material.

Statistical analysis

All results are expressed as meantSE. Differences between
means were tested for statistical significance using a one-
way analysis of variance (ANOVA) and post hoc least
significance tests. Non-parametric data (score) are expressed
as the median (range) and were analyzed using the Mann-
Whitney U-test. Differences between proportions were
analyzed with the ¥ test. All statistical analyses wete catried
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out with the Statgraphics 5.0 software package (STSC, MD),
with statistical significance set at P<0.05.

RESULTS

More than 30 lactic acid bacterial strains with the ability to
adhere to human intestinal cell lines and to inhibit pathogenic
bacterial growth 7 vitro belonging to the own Puleva Biotech
collection were screened for their ability to modulate the
production of inflammatory cytokines in LPS-stimulated
macrophages. The results obtained were highly diverse,
including bacteria with the ability to enhance or to reduce
inflammatory cytokine production (TNF-o and I1.-12)
modifying or not the expression of the anti-inflammatory
cytokine IL-10 (data not shown).

Among all the screened bactertia, L. sakivarius ssp. salivarius
(CECT5713) showed the best TNF-0//IL-10 and IL-12/
IL-10 ratio (Figure 1), since it was able not only to reduce
the LPS-induced TNF-ot and IL-12 production, but also to
increase the levels of IL-10. For these reasons, we decided
to use this strain to test its ability to prevent the inflammatory
response in the 77 vivo assay of experimental colitis.

20 1

T T 1
TNF/IL-10 IL 12/IL 10 TNF/IL-10 IL 12/IL 10
LPS stimulated

Non stimulated

Figure 1 Production of inflammatory cytokines by bone marrow-derived
macrophages (BMDM). TNF-c., IL-12, and IL-10 production was analyzed by
ELISA in the supernatants of BMDM stimulated or not with LPS (100 ng/mL) and
incubated with 10° CFU/mL of L. salivarius ssp. salivarius (CECT5713) (black
bars) or in absence of bacteria (gray bars). The results are the mean of three
assays+SE of the ratio between the pro-inflammatory cytokines (TNF-o. and IL-
12) and IL-10.

L. salivarius ssp. salivarins administration for 2 wk did not
induce any symptoms of diarrhea or affected weight evolution.
However, once the colitis was induced, the probiotic-treated
rats showed an overall lower impact of TNBS-induced
colonic damage compared to the TNBS control group. The
anti-inflammatory effect was evidenced macroscopically by
a significantly lower colonic damage score than that of control
rats (P<0.05), with a significant reduction in the extent of colonic
necrosis and/or inflammation induced by the administration
of TNBS/ethanol (Table 3). This anti-inflammatory effect
was also associated with a significant reduction in the colonic
weight/length ratio between both colitic groups, an index
of colonic edema, which increased significantly as a consequence
of the inflammatory process (Table 3). The histological studies
confirmed the intestinal anti-inflammatory effect exerted by
L. salivarins (Figure 2). Histological assessment of colonic
samples from the TNBS control group revealed severe
transmural disruption of the normal architecture of the
colon, extensive ulceration and inflammation involving all
the intestinal layers of the colon, giving a score value of
18.9£1.1 (meantSE). Colonic samples were characterized
by severe edema, interstitial micro-hemorrhages and diffuse
leukocyte infiltration, mainly composed of neutrophils in
the mucosa layer and, to a lesser extent, lymphocytes in the
submucosa. Most of the rats showed epithelial ulceration
of the mucosa affecting over 75% of the surface. The
inflammatory process was associated with crypt hyperplasia
and dilation, and moderate goblet cell depletion. However,
histological analysis of the colonic specimens from rats
treated with the probiotic revealed a more pronounced
recovery in the intestinal architecture than controls, with a
score of 11.2£2.4 (mean®SE) (P<0.01 »s TNBS control
group). Thus, most of the samples (7 of 10) showed almost
complete restoration of the epithelial cell layer, in contrast
to the extensive ulceration observed in non-treated animals;
in fact, the zones with ulceration were surrounded by tissue
in process of re-epithelization. Moreover, the transmural
involvement of the lesions was reduced. The goblet cell
depletion was less severe and thus they appeared replenished
with their mucin content, and no dilated crypts were observed.
The improvement in colonic histology was accompanied
by a reduction in the inflammatory infiltrate, which was

Figure 2 Histological sections of colonic mucosa from colitic rats 1 wk after
TNBS instillation stained with hematoxylin and eosin. A: Non-colitic group
showing the normal histology of the rat colon (original magnification x20);
B: TNBS control group showing complete destruction of the mucosa, which
has been substituted by inflammatory granulation tissue. There is evident edema

and intense diffuse transmural inflammatory infiltrate (original magnification x100);
C: L. salivarius ssp. salivarius treated group showing amelioration of the
inflammatory process and 'restoration’ of the mucosal tissue with presence of
mucin replenished goblet cells (original magnification x100).
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Table 3 Effects of L. salivarius ssp. salivarius (5x10% CFU/rat-d)
treatment on macroscopic damage score, extent of the inflamma-
tory lesion along the colon and changes in colon weight in TNBS
experimental colitis in rats

Group (n=10) Damage score Extent of damage Colon weight
(0-10) (cm) (mg/cm)
Non-colitic 0 0 63.3+2.5
TNBS control 6.5 (5-8) 3.4+0.3 209.7+17.0
TNBS probiotic 53-7)¢ 2.3+0.4° 143.3+11.8"

Damage score for each rat was assigned according to the criteria described in
Table 1 and data are expressed as median (range). Extent of damage and colon
weight data are expressed as mean+SE. P<0.05, *P<0.01 vs TNBS control. All
colitic groups differ significantly from non-colitic group.

slight to moderate with a patchy distribution, although
neutrophils were the predominant cell type.

The lower leukocyte infiltration was also assessed
biochemically by the reduction in colonic MPO activity, a
marker of neutrophil infiltration that was enhanced in the
TNBS control group (Table 4). In addition, probiotic-treated
colitic rats showed a significant increase in colonic GSH
content, which is depleted in colitic rats as a consequence
of the colonic oxidative stress induced by the inflammatory
process, as previously reported in this model of experimental
colitis®” (Table 4). Finally, the colonic inflammation
induced by TNBS was characterized by increased levels
of colonic TNF-ot and LTB, (Table 4) as well as by higher
colonic iNOS expression (Figure 3) in comparison with
non-colitic animals. Treatment of colitic rats with L.
salivarins resulted in a significant reduction of colonic TNF-o,
levels (Table 4), that did not show any statistical differences
with normal rats. No significant modification was observed
on colonic LTB, levels. Finally, lower colonic iNOS expression
was also seen in colitic animals that received the bacterial
suspension, when compared to TNBS control animals

(Figure 3).

TNBS-control

-_— . - ¢ :* iNOS
e ————— {5

Figure 3 Effects of L. salivarius ssp. salivarius treatment (5x10% CFU/rat-d)
on colonic nitric oxide synthase (NOS) expression in TNBS experimental colitis
in rats.

Non-colitic TNBS-probiotic

Effects of L. salivarius administration on colonic bacterial
profile

TNBS colitis resulted in a significant reduction in fecal
lactobacilli count in comparison with normal rats (P<0.05).
Probiotic-treated colitic rats showed higher counts of
Lactobacilli species in colonic contents than control colitic
rats, without showing statistical differences with both non-
colitic and colitic control groups (Figure 4). No statistical
differences were observed in Bifidobacteria counts among
three groups (P>0.1, Figure 4) nor in the amount of other
fecal potential pathogenic bacteria such as enterobacteria
or coliform bacteria (data not shown).

DISCUSSION

The results obtained in the present study reveal the efficacy
of probiotic therapy with a L. salivarius ssp. salivarius strain
in intestinal inflammation, incorporating a new microorganism
to the probiotics that have been reported to attenuate the
development of colonic injury in experimental and human
IBD™. Thus, oral administration of the probiotic facilitated
recovery from TNBS-induced colonic damage, as it was
evidenced histologically, with a significant reduction in
the extent and severity of inflamed tissue. This beneficial
effect was also stated biochemically by a dectease in colonic
MPO activity, a marker of neutrophil infiltration that has
been previously described to be upregulated in expetimental
colitis®, and is widely used to detect and follow intestinal
inflammatory processes. In consequence, a reduction in the
activity of this enzyme can be interpreted as a manifestation
of the anti-inflammatory activity of a given compound®.
The ability of the probiotic to reduce granulocyte infiltration,
showed by MPO activity reduction, was confirmed
histologically, since the level of leukocyte infiltrate in the
colonic mucosa was lower in treated colitic animals than in

[ INon-colitic [_]TNBS-control [l TNBS-probiotic

[ay

o N b~ OO O O
|

Bacteria levels
(CFU logse/g luminal content)

Lactobacillus Bifidobacteria

Figure 4 Effects of L. salivarius ssp. salivarius (5x10° CFU/rat-day) treatment
on bacteria levels (Lactobacillus and Bifidobacteria) in TNBS experimental
colitis in rats. °P<0.01 vs non-colitic group.

Table 4 Myeloperoxidase (MPO) activity, total GSH content, TNF-o. and LTB, levels in colon specimens from non-colitic rats, TNBS control
colitic rats and TNBS colitic rats treated with L. salivarius ssp. salivarius (5x10% CFU/rat-d)

Group (n=10) MPO activity (units MPO/g) GSH (nmol/g) LTB,(ng/g) TNF-o (pg/g)
Non-colitic 23.4+7.2 1 540+41 2.9+0.4 441.5+39.1
TNBS control 180.6+21.9¢ 1087514 6.5+0.9¢ 782.9+60.1¢
TNBS probiotic 105.3+26.02¢ 125244224 6.9+0.8¢ 509.4+68.2°

Data are expressed as mean=SE. *P<0.05, *P<0.01 vs TNBS control group; “P<0.01 vs non-colitic group.
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the corresponding TNBS control groups. The inhibitory
effect on the infiltration of inflammatory cells into the
colonic mucosa might account for the beneficial effect of
this probiotic against tissue injury, because margination and
extravasation of circulating granulocytes contribute markedly
to the colonic injuty in this model of IBDP?. These results
are in agreement with other studies, that describe the attenuation
exerted by several probiotics in leukocyte-endothelial cell
adhesion in this experimental model of rat colitisP®. This
effect can justify the inhibition of the synthesis and/or release
of different mediators that participate in the inflammatory
process, such as NO, since probiotic treatment of colitic rats
was associated with a reduction in colonic iNOS expression.
Moreover, this can also explain the improvement in the
colonic oxidative stress in colitic rats after probiotic treatment,
as evidenced by a partial restoration of the GSH depletion
that took place as a consequence of the TNBS colonic
damage.

Duting the last decade, it has become increasingly evident
that chronic colonic inflammation, both in human IBD and
in experimental colitis, is associated with enhanced NO
production, mainly via iINOS activity? ], as well as with
increased release of reactive oxygen metabolites, including
superoxide™*. The simultaneous overproduction of NO
and superoxide can yield the highly toxic radical, peroxynitrite
in the inflamed intestine™, which have been demonstrated
to produce widespread colonic injury™. It is important to
note that neutrophils are thought to be important source
of both NOM and reactive oxygen metabolites™.
Considering the above, the effect exerted by L. salivarius
ssp. salivarins in decreasing the neutrophil infiltration that
occurs in response to TNBS, may preserve the colonic
mucosa from oxidative insult. In fact, beneficial effects have
previously been reported either after NOS inhibition?”"
ot by antioxidant therapy®"*? in different experimental
models of intestinal inflammation.

Probiotic treatment could attenuate neutrophil infiltration
via inhibition of different mediators with chemotactic
activity. The results obtained in the present study revealed
that probiotic treatment did not significantly modify colonic
LTB, levels, an eicosanoid with chemotactic activity involved
in the pathogenesis of IBD. In consequence, the inhibitory
effect of leukocyte infiltration exerted by the probiotic should
be related to the downregulation of other pro-inflaimmatory
mediators, given the ability of this lactobacilli strain to
modulate the immune response as demonstrated by the 7 vitro
studies. In fact, the intestinal anti-inflammatory activity
exerted by L. salivarius ssp. salivarius was also characterized by
downregulation of colonic TNF-ot. This may be relevant since
TNF-0 acts as a potent chemoattractant, thus contributing
to the recruitment of neutrophil in the inflamed colonic
mucosa and initiating the inflammatory pathogenic cascade
that definitively petpetuates colonic inflammation. The
important role attributed to TNF-t in intestinal inflammation
is strongly supported by the fact that different drugs capable
of interfering with the activity of this mediator ate being
developed for IBD therapy™.. The ability of probiotic
bactetia to downregulate TNF-0, production has been
reported previously for other lactobacilli strains such as
L. casei and of L. bulgaricns, when they were cultured with

inflamed mucosa from patients with Crohn’s disease®. This
effect was attributed to the existence of a cross talk between
bacteria and mucosal cells, being able to downregulate the
degree of activation of intestinal immune cells™. This has
also been demonstrated in the present study for L. sa/ivarius
ssp. salivarins since it was able to modify the cytokine profile
in macrophages, reducing the amount of inflammatory
cytokines (TNF-ot and IL-12), while increasing the amount
of the anti-inflammatory cytokine I1.-10. The high diversity
of immuno-modulatory action of probiotics observed in
the screening of the bacteria are in concordance with previous
works showing both the ability of some lactic bacteria to
promote TNF-o production™ while othets such as L.
rhamnosns GG (LGG) reduced it™. LGG, a probiotic that
also reduces the ratio TNF-0./IL-10, has been reported to
exett intestinal anti-inflammatory effects both in human!
and in experimental intestinal inflammation®". This effect
of some probiotics on the immune response may be of
special relevance because it would promote a possible shift
from a Tyl-mediated immune response toward a T2/ T3
profile, similarly to that proposed to occur with Lactobacillus
GG™., Tt is important to note that replacing the bacteria
responsible for the constant antigenic drive leading to Tyl
cellular activation with probiotic species that preferentially
induce protective immune responses may alter the normal
course of these relapsing intestinal conditions. In addition,
probiotics like Bifidobacterium longum ot L. bulgaricus have
been shown to inhibit the IL-8 secretion in intestinal epithelia,
when stimulated by the pro-inflaimmatory cytokine TNF-0,
thus reducing the activity of other pro-inflammatory cytokines
with chemotactic activity™.

However, the participation of the modification in the
immune response in the intestinal anti-inflammatory effect
exerted by this probiotic does not exclude mechanisms
proposed for other probiotics, mainly due to a role in
preventing the imbalance in the intestinal microflora, given
the relative predominance of aggressive bacteria and
insufficient amount of protective species that has been reported
in these intestinal conditions"?. Previous studies have
suggested that in TNBS-induced colitis, specific strains from
colonic microflora invades the colonic wall after disruption
of the epithelium and the presence of bactetia within the
wall patticipates in the transmural inflammation®™. In fact,
the present study reveals that the colonic damage induced
by TNBS was associated with a significant reduction of
lactobacilli count in the colonic lumen, which was
counteracted after the probiotic treatment, since probiotic-
treated rats showed no statistical differences from non-colitic
rats in the lactobacilli content.

In conclusion, administration of the probiotic L. salivarius
ssp. salivarins CECT5713 facilitates the recovery of the
inflamed tissue in the TNBS model of rat colitis, an effect
associated with amelioration of the production of some of
the mediators involved in the inflammatory response of
the intestine, such as cytokines, including TNF-0, and NO.
This beneficial effect could be ascribed to its effect on the
altered immune response characteristic of this inflaimmatory
condition, which would attenuate the exacerbated immune
response evoked by the colonic instillation of the hapten
TNBS in the rats.
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3. Efectos preventivos del probidticd actobacillus
fermentum, capaz de liberar glutation en el modelo
de colitis experimental por TNBS en ratas







L. fermentum

RESUMEN
OBJETIVO

El desequilibrio entre la formacion de especiactivas de oxigeno y de compuestos
antioxidantes juega un papel muy importante eratagenesis y mantenimiento de la Ell, por tanto
una estrategia terapéutica podria ser su capaadadontrarrestar la produccién de especies
reactivas de oxigeno mediante la restauracién denieeles de productos antioxidantes como el
glutation, antioxidante enddgeno al que se le aghbun papel esencial en el mantenimiento de la

integridad de la mucosa y por tanto en la patoggiesla enfermedad inflamatoria intestinal.

El objetivo de este estudio fue probar los efegi@ventivos del probiéticbactobacillus

fermentum, capaz de producir glutation, en el modelo deisa@xperimental por TNBS en ratas.
RESULTADOS

Los ensayos in vitro ratificaron la capacidad Lagetobacillus fermentum de producir
glutation (1.4 + 0,3 mM en medio de cultivo), y precursory-Glu-Cys per se (2.3 + 0,2 mM en

medio de cultivo) frente a valores basales.

El tratamiento coractobacillus fermentum mejord la respuesta inflamatoria en las ratas
coliticas evidenciado mediante la longitud del d¢#® + 0.5 cm vs. 4.0+0.3 cm P<0.01) y la
medida del peso /longitud (149.7 + 13.0 mg/cm226.5 + 17.6 mg/cm P<0.01) y bioquimicamente
mediante una reduccién significativa de la actigitiéPO (193.7 + 25.9 U MPO/g vs. 313.0+6.1 U
MPO/g P<0.01); un aumento del glutation, agotadcelenolon como consecuencia del proceso
inflamatorio (1614 + 85 nmol/g vs. 1331 + 62 nmoPg0.05); reduccién de los niveles de la
citocina proinflamatoria TNé (469.5 + 67.6 pg/g vs. 680.9 + 52.8 pg/g P<0.959)nalmente una

reduccion de la expresion de la iINOS en comparamdrel grupo control.

Los estudios de los AGCC en el contenido colgnigoestran el aumento significativo de
los mismos en las ratas tratadas con el probigticorespecto al grupo control (Acetato: 18.3.9

mg/g heces vs. 6.2 1.6 mg/g heces P<0.05; Butirato: 2.6 + 0.7 mg/gebevs. 0.8 + 0.2 mg/g
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heces; Propionato: 5.3 £ 0.7 mg/g heces vs. 2.6 #1@/g heces). Finalmente, los animales tratados
mostraron un mayor recuento dactobacillus en el contenido coldnico, sin existir diferenciasel

recuento déifidobacterium.

CONCLUSION

La administracion del probidticbactobacillus fermentum mejora la recuperacién de la
colitis inducida por TNBS en rata, atribuido a wmento en los niveles colénicos de glutation, y a
una reduccion de la produccién de ciertos mediadarglicados en la respuesta inflamatoria
intestinal tales como TNFy oxido nitrico. Este efecto beneficioso tambiérpsdria atribuir a un
aumento en los niveles coldnicos de AGCC, asi camo mayor recuento deactobacillus en el

contenido coldnico.
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ORIGINAL ARTICLE

Lactobacillus fermentum, a probiotic capable
to release glutathione, prevents colonic
inflammation in the TNBS model of rat colitis

Abstract Background and aims:
Inflammatory bowel disease is asso-
ciated with intestinal oxidative stress.
In the present study we test the
preventative effect of Lactobacillus
fermentum, a probiotic that produces
per se glutathione, in the trinitroben-
zenesulphonic acid (TNBS) model
of rat colitis. Methods: Colitis was
induced in rats by intracolonic ad-
ministration of 10 mg of TNBS
dissolved in 0.25 ml of 50% ethanol.
L. fermentum was administered orally
(5%x10® CFU suspended in 0.5 ml of
skim milk) to a group of rats for 3
weeks, starting 2 weeks before colitis
induction. Colonic damage was eval-
uated both histologically and bio-
chemically, and the colonic luminal
contents were used for bacterial
studies as well as for short chain
fatty acid (SCFA) production.
Results: L. fermentum treatment
resulted in an amelioration of the
inflammatory response in colitic rats
as evidenced histologically and by a
significant reduction of colonic MPO
activity (P<0.05). The probiotic par-
tially counteracted the colonic gluta-
thione depletion induced by the
inflammatory process. In addition,
probiotic-treated colitic rats showed
significant lower colonic tumour ne-
crosis factor (TNF)« levels (P<0.01)
and inducible nitric oxide synthase
(iNOS) expression when compared to
non-treated rats. Finally, the probiotic
induced growth of Lactobacilli spe-
cies and production of SCFA in

colonic contents in comparison

with control colitic rats.

Conclusion: Administration of the
probiotic L. fermentum facilitates
the recovery of the inflamed tissue
in the TNBS model of rat colitis, an
effect associated with increased levels
of glutathione as well as with ame-
lioration of the production of some
of the mediators involved in the
inflammatory response of the intes-
tine, such as TNFo and NO.

Keywords Lactobacillus fermentum -
TNBS experimental rat colitis -
Glutathione - Oxidative stress
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Introduction

Inflammatory bowel disease (IBD) is a chronic disease of
the digestive tract, and usually refers to two related con-
ditions, ulcerative colitis and Crohn’s disease, which are
characterised by chhronic and spontaneously relapsing in-
flammation. Although the aetiology of IBD remains un-
known, there is increasing experimental evidence to support
a role for luminal bacteria in the initiation and progression
of these intestinal conditions, probably related to an im-
balance in the intestinal microflora, relative predomi-
nance of aggressive bacteria and insufficient amount of
protective species [1, 2]. This could justify the remission
achieved in intestinal inflammation after treatment with
antibiotics such as metronidazole or ciprofloxacin [3], or
the fact that germ-free animals may fail to develop ex-
perimental intestinal inflammation [4]. A possible ther-
apeutic approach in IBD therapy is the administration of
probiotic microorganisms, defined as viable nutritional
agents conferring benefits to the health of human host. In
fact, it has been reported that administration of a mixture
of Bifidobacterium and Lactobacillus [5] or of non-path-
ogenic viable Escherichia coli [6] prolongs remission in
ulcerative colitis. Moreover, there are reports of success-
ful induction and maintenance of remission of chronic
pouchitis after oral bacteriotherapy [7, §].

Different mechanisms have been proposed to participate
in the therapeutic effects exerted by probiotic microorgan-
isms. Firstly, these microorganisms could exert their ac-
tion through a modulation of the intestinal bowel flora,
which may result from competitive metabolic interactions
with potential pathogens, production of anti-microbial pep-
tides, or inhibition of epithelial adherence and translocation
by pathogens [5, 9]; secondly, probiotics have been pro-
posed to modulate the host defenses by influencing the
intestinal immune system [10, 11]; and thirdly, these mi-
croorganisms have been reported to positively affect the
intestinal barrier function [12, 13]. Moreover, an interesting
approach in IBD treatment is the administration of pro-
biotics capable of delivering in the intestinal lumen com-
pounds that have been reported to exert beneficial effects
in these intestinal conditions. Thus, the use of genetically
modified Lactococcus lactis able to promote the delivery
of either the anti-inflammatory cytokine mIL-10 [14] or
trefoil factors [15] in the intestine cures or prevents exper-
imental enterocolitis in mice. In addition, nitric oxide re-
leased by Lactobacillus farciminis improves experimental
colitis in rats [16].

It is well reported that IBD is characterised by an un-
balanced formation of reactive oxygen species and anti-
oxidant micronutrients, and this may be important in the
pathogenesis and/or perpetuation of the tissue injury in
IBD [17, 18], which may provide a rationale for therapeutic
modulation of these intestinal conditions with antioxidants.
Thus, antioxidant therapy has been shown to be beneficial

in experimental models of colitis [19-21], having been
proposed that the beneficial effects exerted by 5-aminsa-
lycilic derivates in human IBD are derived from their an-
tioxidant properties [22]. In addition, glutathione, the major
component of the endogenous nonprotein sulthydryl pool,
is an endogenous antioxidant that is essential in maintain-
ing mucosal integrity; and some experimental data confirm
this important role. Firstly, the inflammatory status in ex-
perimental colitis is associated with its depletion [17, 18];
secondly, when the sulfhydryl blocker iodoacetamide is
administered intracolonically to rats, they develop colonic
inflammation [23]; and thirdly, glutathione supplemen-
tation improves colonic damage in experimental colitis
[24, 25]. Considering all of the above, a probiotic strain
able to directly produce or promote the intestinal release
of glutathione could have potential use in the treatment
of IBD.

The aim of the present study was to test the preventative
effects of a Lactobacillus fermentum strain in the trini-
trobenzenesulphonic acid (TNBS) model of rat colitis, a
well-established model of intestinal inflammation with
some resemblance to human IBD [26]. The selection of
this lactobacilli strain was based on its capacity to pro-
duce glutathione, an uncommon feature amongst lactoba-
cilli strains. Special attention was paid to its effects after
oral administration to colitic rats on the colonic glutathi-
one levels and on the production of some of the mediators
involved in the inflammatory response, such as tumour
necrosis factor o (TNFe), leukotriene B, (LTB,4) and ni-
tric oxide (NO). In addition, the correlation between the
intestinal anti-inflammatory effect of L. fermentum and
the modifications induced on colonic flora and on SCFA
production in the luminal contents was also studied.

Materials and methods

This study was carried out in accordance with the ‘Guide
for the Care and Use of Laboratory Animals’, as promul-
gated by the National Institute of Health, and was approved
by the Animal Research and Ethic Committee of the Uni-
versity of Granada (Spain).

Reagents

All chemicals were obtained from Sigma (Madrid, Spain),
unless otherwise stated. Glutathione reductase was pro-
vided by Boehringer Mannheim (Barcelona, Spain).
Glutathione production in bacteria

Puleva Biotech lactic acid bacterial collection was screened
for Lactobacilli bacteria with the ability to produce glu-
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tathione. Cultures were grown in MRS medium at 37°C for
24 h and used to inoculate 50-ml Falcon tubes containing
MRS medium. Cells were incubated for 24 h and 1-ml
samples were taken to analyse glutathione content. Cells
were washed with distilled water, suspended in 300 pl of
TCA 7.5% (w/v) and disrupted by stirring. The mixture
was centrifuged (at 10,500 g for 2 min) and 100 pl from
the supernatant was transferred to a new tube containing
300 ul of MilliQ water. A portion (20 pl) from this so-
lution was mixed with 340 ul of 0.6 M phosphate buffer
(pH 7.8) and 340 upl of 1.25 mM Tris (carboxyethyl)
phosphine HCI (TCEP) in 20 mM HCI. The sample was
placed in the dark for 15 min, and then 800 pl of 12 mM
ortho-pthalaldehyde in 50 mM sodium acetate was added
and samples were placed at 4°C for 15 min. Samples were
analysed by HPLC using a Spherisorb S3 ODS column
at 0.8 ml/min in isocratic mode using 50 mM sodium
acetate (pH 7.7)/acetonitrile (96:4) as mobile phase.

Preparation and administration of the probiotic

L. fermentum 5716, a human breast milk derived strain
[27], was obtained from Puleva Biotech (Granada, Spain)
and was normally growth in MRS media at 37°C under
anaerobic conditions using the Anaerogen system (Oxoid,
Basingstoke, UK). For probiotic treatment, bacteria was
suspended in skim milk (10° CFU/ml) and stored at —80°C
until usage.

Experimental design

Female Wistar rats (180-200 g) were obtained from the
Laboratory Animal Service of the University of Granada
(Granada, Spain) and maintained under standard condi-
tions. The rats were randomly assigned to three groups
(n=10); two of them (non-colitic and control groups) re-
ceived no probiotic treatment and the other (treated group)
received the probiotic orally (5x10° CFU suspended in
0.5 ml of skim milk), daily for 3 weeks. Both non-colitic
and control groups were given daily administration of the
vehicle used to administer the probiotic (0.5 ml of skim
milk). Two weeks after the treatment was started, the rats
were fasted overnight and those from the control and
treated groups were rendered colitic by the method orig-
inally described by Morris et al. [28]. Briefly, they were
anaesthetised with halothane and given 10 mg of TNBS
dissolved in 0.25 ml of 50% ethanol (v/v) by means of
a Teflon cannula inserted 8 cm through the anus. Rats
from the non-colitic group were administered intracolon-
ically with 0.25 ml of phosphate-buffered saline instead
of TNBS. All rats were killed with an overdose of halo-
thane 1 week after induction of colitis.

Assessment of colonic damage

Body weight, water and food intake were recorded daily
throughout the experiment. After the rats were sacrificed,
the colon was removed aseptically and placed on an ice-
cold plate, and longitudinally opened; then the luminal
contents were collected for microbiological studies and for
SCFA quantification (see below). Afterwards, the colonic
segment was cleaned of fat and mesentery, blotted on filter
paper; each specimen was weighed and its length measured
under a constant load (2 g). The colon was scored for
macroscopically visible damage on a 0-10 scale by two
observers who were unaware of the treatment, according to
the criteria described by Bell et al. [29] and Camuesco et al.
[30], which take into account the extent as well as the
severity of colonic damage. Representative whole gut spec-
imens were taken from a region of the inflamed colon
corresponding to the adjacent segment to the gross mac-
roscopic damage and were fixed in 4% buffered formal-
dehyde. Cross-sections were selected and embedded in
paraffin. Equivalent colonic segments were also obtained
from the non-colitic group. Full-thickness sections of 5 um
were taken at different levels and stained with haematox-
ylin and eosin. The histological damage was evaluated on a
0-27 scale by two pathologist observers (A.N. and A.C.),
who were blinded to the experimental groups, according
to the criteria described previously [30]. The colon was
subsequently divided into four segments for biochemical
determinations. Two fragments were frozen at —80°C for
myeloperoxidase (MPO) activity and inducible nitric oxide
synthase (iINOS) expression, and another sample was
weighed and frozen in 1 ml of 50 g/l trichloroacetic acid
for total glutathione content determination. The remaining
sample was immediately processed for the measurement of
TNF« and leukotriene B, (LTB,) levels. All biochemical
measurements were performed in duplicate and completed
within 1 week of sample collection.

MPO activity was measured according to the technique
described by Krawisz et al. [31]; the results were expressed
as MPO units per gram of wet tissue; 1 unit of MPO
activity was defined as that degrading 1 umol hydrogen
peroxide/min at 25°C. Total glutathione content was quan-
tified with the recycling assay described by Anderson [32],
and the results were expressed as nmol/g wet tissue. Co-
lonic samples for TNFoe and LTB,4 determinations were
immediately weighed, minced on an ice-cold plate and
suspended in a tube with 10 mM sodium phosphate buffer
(pH 7.4) (1:5 w/v). The tubes were placed in a shaking
water bath (37°C) for 20 min and centrifuged at 9,000 g for
30 s at 4°C; the supernatants were frozen at —80°C until
assay. TNFo was quantified by enzyme-linked immunoab-
sorbent assay (Amersham Pharmacia Biotech, Bucking-
hamshire, UK) and the results were expressed as pg/g wet
tissue. LTB, was determined by enzyme immunoassay
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(Amersham Pharmacia Biotech) and the results expressed
as ng/g wet tissue. iNOS expression was analysed by
Western blotting as previously described [20], and control
of protein loading and transfer was conducted by detection
of the 3-actin levels.

Microbiological studies

Luminal content samples were homogenised in peptone
physiological saline (100 mg faeces/ml). Tenfold serial
dilutions were made in the same medium and aliquots of
0.1 ml of the appropriate dilution were spread onto the
following agar media: MRS agar for lactobacilli, MRS
agar supplemented with 0.5 mg/l dicloxacillin, 1 g/l LiCl
and 0.5 g/l L-cysteine hydrochloride for Bifidobacterium;
reinforced clostridial containing 20 pg/ml de polymyxin
for Clostridium. All media were obtained from Oxoid
(Basingstoke, UK), whereas antibiotics and other supple-
ments were obtained from Sigma (St. Louis, MO). Culture
plates were incubated in absence of oxygen at 37°C for
24-48 h. Similarly, 1 ml of suitable dilution was spread
onto specific Count Plates Petrifilm (3M, St. Paul, MN)
for coliforms, for total aerobes and for Enterobacteria-
ceae. Plates were incubated at 37°C for 24 h. After the
incubation, the specific colonies grown on the selective
culture media were counted and the number of viable mi-
croorganism per gram faecal (CFU/g) was calculated. The
mean and standard error per group were calculated from
the log values of the CFU/g.

SCFA quantification in colonic contents

To quantify the SCFA concentration in the colonic lumi-
nal contents, samples were homogenised with 150 mM
NaHCO; (pH 7.8) (1:5, wt/v) in an argon atmosphere.
Samples were incubated for 24 h at 37°C and stored at
—80°C until the extraction. To extract the SCFAs, 50 ul of
the internal standard 2-methylvaleric acid (100 mM), 10
ul of sulphuric acid and 0.3 ml of ethyl acetate were
added to 1 ml of the homogenate and then centrifuged at
10,000 g for 5 min at 4°C. The supernatants were de-
hydrated with sodium sulphate anhydrous and centrifuged
10,000 g for 5 min at 4°C. Later, 0.5 ml of the sample was
splitless inoculated into a gas chromatograph (Varian CP-
3800) equipped with an ID (CPWAX 52CB 60 mx(.25
mm), and connected to a FID detector (Varian, Lake Forest,
CA). Helium was used as the carrier and the make-up gas,
with a flow rate of 1.5 ml/min. Injection temperature was
250°C. Acetate, propionate and butyrate concentrations
were automatically calculated from the areas of peaks using
the Star Chromatography WorkStation program (version
5.5), which was on-line connected to the FID detector.

Statistics

All results are expressed as the mean+SEM. Differences
between means were tested for statistical significance using
a one-way analysis of variance (ANOVA) and post-hoc
least significance tests. Non-parametric data (score) are
expressed as the median (range) and were analysed using
the Mann—Whitney U-test. Differences between propor-

Table 1 Effects of L. fermentum (5%10° CFU/rat-day) treatment on macroscopic damage score, extent of the inflammatory lesion along the
colon and changes in colon weight in TNBS experimental colitis in rats

Group (n=10) Damage score (0-10)

Extent of damage (cm)

Colon weight (mg/cm)

Non-colitic 0 0 60.4+2.8
TNBS control 7 (6-9) 4.0+0.3 226.5+17.6
TNBS probiotic 5.5 (2-7)* 2.6+0.5%* 149.7+13.0%*

Damage score for each rat was assigned according to the criteria described in Table 1 and data are expressed as median (range). Extent of

damage and colon weight data are expressed as mean+SEM

*P<0.05, **P<0.01 vs TNBS control. All colitic groups differ significantly from non-colitic group (P<0.01, not shown)
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tions were analysed with the chi-square test. All statistical
analyses were carried out with the Statgraphics 5.0 soft-
ware package (STSC, Maryland), with statistical signifi-
cance set at P<0.05.

Results

Intestinal anti-inflammatory activity of L. fermentum
administration in rats with TNBS-induced colitis

More than 50 strains of lactic acid bacteria belonging to
Puleva Biotech’s collection were screened for their abil-
ity to produce glutathione. The results confirmed that the
ability to produce glutathione is not a common feature in
the lactobacilli group, although it has been reported in
other prokaryotic microorganism [33, 34]. In fact, the pro-
duction of glutathione was detectable in the strain L.
fermentum 5716, which, in addition to its ability to produce
glutathione (1.4+0.3 mM in culture media), was also able
to generate the antioxidant dipeptide y-Glu-Cys (2.3+£0.2
mM in culture media) (Fig. 1). For this reason, we decided
to use this strain to test its ability to prevent the in-
flammatory response in the in vivo assay of experimental
colitis.

L. fermentum 5716 administration for 2 weeks failed to
induce any symptoms of diarrhoea or effect in the weight
evolution (data not shown). However, once colitis was
induced, the probiotic-treated rats showed an overall lower
impact of TNBS-induced colonic damage compared to the
TNBS control group. The anti-inflammatory effect was
evidenced macroscopically by a significantly lower colonic
damage score than that of control rats (P<0.05), with a
significant reduction of the extent of colonic necrosis and/
or inflammation (Table 1). This anti-inflammatory effect
was also associated with a significant reduction of the
colonic weight/length ratio between both colitic groups, an
index of colonic oedema that is increased significantly as a
consequence of the inflammatory process (Table 1). The
histological studies confirmed the intestinal anti-inflam-
matory effect exerted by L. fermentum (Fig. 2). Histolog-
ical assessment of colonic samples from the TNBS control
group revealed severe transmural disruption of the normal
architecture of the colon, extensive ulceration and inflam-
mation involving all the intestinal layers of the colon,
giving a score value of 21.6+2.3 (mean+SEM). Colonic
samples were characterised by severe oedema, interstitial
microhaemorrhages and diffuse leucocyte infiltration,
mainly composed of neutrophils in the mucosa layer and,
to a lesser extent, lymphocytes in the submucosa. Most of
the rats showed epithelial ulceration of the mucosa af-
fecting over 75% of the surface. The inflammatory process
was associated with crypt hyperplasia and dilation, and

Fig. 2 Histological sections of colonic mucosa from colitic rats 1
week after TNBS instillation stained with haematoxylin and eosin. a
Non-colitic group showing the normal histology of the rat colon
(original magnification x20). b TNBS control group showing com-
plete destruction of the mucosa, which has been substituted by in-
flammatory granulation tissue. There is evident edema and intense
diffuse transmural inflammatory infiltrate (original magnification
x100). cL. fermentum-treated group showing amelioration in the
inflammatory process and ‘restoration’ of the mucosal tissue with
the presence of mucin-replenished goblet cells (original magnifica-
tion x100)
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Table 2 Myeloperoxidase (MPO) activity, total glutathione (GSH) content, TNFx and LTB, levels in colon specimens from non-colitic
rats, TNBS control colitic rats and TNBS colitic rats treated with L. fermentum (5x10° CFU/rat-day)

Group MPO activity (units MPO/g) GSH (nmol/g) LTB, (ng/g) TNFa (pg/g)
Non-colitic (#=10) 8.3+1.8 1,937+37 3.7+0.4 331.6+25.7
TNBS control (n=10) 313.0+6.1% 1,331£62" 14.6+1.7% 680.9+52.8"
TNBS probiotic (n=10) 193.7+£25.9" % 1,614+85"* 13.241.6™ 469.5+67.6*"

Data are expressed as mean+SEM

*P<0.05, **P<0.01 vs TNBS control group; “P<0.05, *P<0.01 vs non-colitic group

moderate to severe goblet cell depletion. However, histo-
logical analysis of the colonic specimens from rats treated
with the probiotic revealed a more pronounced recovery
of the intestinal architecture than controls, with a score of
9.4+1.9 (mean+SEM) (P<0.01 vs TNBS control group).
Thus, most of the samples (nine of ten) showed almost
complete restoration of the epithelial cell layer, in contrast
to the extensive ulceration observed in non-treated ani-
mals; in fact, the zones with ulceration were surrounded
by tissue in process of re-epithelisation. Moreover, the
transmural involvement of the lesions was reduced. The
goblet cell depletion was less severe and thus they ap-
peared replenished with their mucin content, and no di-
lated crypts were observed. The improvement in colonic
histology was accompanied by a reduction in the inflam-
matory infiltrate, which was slight to moderate with a
patchy distribution, although neutrophils were the pre-
dominant cell type.

The lower leucocyte infiltration was also assessed
biochemically by the reduction of colonic MPO activity,
a marker of neutrophil infiltration that was enhanced in
the TNBS control group (Table 2). In addition, probiotic-
treated colitic rats showed a significant increase of colonic
glutathione content, which is depleted in colitic rats as a
consequence of the colonic oxidative stress induced by
the inflammatory process, as previously reported in this
model of experimental colitis [35] (Table 2). Finally, the
colonic inflammation induced by TNBS was characterised
by increased levels of colonic TNFo and LTB, (Table 2)
as well as by a greater colonic iNOS expression (Fig. 3) in
comparison with non-colitic animals. Treatment of colitic
rats with L. fermentum resulted in a significant reduction
of colonic TNFx levels (Table 2), but no significant mod-
ification of colonic LTBy, levels was obtained between both

TNBS-control

'-" a -

Non-colitic L. fermentum

iNOS

— . c BT—— A, 3-C i1

Fig. 3 Effects of L. fermentum treatment (5x10° CFU/rat-day) on
colonic nitric oxide synthase (NOS) expression in TNBS experi-
mental colitis in rats

colitic groups (Table 2). Finally, a lower colonic iNOS
expression was also observed in colitic animals that re-
ceived the bacteria suspension when compared to TNBS
control animals (Fig. 3).

Effects of L. fermentum administration on colonic
bacterial profile

TNBS colitis resulted in a significant reduction of faecal
lactobacilli count in comparison with normal rats (P=
0.003). Probiotic-treated colitic rats showed significantly
higher counts of Lactobacilli species in colonic contents in
comparison with control colitic rats (P=0.039), without
showing statistical differences with non-colitic control
group (Fig. 4). No statistical differences were observed in
Bifidobacteria counts amongst three groups (P>0.1; Fig. 4)
or in the amount of other faecal potential pathogenic bac-
teria such as entherobacteria or coliforms (data not shown).

Effects of L. fermentum administration on SCFA
production

When the colonic contents from TNBS control rats were
incubated for 24 h, a reduction of the levels of SCFA was

[-7-] non-colitic TNBS-control = TNBS-probiotic

Bacteria levels
(CFU log,/g luminal content)

Bifidobacterium

Lactobacillus

Fig. 4 Effects of L. fermentum (5x10% CFU/rat-day) treatment on
bacteria levels (Lactobacillus and Bifidobacteria) in TNBS experi-
mental colitis in rats. ¥*P<0.05 vs TNBS control; #P<0.01 vs non-
colitic group
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Table 3 Effects of L. fermentum (5x10° CFU/rat-day) treatment on short chain fatty acid production in colonic contents in TNBS

experimental colitis in rats

Propionate (mg/g faeces)

Butyrate (mg/g faeces)

Group Acetate (mg/g faeces)
Non-colitic (#=8) 25.3£2.9
TNBS control (n=9) 6.2+1.6
TNBS probiotic (n=10) 13.3+1.9*

11.5+1.0 6.3+1.1
2.740.6 0.8+0.2
5.3+0.7** 2.6+0.7%*

Data are expressed as mean+SEM

*P<0.05, **P<0.01 vs TNBS control. All colitic groups differ significantly from non-colitic group (P<0.01, not shown)

observed compared to non-colitic rats (P<0.01, Table 3),
similar to that described previously in this model of ex-
perimental colitis [36]. However, the intestinal contents
obtained from the colitic treated rats showed greater ace-
tate, butyrate and propionate production than those from
TNBS control rats without probiotic treatment (P<0.01,
Table 3).

Discussion

IBD is characterised by the abnormal production of free
radicals with resultant oxidant-induced tissue injury and
reduced antioxidant defenses [17, 18]. For this reason, an-
tioxidant therapy can constitute an interesting approach in
the downregulation of this inflammatory condition. In fact,
the beneficial effects exerted by the 5-aminosalicylic de-
rivatives in the treatment of IBD have been partially at-
tributed to their antioxidant and free radical scavenger
properties [22]. Moreover, several antioxidant compounds,
such as flavonoids or vitamin E, have been reported to
exert anti-inflammatory activity in experimental models of
rat colitis [19-21], which was associated with restoration
of glutathione colonic mucosal levels. Glutathione is a
sulfhydryl-derived compound that actively participates in
the antioxidant mechanisms of the intestinal mucosa, pre-
serving it from oxidant-induced tissue damage. Different
studies have reported diminished glutathione content in
these intestinal conditions, both in humans [37] and in
experimental models of rat colitis [19-21], and that glu-
tathione supplementation results in beneficial effects in
experimental colitis [24, 25]. All these facts prompted us
to evaluate the intestinal anti-inflammatory effect of the
probiotic L. fermentum, a microorganism that has been
demonstrated in vitro to produce antioxidant compounds,
such as glutathione and its precursor the dipeptide y-Glu-
Cys, in the TNBS model of rat colitis.

The results obtained in the present study reveal the
efficacy of L. fermentum in this experimental model of
colitis, thus incorporating a new microorganism to the
probiotics that have been reported to attenuate the devel-
opment of colonic injury in experimental and human IBD
[38]. This beneficial effect was histologically evidenced
with a significant reduction of the extent and severity of
inflamed tissue achieved after probiotic treatment in com-

parison with non-treated colitic rats. The anti-inflammatory
effect was also stated biochemically, since its administra-
tion to colitic rats resulted in a significant inhibition of
colonic MPO activity, a marker of neutrophil infiltration
previously described to be upregulated in experimental
colitis [31], and widely used to detect and follow intestinal
inflammatory processes. In consequence, a reduction of the
activity of this enzyme can be interpreted as a manifesta-
tion of the anti-inflammatory activity of a given compound
[39]. The ability of the probiotic to reduce granulocyte
infiltration was confirmed histologically since the level of
leucocyte infiltrate in the colonic mucosa was lower in
treated colitic animals than in the corresponding TNBS
control groups. This may account for the beneficial effect
showed by this probiotic because margination and extra-
vasation of circulating granulocytes contributes markedly
to the colonic injury in this model of IBD [40]. These
results are in agreement with other studies that describe the
attenuation exerted by several probiotics in leucocyte—
endothelial cell adhesion in this experimental model of rat
colitis [16]. The inhibitory effect on leucocyte infiltration
may be the consequence of the preventative effect exerted
by the probiotic against the free radical derived oxidative
injury that takes place after TNBS instillation in the colonic
tissue [25, 41], since the intestinal anti-inflammatory effect
was associated with a restoration of the colonic glutathione
levels in comparison with non-treated colitic rats. The
production of y-Glu-Cys, precursor of glutathione, by this
Lactobacilli strain may play a key role, since it has been
described to be more efficiently uptaken than glutathione
in the intestine. Although y-Glu-Cys can be also substrate
for other enzymes, like gamma-glutamylcyclotransferase,
glutathione synthesis is increased in animal cells because
of its higher affinity for the enzyme glutathione synthetase
[42]. The free radical scavenger properties attributed to
both compounds, y-Glu-Cys and glutathione, produced by
this probiotic seem to be crucial in its anti-inflammatory
effect. In fact, it has been proposed that free radical gen-
eration in the inflamed tissue constitutes an early signal that
promotes the infiltration of neutrophils into colonic tissue,
which in turn produce a large amount of free radicals that
actively participate in the perpetuation of the inflammatory
response [43]. For this reason, the rapid neutralisation of
these reactive oxygen species would result in the inhibi-
tion of neutrophil infiltration, as observed in the present
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study. The inhibitory effect of the probiotic on the produc-
tion and/or release of others mediators with chemotactic
properties, like LTB,, can be ruled out because the pro-
biotic treatment was not associated with a significant mod-
ification of the colonic levels of this eicosanoid in
comparison with non-treated colitic rats.

Moreover, this inhibitory effect on neutrophil infiltration
attributed to the probiotic may also justify the inhibition of
the synthesis and/or release of NO, another mediator that
participates in the inflammatory process, since probiotic
treatment of colitic rats was associated with a reduction in
colonic iNOS expression. During the last decade, it has
become increasingly clear that chronic colonic inflamma-
tion, both in human IBD and in experimental colitis, is
associated with enhanced NO production, mainly via iNOS
activity [44—46]. The simultaneous overproduction of NO
and reactive oxygen metabolites, like superoxide anion,
can yield the highly toxic radical peroxynitrite in the in-
flamed intestine [17]. Since neutrophils have been also
considered as an important source of NO [47, 48], the
effect exerted by L. fermentum in decreasing the neutro-
phil infiltration may in turn contribute to preserve colonic
mucosa from peroxynitrite insult.

The present study also reveals that probiotic treatment
promotes the downregulation of TNFx, a pro-inflamma-
tory mediator that has been proposed to play a key role in
colonic inflammation [49]; in fact, different drugs capable
of interfering with the activity of this mediator are being
developed for IBD therapy [50]. The ability of probiotic
bacteria to downregulate TNFx production has been re-
ported previously for other lactobacilli strains such as L.
casei and of L. bulgaricus when they were cultured with
inflamed mucosa from patients with Crohn’s disease [51].
This effect was attributed to the existence of a cross-talk
between bacteria and mucosal cells, being able to down-
regulate the degree of activation of intestinal immune cells
[51]. The results obtained in the present study show that, in
the case of L. fermentum, this relationship between bacteria
and mucosal cells may be driven by SCFA, mainly bu-
tyrate. In fact, when colonic contents were incubated for
24 h, SCFA production was increased in probiotic-treated
colitic rats in comparison with the corresponding control
rats without probiotic treatment. Thus, the inhibitory ef-
fect of probiotic administration on cytokine production
may be related to the ability of SCFA to interfere with
transcription factors. Nuclear factor-kappa B (NF-«kB) is a
transcription factor that, in combination with others, plays
a central role in regulating the expression of genes en-
coding numerous cytokines in immune and inflammatory

responses [52]. Thus, it has been previously reported that
butyrate decreases TNFo production by intestinal biopsies
and by isolated lamina propria mononuclear cells via in-
hibition of NF-kB activation and IkBo degradation [53].
The inhibitory effect of butyrate on NF-kB activation in
HT-29 cells, probably derived from its ability to inhibit
deacetylases, has also been reported [54]. However, the
amelioration of the colonic oxidative stress observed after
probiotic treatment to colitic rats may also account for its
effect on cytokine production, since NF-kB is a redox-
sensitive transcription factor activated by oxidant stress in
the inflamed intestinal mucosa [55].

However, the participation of the modification in the
immune response in the intestinal anti-inflammatory effect
exerted by this probiotic does not exclude mechanisms
proposed by other probiotics, mainly a role in prevention
in the imbalance in the intestinal microflora, given the
relative predominance of aggressive bacteria and insuffi-
cient amount of protective species that has been reported
to occur in these intestinal conditions [1, 2]. Previous
studies have suggested that in TNBS-induced colitis, spe-
cific strains from colonic microflora invades the colonic
wall after disruption of the epithelium and the presence of
bacteria within the wall contributes to the transmural in-
flammation [56]. In fact, the present study reveals that the
colonic damage induced by TNBS was associated with a
significant reduction of lactobacilli count in the colonic
lumen, which was counteracted after probiotic treatment
without showing statistical differences with non-colitic
rats.

In conclusion, administration of the probiotic L. fer-
mentum 5716 facilitates the recovery of the inflamed tissue
in the TNBS model of rat colitis, an effect associated with
amelioration of the production of some of the mediators
involved in the inflammatory response of the intestine,
including TNFo and NO. This beneficial effect could be
ascribed to its ability to prevent oxidative stress that occurs
in this inflammatory condition, through the increased pro-
duction of glutathione, which might attenuate the exacer-
bated immune response evoked by the colonic instillation
of the hapten TNBS in the rats.
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L. fermentumvs. L. reuteri

RESUMEN
OBJETIVO

El probidtico con mejor perfil antiinflamatoricedodos los ensayados fuactobacillus
fermentum, por lo que lo quisimos comparar cbactobacillus reuteri en el modelo de colitis
experimental por TNBS en ratas. La selecciorLagobacillus reuteri se realizé atendiendo a los

estudios anteriores que muestran su gran eficacia.
RESULTADOS

El tratamiento conlLactobacillus fermentum y Lactobacillus reuteri durante las dos
semanas anteriores a la induccion de la colitifiecté al peso corporal en comparacion con el
grupo control, sin embargo una semana después dedlecion del dafio, ambos probioticos

normalizaron levemente el peso de los animales.

La actividad antiinflamatoria intestinal dectobacillus fermentum se manifesté6 mediante
una reduccion significativa de la incidencia dermdia (20% vs. 80%, P<0,05), del cociente
peso/longitud y del indice de dafio macroscépica@mparacion con el grupo control, mostrando
Lactobacillus reuteri solo una tendencia. Desde el punto de vista bidgoiminicamente
Lactobacillus fermentum redujo significativamente la MPO y aumenté losehég de glutation, que
se depleciona en el colon como consecuencia delepooinflamatorio; sin embargo, ambos
mostraron diferencias significativas sobre la pomittn de la citocina proinflamatoria TNF-
(P<0,05), pero no sobre la produccion de f,41-10 y LTB, en comparacion con el grupo control.
Finalmente,Lactobacillus fermentum y Lactobacillus reuteri redujeron de manera significativa la
expresion de la INOS, pero sdlactobacillus fermentum lo hizo también sobre la expresién de la

ciclooxigenasa-2.

Los estudios microbiolégicos del contenido caténmostraron que tantbactobacillus
fermentum como Lactobacillus reuteri aumentaron el crecimiento deactobacillus en el lumen
intestinal en comparacion con las ratas no trafasiasembargo sold.actobacillus fermentum

aumento la produccion de acidos grasos de cadetza co
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L. fermentum vs. L. reuteri

CONCLUSION

Lactobacillus fermentum, probidtico con caracteristicas inmunomoduladdraseficiosas
en la enfermedad inflamatoria intestinal (Ell),me&s eficaz qué. reuteri, cuya eficacia sobre la

colitis tanto en humanos como en modelos experaenha sido ampliamente demostrada.
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The intestinal anti-inflammatory effects of two probiotics isolated from breast milk, Lactobacillus reuteri and L. fermentum, were evaluated and
compared in the trinitrobenzenesulfonic acid (TNBS) model of rat colitis. Colitis was induced in rats by intracolonic administration of 10 mg
TNBS dissolved in 50 % ethanol (0-25 ml). Either L. reuteri or L. fermentum was daily administered orally (5 X 10® colony-forming units sus-
pended in 0-5 ml skimmed milk) to each group of rats (n 10) for 3 weeks, starting 2 weeks before colitis induction. Colonic damage was evaluated
histologically and biochemically, and the colonic luminal contents were used for bacterial studies and for SCFA production. Both probiotics
showed intestinal anti-inflammatory effects in this model of experimental colitis, as evidenced histologically and by a significant reduction of colo-
nic myeloperoxidase activity (P<0-05). L. fermentum significantly counteracted the colonic glutathione depletion induced by the inflammatory
process. In addition, both probiotics lowered colonic TNFa levels (P<0-01) and inducible NO synthase expression when compared with non-trea-
ted rats; however, the decrease in colonic cyclo-oxygenase-2 expression was only achieved with L. fermentum administration. Finally, the two
probiotics induced the growth of Lactobacilli species in comparison with control colitic rats, but the production of SCFA in colonic contents
was only increased when L. fermentum was given. In conclusion, L. fermentum can exert beneficial immunomodulatory properties in inflammatory

bowel disease, being more effective than L. reuteri, a probiotic with reputed efficacy in promoting beneficial effects on human health.

Probiotics: Inflammatory bowel diseases: Inmunomodulation: Anti-inflammatory activity

Several studies have proposed that breast-feeding protects
against many immune-mediated diseases, including those
related to inflammatory bowel diseases (IBD) such as ulcera-
tive colitis and Crohn’s disease (Klement et al. 2004). These
observations confirm previous studies in which breast-milk
feeding limited the development of colitis in IL-10 knock-
out mice. This finding was explained by a change in the intes-
tinal flora of the developing mice from pathogenic bacteria to
non-adherent bacteria, promoted by milk oligosaccharides that
stimulate Bifidobacterium and Lactobacillus growth (Kunz
et al. 2000). In addition, the presence of lactic bacteria in
breast milk could also account for its preventative effect
against intestinal inflammation (Martin et al. 2003).

In fact, the administration of probiotic micro-organisms has
been proposed to promote a balanced colonic microbial
environment and thus probably help in both prevention and
control of IBD. Previous studies have reported that the
administration of a mixture of bifidobacteria and lactobacilli

(Venturi et al. 1999) or Escherichia coli Nissle 1917
(Rembacken et al. 1999) prevents the relapse of ulcerative
colitis, showing the latter to have an equivalent effect to mesa-
lazine in maintaining remission. The studies performed both in
human subjects and in animal models of intestinal inflam-
mation have provided some clues about the different mechan-
isms involved in the therapeutic effects exerted by probiotic
micro-organisms. First, probiotics could suppress the growth
or epithelial binding and invasion of enteric pathogenic bac-
teria, maybe due to their ability to decrease luminal pH via
production of SCFA (Sakata er al. 2003), promote the
secretion of bactericidal proteins (Boris et al. 2001; Collado
et al. 2005) and/or stimulate mucin production (Mack et al.
1999). Second, probiotics have been reported to exert immu-
noregulatory activities, either by inducing protective cyto-
kines, such as IL-10 and transforming growth factor-@, or
by suppressing pro-inflammatory cytokines, such as TNFa,
in the intestinal mucosa (Borruel er al. 2002; Schultz et al.

Abbreviations: COX-2, cyclo-oxygenase-2; IBD, inflammatory bowel disease; iNOS, inducible NO synthase; LTB,, leukotriene B4; MPO, myeloperoxidase; TNBS,

trinitrobenzenesulfonic acid.

* Corresponding author: Dr Julio Galvez, fax 434 958248964, email jgalvez@ugr.es
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2003; Pathmakanthan et al. 2004; Chen et al. 2005). And
third, these micro-organisms positively affect the intestinal
barrier function by decreasing mucosal permeability
(Madsen et al. 2001). However, the detailed mechanisms by
which these bacteria mediate their effects are not fully
understood.

The aim of the present study was to compare the preven-
tative effects of Lactobacillus fermentum CECT5716
and L. reuteri ATCC55730, two hetero-fermentative bacteria
found in breast milk (Martin et al. 2005; BioGaia, 2006), in
the trinitrobenzenesulfonic acid (TNBS) model of rat colitis.
This is a well-established model of intestinal inflammation
with some resemblance to human IBD (Jurjus ef al. 2004).
The selection of the probiotics was based on previous in
vitro and in vivo studies that make them suitable candidates
for the treatment of these intestinal conditions. In a previous
study, we have reported that L. fermentum CECT5716
showed intestinal anti-inflammatory activity in the TNBS
model of rat colitis (Peran e al. 2006). That effect was attrib-
uted, at least partially, to its ability to release glutathione and
the antioxidant dipeptide y-Glu-Cys, thus counteracting the
damaging effects derived from the intestinal oxidative stress
generated (Grisham et al. 1991), similarly to what occurs in
human IBD (Grisham, 1994). This effect was also associated
with a reduction in TNFa production and in inducible NO
synthase (iNOS) expression in the inflamed tissue (Peran
et al. 2006). On the other hand, different strains of L. reuteri
have been described to show beneficial effects in several
experimental models of colitis, both in mice (IL-10 and
CD4™T cell-induced colitis in the severe combined immuno-
deficient mouse) (Madsen et al. 1999; Moller et al. 2005),
and in rats (acetic acid- and methothrexate-induced) (Mao
et al. 1996; Holma et al. 2001). In vitro studies have shown
that L. reuteri DSM 12246 is able to down regulate the stimu-
lated production of the pro-inflammatory cytokines IL-12 and
TNFa in dendritic cells while inducing the anti-inflammatory
cytokine IL-10 (Christensen et al. 2002). Similarly, another
strain of L. reuteri inhibited mRNA up regulation, cellular
accumulation and secretion of the chemokine IL-8 induced
by TNFa in intestinal epithelial cells (Ma et al. 2004).

Materials and methods

The present study was carried out in accordance with the
‘Guide for the Care and Use of Laboratory Animals’ as pro-
mulgated by the National Institute of Health (Bethesda, MD,
USA).

Reagents

All chemicals were obtained from Sigma Chemicals (Madrid,
Spain), unless otherwise stated.

Preparation and administration of the probiotics

L. fermentum CECT5716 was provided by Puleva Biotech
(Granada, Spain), L. reuteri ATCC55730 was obtained from
a commercial dairy product licensed by BioGaia AB (Stock-
holm, Sweden). Lactobacilli strains were normally grown in
De Man-Rogosa—Sharpe (MRS) media at 37°C in anaerobic
conditions using the Anaerogen system (Oxoid Ltd,

Basingstoke, Hants, UK). For probiotic treatment, bacteria
were suspended in skimmed milk (10° colony-forming units/
ml) and stored at —80°C until usage.

Experimental design

Female Wistar rats (180—200 g) were obtained from the Lab-
oratory Animal Service of the University of Granada (Gran-
ada, Spain), maintained in standard conditions and fed the
Panlab A04 diet (Panlab, Barcelona, Spain) ad libitum. The
composition of the diet was: 172% protein, 2-7% fat,
59-7% carbohydrates, 3-9 % fibre (mainly cellulose), 4-4 %
minerals and 12 % humidity. The rats were randomly assigned
to four groups (n 10); two of them (non-colitic and control
groups) did not receive probiotic treatment and the remaining
groups (treated groups) received orally each probiotic (5 X 108
colony-forming units suspended in 0-5 ml skimmed milk) daily
for 3 weeks. Both non-colitic and control groups received
orally the vehicle used to administer the probiotic (0-5ml
daily). At 2 weeks after starting the experiment, the rats
were fasted overnight and those from the control and treated
groups were rendered colitic by the method originally
described by Morris et al. (1989). Briefly, they were anaesthe-
tised with halothane and given 10mg TNBS dissolved in
0-25ml ethanol (50%, v/v) by means of a Teflon cannula
inserted 8cm through the anus. Rats from the non-colitic
group were administered intracolonically 0-25 ml PBS instead
of TNBS. All rats were killed with an overdose of halothane 1
week after induction of colitis. After killing, the following tis-
sues were quickly removed and weighed: spleen, thymus, kid-
neys, liver and soleus muscle. Also the colon was obtained for
the assessment of colonic damage.

Assessment of colonic damage

The body weight, water and food intake, as well as stool con-
sistency, were recorded daily throughout the experiment. Once
the rats were killed, the colon was removed aseptically and
placed on an ice-cold plate, longitudinally opened and the
luminal contents were collected for the measurements of
faecal moisture, pH and microbiological and SCFA production
studies (see later). Afterwards, the colonic segment was
cleaned of fat and mesentery, blotted on filter paper; each spe-
cimen was weighed and its length measured under a constant
load (2 g). The colon was scored for macroscopically visible
damage on a 0—10 scale by two observers unaware of the
treatment, according to the criteria described by Bell et al.
(1995), which takes into account the extent as well as the
severity of colonic damage. Representative whole gut speci-
mens were taken from a region of the inflamed colon corre-
sponding to the adjacent segment to the gross macroscopic
damage and were fixed in 4% buffered formaldehyde.
Cross-sections were selected and embedded in paraffin. Equiv-
alent colonic segments were also obtained from the non-colitic
group. Full-thickness sections of 5 wm were taken at different
levels and stained with haematoxylin and eosin. The histologi-
cal damage was evaluated on a 0—27 scale by two pathologist
observers (A. N. and A. C.), who were blinded to the exper-
imental groups, according to the criteria described previously
(Camuesco et al. 2005). The colon was subsequently divided
into four segments for biochemical determinations. Two
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fragments were frozen at —80°C for myeloperoxidase (MPO)
activity and iNOS and cyclo-oxygenase-2 (COX-2) ex-
pressions, and another sample was weighed and frozen in
1 ml TCA (50 g/) for total glutathione content determinations.
The remaining sample was immediately processed for the
measurement of colonic TNFa, IL-13, IL-10 and leukotriene
B4 (LTB,) levels. All biochemical measurements were com-
pleted within 1 week from the time of sample collection and
were performed in duplicate.

MPO activity was measured according to the technique
described by Krawisz et al. (1984). The results are expressed
as MPO units per g wet tissue; one unit MPO activity was
defined as that degrading 1 pmol H,O,/min at 25°C. Gluta-
thione (reduced and oxidised) concentrations were assayed
by HPLC with fluorimetric detection of oxidised and reduced
glutathione, according to the method proposed by Martin
&White (1991); the results are expressed as nmol gluta-
thione/mg wet tissue. Colonic samples for cytokine and
LTB, determinations were immediately weighed, minced on
an ice-cold plate and suspended in a tube with 10 mMm-
sodium phosphate buffer (pH 7-4) (1:5, w/v). The tubes
were placed in a shaking water-bath (37°C) for 20 min and
centrifuged at 9000 g for 30's at 4°C; the supernatant fractions
were frozen at —80°C until assay. TNFa, IL-18 and IL-10
were quantified by ELISA (Amersham Pharmacia Biotech,
Amersham, Bucks, UK) and the results were expressed as
pg/mg protein; the detection limits were 31-2500pg/ml for
TNFa, 25:6-2500pg/ml for IL-1f and 16-500pg/ml for
IL-10. LTB,4 was determined by enzyme immunoassay (Amer-
sham Pharmacia Biotech) and the results expressed as pg/mg
protein; the detection limits were 6:2—800 pg/ml.

The colonic expression of iNOS and COX-2 was analysed
by Western blotting as previously described (Camuesco et al.
2004). The dilutions of each primary antibody were 1:2000 for
iNOS (Transduction Laboratories, Becton Dickinson Bio-
sciences, Madrid, Spain) and 1:1000 for COX-2 (Cayman
Chemical Company, Montigny le Bretonneux, France), and
incubated overnight at 4°C followed by peroxidase-conjugated
anti-rabbit IgG antibody (1:3000) for 1h. Control of protein
loading and transfer was conducted by detection of the
B-actin levels.

pH, moisture and short-chain fatty acid quantification in
colonic contents

The pH values in the colonic contents were measured using a
GLP21-21 pH-meter (Crison, Barcelona, Spain) after their
suspension in water (1:5, w/v). The water content of the lumi-
nal stools was calculated by weight differences between fresh
(immediately after collection) and dried (kept during 24 h at
65°C) samples.

To quantify the SCFA concentrations in the colonic luminal
contents, the samples were homogenised with 150 mMm-
NaHCO; (pH 7-8) (1:5, w/v) in an Ar atmosphere. Samples
were incubated for 24h at 37°C and stored at —80°C until
the extraction. To extract the SCFA, 50 pl of the internal stan-
dard 2-methylvaleric acid (100 mm), 10 pl sulfuric acid and
0-3ml ethyl acetate were added to 1 ml of the homogenate
and, then, centrifuged at 10000 g for 5min at 4°C. The super-
natant fractions were dehydrated with sodium sulfate anhy-
drous and centrifuged at 10000g for 5min at 4°C. Later,

0-5ml of the sample was splitless inoculated into a gas chro-
matograph (Varian CP-3800) equipped with an ID (CPWAX
52CB 60m X 0-25mm), and connected to a FID detector
(Varian, Lake Forest, CA, USA). The carrier and the make-
up gas was He, with a flow rate of 1-5ml/min. The injection
temperature was 250°C. Acetate, propionate and butyrate con-
centrations were automatically calculated from the areas of
peaks using the Star Chromatography WorkStation program
(version 5.5; Varian Inc., Palo Alto, CA, USA), which was
on-line connected to the FID detector.

Microbiological studies

Luminal content samples were weighed, homogenised and
serially diluted in sterile peptone water. Serial 10-fold
dilutions of homogenates were plated on specific media for
Lactobacillus (MRS media, Oxoid) or Bifidobacterium (MRS
media supplemented with dicloxacilin (0-5mg/1), LiCl (1 g/)
and L-cysteine hydrochloride (0-5g/l)) and incubated under
anaerobic conditions in an anaerobic chamber for 24-48 h at
37°C. Coliforms and enterobacteria were also determined by
using specific Count Plates Petrifilm (3M, St Paul, MN,
Canada). After incubation, the final count of colonies was
reported as log;o colony-forming units per g material.

Statistics

All results are expressed as means with their standard errors.
Differences between means were tested for statistical signifi-
cance using a one-way ANOVA and post hoc least signifi-
cance tests. Non-parametric data (scores) are expressed as
medians and ranges and were analysed using the Mann—Whit-
ney U test. Differences between proportions were analysed
with the x* test. All statistical analyses were carried out
with the Statgraphics 5.0 software package (STSC, Rockville,
MD, USA), with statistical significance set at P<<0-05.

Results

Effects of probiotic administration on body and tissue weight
in colitic rats

The administration of probiotics for 2 weeks before colitis
induction did not affect rat weight gain compared with
untreated rats (data not shown). The intracolonic adminis-
tration of TNBS resulted in an intestinal inflammatory status
in the rats characterised by anorexia, loss of weight and diar-
rhoea, which gradually increased. Thus, 1 week after colitis
induction, body weight was reduced by 4-5 (SEM 1.9) % in
the TNBS-treated rats, whereas in saline-treated rats it was
increased by 4-8 (SEM 0-7) % (P<<0-01). Although none of
the probiotics were able to inhibit the anorexia and the loss
of weight in the acute phase of the inflammation (data not
shown), both lactobacilli restored the animals’ weight at the
end of the study, since it was increased by 0-6 (SEM 2.5)
and by 0-88 (SEM 2-6) % in the colitic rats that received L. fer-
mentum or L. reuteri, respectively, without showing statistical
differences with control groups.

The anorexia and the inflammatory response caused an
important modification in the weight of some tissues such as
muscle, thymus, spleen, while liver and kidneys did not
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show any significant changes (Table 1). Soleus muscle weight
was reduced in colitic rats in comparison with non-colitic rats,
although the statistical differences were only obtained in the
rats treated with L. reuteri. Moreover, the inflammatory pro-
cess provoked a reduction in thymus weight and an increase
in spleen weight. None of the probiotics were able to counter-
act the increase in spleen weight, and only L. fermentum was
able to partially restore the thymus weight.

Effects of probiotic administration on colonic inflammation

L. fermentum administration showed an amelioration of the
diarrhoeic process, resulting in a significantly lower incidence
of diarrhoea (20 %) after 7d when compared with untreated
control rats (80%; P<0-05) (Table 2). The macroscopic
evaluation of the colonic segments 1 week after colitis induc-
tion revealed the preventative effect exerted by probiotics.
This was evidenced by a significant reduction of the colonic
weight:length ratio (P<0-01) in both cases (Table 2), as
well as by a significantly lower colonic damage score in com-
parison with control colitic rats, derived from a decrease in the
extent of colonic necrosis and the presence of intestinal adhe-
sions induced by the administration of TNBS (Table 2). How-
ever, only the group of colitic rats treated with L. fermentum
showed significant reduction in these inflammatory parameters
in comparison with untreated colitic control rats; L. reuteri
showed only a tendency to decrease them (P=0-07; Table 2).

The histological studies revealed that L. fermentum was
more efficient in promoting the recovery of colonic tissue
than L. reuteri. Histological assessment of colonic samples
from the TNBS control group showed severe transmural dis-
ruption of the normal architecture of the colon, extensive
ulceration and inflammation involving all the intestinal
layers of the colon, giving a score value of 159 (SEM 2.5).
The histological analysis of the colonic specimens from rats
treated with L. fermentum revealed a more pronounced recov-
ery of the intestinal architecture than controls, with a score of
9-4 (SEM 1-9) (P<<0-05 v. TNBS control group). Thus, most of
the samples (eight out of ten) showed almost complete restor-
ation of the epithelial cell layer, in contrast to the extensive
ulceration observed in non-treated animals. The improvement
in colonic histology was accompanied by a reduction in the
inflammatory infiltrate, which was slight to moderate with a
patchy distribution, although neutrophils were the predomi-
nant cell type. The colonic specimens from colitic rats treated
with L. reuteri also showed a higher recovery than the

intestinal segments from control colitic rats, and they were
assigned a score value of 10-8 (SEM 2.5), lower than in the
control group, but without showing statistical differences
(P=0-14). Thus, four out of ten samples showed evident res-
toration of the epithelial cell layer, while in the rest of the
samples the epithelial ulceration of the mucosa affected over
40-50 % of the surface, lower than in most of the specimens
from control colitic rats. Similarly, the goblet cell depletion
was also attenuated in this group, and the presence of mucin
content was evident, together with an absence of dilated
crypts. Finally, the inflammatory infiltrate was also attenuated,
being moderate with a patchy distribution.

The biochemical analysis of the colonic specimens con-
firmed the intestinal anti-inflammatory effect exerted by
the probiotics, although again some differences were
observed in their effects on the different parameters assayed.
Colonic MPO activity was reduced after treatment with L.
reuteri or L. fermentum by approximately 40 % although
only L. fermentum treatment reached significance (Table
3). Since colonic MPO activity is considered as a biochemi-
cal marker of neutrophil infiltration (Krawisz et al. 1984),
these results confirm the lower leucocyte infiltration into
the inflamed tissue after probiotic treatment observed in
the histological studies. Furthermore, treatment of colitic
rats with the probiotics showed an increase in colonic gluta-
thione content (Table 3), depleted in colitic rats as a conse-
quence of the colonic oxidative stress caused by the TNBS-
induced inflammatory process (Galvez et al. 2003). How-
ever, although both probiotics restored the values observed
in non-colitic rats, only the group of rats treated with L. fer-
mentum showed statistical differences in comparison with
control colitic rats (P<0-01). The colonic inflammation
induced by TNBS was also characterised by increased
levels of colonic TNFa (Table 3), IL-1B (3395 (SEM
43-9) v. 284 (SEM 3-4) pg/mg protein in the non-colitic
group; P<0-01) and LTB4 (146:6 (SEM 33-1) v. 9-8 (SEM
2-5) pg/mg protein in the non-colitic group; P<<0-01), and
a reduction in IL-10 production (5-1 (SEm 1-2) v. 183
(SEM 3-1) pg/mg protein in the non-colitic group;
P<0:01). Only TNFa production was significantly reduced
after treatment with either L. reuteri or L. fermentum
(Table 3). No statistical differences were observed in the
other pro-inflammatory mediators assayed (data not shown).

Finally, the inflammatory process in the colonic tissue was
also characterised by higher expression of both iNOS and
COX-2 in comparison with non-colitic animals (data not

Table 1. Effects of probiotic treatment on tissue weights in trinitrobenzenesulfonic acid (TNBS) experimental colitis in rats

(Mean values with their standard errors for ten rats per group)

Muscle Liver Kidneys Spleen Thymus

(mg/g rat) (mg/g rat) (mg/g rat) (mg/g rat) (mg/q rat)
Group Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Non-colitic 6-6 0-1 31.3 1.3 5.9 0-1 2.2 0-2 1.9 0-1
TNBS control 6-3 0-2 31.9 11 6-2 0-1 3-0* 0-2 0-9* 0-1
Lactobacillus reuteri 6-0* 0-1 35-1 1.3 5.9 0-2 3.3* 0-4 0-9* 0-1
L. fermentum 6-5% 0-1 34.9 11 6-1 0-2 2.9* 0-2 1.2*t% 0-1

*Mean value was significantly different from that of the non-colitic group (P<0-05).
1 Mean value was significantly different from that of the TNBS control group (P<0-05).
$Mean value was significantly different from that of the L. reuteri group (P<0-05).
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Table 2. Effects of probiotic treatment on diarrhoea, adhesions, damage score, extent of the inflammatory lesion along the colon
and changes in colon weight in trinitrobenzenesulfonic acid (TNBS) experimental colitis in rats
(Percentages, medians and ranges, and mean values with their standard errors for ten rats per group)

Damage score Extent of Weight/length
(0-10)§ damage (cm) (mg/cm)
Group Diarrhoea (%) Adhesions (%) Median Range Mean SEM Mean SEM
Non-colitic 0 0 0 0 0 0 71.0 2.5
TNBS control 80* 80* 7* 6-8-5 3-6* 0-3 249.7* 221
Lactobacillus reuteri 50* 50* 6* 4-8 2.8* 0-3 175.9* 119
L. fermentum 20t 10*tt 5-5*% 4-6-5 2.4t 0-3 145.7*t% 76

*Percentage or mean value was significantly different from that of the non-colitic group (P<0-05).

1 Percentage or mean value was significantly different from that of the TNBS control group (P<0-05).

1 Percentage or mean value was significantly different from that of the L. reuteri group (P<0-05).

§ Damage score for each rat was assigned according to the criteria described previously by Bell et al. (1995).

shown). Treatment of colitic rats with L. fermentum resulted in
a significant reduction of the expression of both inducible
enzymes in eight out of ten rats, whereas L. reuteri was
only able to significantly reduce iNOS expression, and this
was achieved in seven out of ten rats.

Effects of probiotic administration on colonic short-chain fatty
acid production and bacterial profile

No clear differences were observed in the pH values of
the colonic contents among the different groups of rats
(Table 4). Moreover, although a tendency to increase the
faecal water content was observed in all the colitic rats,
only those treated with L. reuteri showed a significant differ-
ence in the faecal moisture (Table 4).

When the colonic contents from colitic control rats were
evaluated for SCFA production, no significant reduction in
any of their levels was observed compared with non-colitic
rats (Table 4). However, a significant reduction in all the ana-
lysed SCFA was observed in the L. reuteri-treated group in
comparison with all the other experimental groups (colitic or
not). In contrast, colitic rats treated with L. fermentum
showed similar values to those observed in non-colitic rats
(Table 4).

Table 3. Effects of probiotic treatment on colonic myeloperoxidase
(MPO) activity, glutathione content and tumour necrosis factor « levels
in trinitrobenzenesulfonic acid (TNBS) experimental colitis in rats

(Mean values with their standard errors for ten rats per group)

TNFa

MPO activity Glutathione (pg/mg

(units/g)§ (nmol/g) protein)
Group Mean SEM Mean  SeEm Mean SEM
Non-colitic 80 12 1479 51 178 2.4
TNBS control 1325* 144 1093* 85  74.0* 9-6
Lactobacillus 989 206 1351 135 42.0*t 70

reuteri

L. fermentum 882*tt 114 1490t 112 53-1*t 11.0

*Mean value was significantly different from that of the non-colitic group (P<0-05).

tMean value was significantly different from that of the TNBS control group
(P<0-05).

FMean value was significantly different from that of the L. reuteri group (P<0-05).

§ One unit of MPO activity was defined as that degrading 1 pmol H,O,/min at 25°C.

TNBS colitis also resulted in a significant reduction in colonic
lactobacilli and bifidobacteria counts (P<<0-05; Fig. 1), together
with an increase in coliforms and enterobacteria (P<<0-05; data
not shown) in comparison with normal rats. Probiotic-treated
colitic rats showed higher counts of lactobacilli and bifidobac-
teria species in the colonic contents than in control colitic rats,
without showing statistical differences with the non-colitic con-
trol group (Fig. 1 (A)). No statistical differences were observed
in the amount of faecal potential pathogenic bacteria such as
enterobacteria or coliforms among the three colitic groups
(data not shown). As expected, when the lactobacilli:pathogen
ratio was evaluated, the inflammatory process did result in a
significant decrease in comparison with normal rats; the
administration of L. fermentum or L. reuteri resulted in the nor-
malisation of this ratio (Fig. 1 (B)).

Discussion

The results obtained in the present study are supportive of the
helpfulness of the dietary incorporation of probiotics in IBD
therapy (Sartor, 2004). Furthermore, they confirm the intesti-
nal anti-inflammatory activity previously shown by this
strain of L. fermentum (CECT5716) (Peran et al. 2006) as
well as by other strains of L. reuteri (Mao et al. 1996;
Madsen et al. 1999; Holma et al. 2001; Moller et al. 2005),
although the present study is the first that describes the effi-
cacy of L. reuteri ATCC55730 in the TNBS model of rat
colitis.

Both probiotics ameliorated some of the clinical manifes-
tations of this colitis experimental model such as anorexia
or diarrhoea and the macroscopic colonic damage; however,
L. fermentum treatment seemed to be more effective. In fact,
this probiotic significantly attenuated the incidence of diar-
rhoea and adhesions, increased thymus weight and reduced
the colonic weight:length ratio as well as the damage score
and extension. On the contrary, L. reuteri treatment did not
show significant modifications on most of these parameters;
only the colonic weight:length ratio was significantly reduced
in comparison with untreated colitic rats.

The reduction in the diarrhoeic process exerted by L. fer-
mentum can be a consequence of an improvement of the gut
epithelial cell barrier function, thus contributing to its intesti-
nal anti-inflammatory effect, as has been proposed to
occur with other probiotics (Gionchetti er al. 2005). In fact,
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Table 4. Effects of probiotic treatment on faecal pH and moisture, and on colonic short-chain fatty acid production in trinitrobenzenesulfonic acid

(TNBS) experimental colitis in rats
(Mean values and standard deviations for ten rats per group)

Faecal Total SCFA Acetate Propionate Butyrate
Faecal pH moisture (%)§ (mg/l) (mg/l) (mg/l) (mg/l)
Group Mean sSD Mean SD Mean SD Mean SD Mean SD Mean SD
Non-colitic 7-05 0-06 68-9 35 10388 3655 6922 2917 2335 708 1130 267
TNBS control 7-26 0-04 722 1.4 7662 1290 4978 847 1858 322 825 177
Lactobacillus reuteri 7-32 0-06 78.5* 11 2821*t 75 1822*t 44 556"t 40 299*t 20
L. fermentum 7-31 0-03 76-1 11 9659% 2298 68301 1888 28961 908 1028t 279

*Mean value was significantly different from that of the non-colitic group (P<0-05).

1Mean value was significantly different from that of the TNBS control group (P<0-05).

}Mean value was significantly different from that of the L. reuteri group (P<0-05).
§ Faecal moisture was expressed as the proportion in water content expressed in %.

microscopic evaluation showed that the restoration in the
epithelial lining was more evident in the rats administered
L. fermentum (80 % of the samples showed complete restor-
ation) than in those that received L. reuteri (40 %). This
may be interesting since a barrier disruption leads to increased
stimulation by luminal antigens. In this regard, mucosal
inflammation can be considered a self-perpetuating process
in which the disruption of the epithelial layer plays a central
role (Heyman et al. 1994).

L. fermentum and L. reuteri were able to reduce neutrophil
infiltration in the inflamed colon, as was observed in the
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Fig. 1. Effects of probiotic treatment (5x 10° colony-forming units

(CFU) /rat-per d) on (A) bacteria levels (lactobacilli and bifidobacteria) and
on (B) lactobacilli:pathogen ratio in trinitrobenzenesulfonic acid (TNBS)
experimental colitis in rats. (CJ), Non-colitic group; (H),TNBS control group;
(), Lactobacillus reuteri-treated group; (M), L. fermentum-treated group.
Values are means, with their standard errors represented by vertical bars.
*Mean value was significantly different from that of the TNBS control
group (P<0-05). tMean value was significantly different from that of the
non-colitic group (P<0-01).

microscopic analysis, although only L. fermentum treatment
significantly decreased colonic MPO activity. The inhibition
of neutrophil infiltration can account for their intestinal anti-
inflammatory effect, given the important role attributed to
these cells in the inflammatory process.

L. fermentum treatment of TNBS colitic rats counteracted
the depletion of colonic glutathione levels that took place in
control colitic animals. This activity may play a crucial role
in the intestinal anti-inflammatory effect of the probiotic
because a situation of intense oxidative insult is an important
mechanism for tissue damage during chronic intestinal inflam-
mation and thus a common feature in human IBD (Grisham,
1994) as well as in the different experimental models of rat
colitis, including the TNBS (Galvez et al. 2003) and the dex-
tran sodium sulfate (Camuesco et al. 2004) models. The effect
exerted by this probiotic could be due to its ability to release
glutathione and the antioxidant dipeptide y-Glu-Cys (Peran
et al. 2006).

When other pro-inflammatory mediators were evaluated,
L. fermentum and L. reuteri were able to significantly reduce
colonic TNFa production. This may be relevant since this cyto-
kine plays a key role in intestinal inflammation, and different
drugs capable of interfering with the activity of this mediator
are being developed for IBD therapy (Rutgeerts et al. 2004).
Previous in vitro studies have also shown the ability of different
probiotic, including L. casei, L. bulgaricus, L. fermentum or
L. salivarius ssp. salivarius, to down regulate TNFa production
(Borruel et al. 2002; Peran et al. 2005, 2006).

A common feature of both probiotics assayed is their ability
to modify colonic microflora, which was altered as a conse-
quence of the TNBS-induced inflammatory process (Peran
et al. 2006). In this regard, the probiotic treatment restored
the pathogenic bacteria:lactobacilli ratio. This effect could
definitively contribute to the beneficial effect exerted by
these probiotics in the TNBS model of experimental colitis.
In fact, it has been previously described that the increase in
Lactobacillus sp. levels reduces the concentration of adherent
and translocated bacteria and attenuates the colitis in IL-10
gene-deficient mice (Madsen et al. 1999). This could prevent
the pathogenic effect of other species that may contribute to
the generation of an exacerbated immune response in intesti-
nal inflammation, as proposed both in experimental models
(Garcia-Lafuente et al. 1997) and in human subjects
(Cummings et al. 2003).
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However, the colonic SCFA content profiles shown by the
two probiotics were different. Thus, L. fermentum was able
to significantly counteract the decrease in colonic SCFA pro-
duction observed in TNBS colitic rats, whereas L. reuteri
treatment reduced even more the SCFA production despite
its effect on colonic microbiota. The effect of L. fermentum
on butyrate production is very interesting since it has been
proposed that the inflammatory process results in an alteration
of the intestinal epithelial cell function, including colonic
SCFA utilisation, mainly butyrate, which is considered the
most important SCFA for colonocyte metabolism (Mortensen
& Clausen, 1996; Rodriguez-Cabezas et al. 2002).

In conclusion, L. fermentum and L. reuteri have shown
intestinal anti-inflammatory activity in the TNBS model of
rat colitis. However, each probiotic shows its own anti-inflam-
matory profile, confirming that not all probiotics present the
same efficacy as anti-inflammatory agents, and do not share
the same mechanisms of action. Of note, L. fermentum can
be considered more effective than L. reuteri, a probiotic
with reputed efficacy in promoting beneficial effects on
human health (Valeur et al. 2004). Both probiotics can be
found in breast milk, and although the doses administered to
rats in the present study are higher than those probably incor-
porated in the infant by breast milk, the present results suggest
that the colonisation of these probiotics in the colonic lumen
would result in beneficial preventative effects in these intesti-
nal conditions, probably derived from their immunomodula-
tory properties. Human clinical studies will be required in
order to confirm these results.
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Discusion

Durante los Ultimos afios se ha puesto de mataifigsincremento gradual de la incidencia
de patologias intestinales relacionadas con predeflamatorios (Loftus, 2004), lo que justificaria
el importante esfuerzo que se viene realizand@arde de la comunidad cientifica para la basqueda
de nuevos farmacos eficaces en el tratamiento d€llg la prevencion de las recidivas que la
caracterizan. En la actualidad, practicamente tddsgarmacos utilizados presentan importantes
reacciones adversas, hecho que adquiere una dspeldsancia dado que el tratamiento
farmacoldgico en la mayoria de pacientes se redlizante un prolongado periodo de tiempo (Enns
y Sutherland, 1998; Stein y Hanauer, 2000), pajue resulta de gran interés el establecimiento de
nuevas estrategias terapéuticas que, dotadasidielattirente a estas patologias, presenten menos

efectos secundarios (Klet al, 2001).

Aunqgue la causa de la Ell es todavia desconoeslajn hecho bien aceptado que en su
iniciacién y progresién intervienen las bacteriasldmen intestinal, probablemente provocado por
un desequilibrio entre las bacterias potencialmgradgenas y las protectoras (Fiocchi, 1998;
Shanahan, 2000). Por lo tanto, una alternativapéettica seria el uso de microorganismos
probioticos. De hecho, hay diversos estudios queaavia eficacia de los mismos en la Ell en

humanos.

Uno de los primeros estudios en colitis ulcerasaealizé con un pequefio numero de
pacientes donde se evalu6 la actividadedeherichia coliNissle 1917 en comparaciéon con dosis
bajas de mesalamina (500 mg tres veces al diajrands que el nUmero de recaidas era menor en
el caso del grupo tratado con el probiético (Ketigl, 1997). Esto se vio posteriormente ratificado
con otro estudio realizado con la mezcla de pramét VSL#3* (Venturi et al, 1999).
Recientemente, Zoccet al (2006), estudiaron la eficacia de la asociaci@h probibtico
Lactobacillus rhamnosu§G (LGG) con mesalamina en el mantenimiento deetaision de la
colitis ulcerosa en comparacion con mesalamina, smaobteniendo diferencias en el niimero de
recaidas después de 6 y de 12 meses; sin embarge fue capaz de prolongar significativamente

el tiempo de remisién (P<0,05).

*VSL#3: mezcla probidtica compuesta pokactobacillus casei, Lactobacillus plantarum,
Lactobacillus acidophilus, Lactobacillus delbruaclsisp. bulgaricus, Bifidobacterium longum,

Bifidobacterium breveg Bifidobacterium infantis.
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Existe un menor nimero de estudios que descebeso de probibticos en la prevencion y
tratamiento de la enfermedad de Crohn. En un ensayprobd la eficacia d8accharomyces
boulardii en el mantenimiento de la remision de la EC. A8areses la incidencia de recaidas era
mucho menor en el grupo tratado con mesalamina pradiético en comparacién con el grupo
tratado con mesalamina sola (Guslametlial, 2000). En otro estudio, McCarthgt al (2001),
mostraron que la administracion oral Hactobacillus salivariusUCC118 reducia de manera

significativa el indice de la enfermedad en paegrbn EC leve y moderada.

No obstante, es en la pouchitis donde los prafmétihan demostrado un beneficio
indiscutible; se ha comprobado en distintos estudjoe son capaces de mantener la remision
inducida con antibiéticos en pacientes con powglaitonica tras reseccion del colon debido a una
colitis ulcerosa refractaria. En este sentido, Ghettiet al (2000), han realizado un estudio usando
la mezcla probiética VSL#3 en pacientes con poischitnica recurrente, la cual redujo el numero
de recaidas tras 9 meses a un 15% frente al 100¢sgm placebo. Otro estudio con los mismos
grupos también demostr6 que tras un afio, solo élsaon pouchitis un 10% frente a un 40% del

grupo placebo después de la cirugia por colitieroka (Gionchetgt al, 2003).

Ademéas de estos estudios en humanos, se hanadealiatros ensayos en modelos

experimentales de inflamacion intestinal que iGiii estos efectos beneficiosdalfla 9.

Para explicar el efecto antiinflamatorio inteatiejercido por los probiéticos sobre estas
patologias intestinales, se ha propuesto la paatitdhn de distintos mecanismos, entre los cuales se
incluyen la competicion con bacterias nocivas paite de fijacion al epitelio, la inhibicién deis
crecimiento y/o la promocién de su muerte mediémfgroduccion de compuestos antibacterianos o
reduccion del pH. Recientemente se le estd dandogten importancia a la modulacion de la
respuesta inmunitaria de la mucosa del hospedamoparte de los probioticos, hecho que ha sido
ratificado en distintos ensaywsvitro. De hechol actobacillus casey Lactobacillus bulgaricuson
capaces de modular la respuesta inmunitaria medianteduccién de los niveles de TiNEn
explantes intestinales de individuos con enfermatta€rohn (Borrueét al, 2002).Lactobacillus
plantarum 299v también revirti6 la produccién de citocinasipflamatorias por parte de. coli

enteropatégena en la mucosa colénica de paciemesoditis ulcerosa, induciendo la produccién de
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Tabla 9. Efectos beneficiosos de algunos probidticos enetosdexperimentales de inflamacion

intestinal

RATAS

L. reuteri

L. reuteri

LGG/ VSL#3

L. plantarum

NCIMB8826

L. rhamnosu$G +

Antibiéticos
RATONES

L. reuteri

L. salivarius ssp.
SalivariusuCC118

VSL#3

Ag. solubles

E coli cepaLaves

Ag solublesB. breve,

B. longum

Acido acético

Metotrexato

lodoacetamida

TNBS

Ratas transgénicas

HLA-B27

IL-10 KO

IL-10 KO

IL-10 KO

DSS

DSS +Bacteroides

vulgatus

Reducciéon de la MPO y de la

permeabilidad de la mucosa

Recuperacion del peso animal,

Reduccién de la permeabilidad y MPO

Reduccion del peso colénico, MPO,

PGE2 y NOS

Inhibicién de la traslocacién bacteriana a

los nédulos linfaticos mesentéricos y bazo

Reduccién del score histoloégico, MPO,

IL-1B, TNF-a. Aumento de IL-10

Reduccién de la adherencia a la mucosa

y la traslocacién bacteriana

Reduccién de la prevalencia de cancer
de colon. Reduccion de

Coliformes y Enterococos

Normalizacion de la funcién colénjca
y la integridad de la barrera mucosa.

Reduccion del TNé&y del INFy

Reduccion de ILRL TNFo e INFy

Reduccién de la densidad de

Bacteroides vulgatus
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la citocina antiinflamatoria IL-10 por células Tmacrofagos de la misma, mostrando asi su posible

efecto antiinflamatorio intestinal (Pathmakantleaal, 2004).

Aunque estos resultados son prometedores, es amp@rindicar la existencia de algunos
estudios en los que los probidticos no han dendstiener eficacia tanto en ensayos clinicos como
en modelos experimentales. Esto sugiere que lagiice los mismos puede variar dependiendo de

diferentes factores:

- Especie y cepa probiética

- Dosis

- Momento de comienzo del tratamiento
- Caracteristicas del hospedador

- Caracteristicas del modelo

Por esta razon, es interesante evaluar y compasaefectos beneficiosos de diferentes
probiéticos en el mismo modelo experimental y @misma dosis, y asi establecer qué probidticos
muestran el mejor perfil antiinflamatorio, dato®qocluso podrian predecir una actuacién sinérgica

tras su asociacion. Con este objetivo la preseste $e ha desarrollado en tres apartados:

1.- Valoracion del efecto antiinflamatorio intestinde Lactobacillus casei, Lactobacillus
acidophilus y Bifidobacterium lactis probi6ticos con eficacia demostrada en estudiosriangs.
Estos resultados nos permitiran ratificar las adiciones anteriores, estableciendo sus caractagstic

diferenciales en el modelo de colitis experimestddccionado.

2.- Ensayo de la actividad de los probiétitastobacillus salivarius ssp. salivariysLactobacillus
fermentum probiéticos ensayados por primera vez en un modeloolitis experimental y que en
estudios in vitro presentaron propiedades afiadidas que podian knfgoropiedades
antiinflamatorias, como la modificacion de la rédmc citocinas antiinflamatorias/citocinas

proinflamatorias y la liberacion de glutation resppeamente

3.- Estudio comparativo de los efectos preventgjescidos por los dos probidticdsactobacillus
fermentuny Lactobacillus reutetisiendo este Gltimo un probiético con elevadaaefer demostrada

tanto en humanos como en modelos experimentalesfdemedad inflamatoria intestinal.
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Para llevar a cabo nuestros estudios, el modglergnental utilizado ha sido el del acido
trinitrobenecenosulfénico (TNBS), uno de los maslizados para conocer los mecanismos
involucrados en el proceso inflamatorio intestina$j como para valorar inicialmente nuevos
tratamientos potencialmente Gtiles en la Ell en &nms. Su amplio uso se debe a su gran similitud
con las caracteristicas de la Ell en humanos, &l éproduccién y su bajo coste. Este modelo
consiste en la administracion intracoldnica de solacion de TNBS en etanol al 50%. El etanol da
lugar a la ruptura de la barrera intestinal famildo el acceso del TNBS a la mucosa, donde éste
actia como hapteno (Morrist al, 1989) siendo el responsable de la instaurac&nptbceso
inflamatorio (Elsonet al, 1995). Se ha postulado que el TNBS, ademés taracomo hapteno,
ejerce un efecto citotdxico directo sobre el efiteblénico, como consecuencia de su capacidad
para generar especies reactivas derivadas del mxigras su metabolismo por parte de los
colonocitos (Grisharet al, 1991), asi como por producir una disminuciérogeniveles colénicos
de glutation (Arditest al, 2000). Estos hechos facilitarian la desorgaimade la citoarquitectura
colénica, el aumento de la permeabilidad intestigalla entrada de productos luminales,
promoviendo la activacion del sistema inmunolégditestinal con la consecuente hiperproduccion
de diferentes mediadores proinflamatoribgy(ra 6) (Yamadaet al, 1992). En cualquier caso, la
presencia de la flora bacteriana coldnica es détante en la colitis crénica (Garcia-Lafuerteal,
1998), de manera que, cuando el TNBS/etanol esnégtraido a animales libres de gérmenes (o bajo

tratamiento antibacteriano), la respuesta inflaneatmbtenida es cuantitativamente inferior.

Como consecuencia del dafio colonico inducidogddFNBS tiene lugar la activacion e
infiltracion de neutréfilos y monocitos (inicialme), asi como linfocitos (posteriormente) en la
lamina propia, que contribuyen de forma clave @lbdgacronicidad de proceso inflamatorio (Palmen
et al, 1995; Yamadat al, 1992). El proceso inflamatorio intestinal geerae mantiene entre 3 'y
8 semanas (dependiendo de la dosis del TNBS),desgpone un periodo de tiempo adecuado para
la realizacion de estudios farmacolégicos (Radtaml., 1996). Concretamente, este modelo presenta
una gran similitud con la enfermedad de Crohn enamos, tanto con relacion a las modificaciones
histomorfolégicas, como al perfil de citocinas gse genera en el colon de los animales de
experimentacion. Asi, en distintos estudios con 3B ha demostrado que existe un predominio de
células T con predominio Thl, que se caracterizaigoproduccion de grandes cantidades deNF-

y pequefias cantidades de IL-4 (Elsdral, 1996; Neuratlet al, 1995); este tipo de respuesta esta
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promovida por una hipersecrecion de IL-12 que actifmo un potente inductor del desarrollo de
células del tipo Thl, productoras de INEFrinchieri, 1994), al igual que ocurre en la EBZgeseet

al., 1993; Fus®t al, 1996; Monteleonet al, 1997; Parronchét al, 1997). Del mismo modo la
colitis por TNBS reproduce otras caracteristicagsta enfermedad como la fibrosis y la formacién
de adherencias mesentéricas, obstruccion integtimapacto fecal (Morrigt al, 1989; Sanchez de
Medinaet al, 1996)

R # TNBS
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Figura 6. La administracién del TNBS por via intracolénicagima un proceso colitico
caracterizado por la liberacion de numerosos medrad proinflamatorios, asi como la induccion

de ciertas enzimas.
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El modelo descrito inicialmente por Morgs al (1989) consiste en la induccion del dafio
colénico mediante la administracion de una dosisalde 30 mg de TNBS en etanol al 50% (v/v).
En el presente estudio la dosis administrada sedizcido a 10 mg, con el objeto que el proceso
inflamatorio inducido sea mas facil de modular raath el correspondiente tratamiento, tal y como
ha sido propuesto anteriormente (Allgaydral, 1989; Veljacaet al, 1995). De hecho, y en
comparacion con resultados previos de nuestro gilegavestigacion y con los obtenidos por otros
autores, la administracion de esta dosis de TNB® 1fig) desarrollé un dafio colonico
cualitativamente similar al inducido con 30 mg, gus cuantitativamente menor (Camuestal,
2005; Morriset al, 1989).

1.- Ensayo de los probioticosBifidobacterium lactis, Lactobacillus acidophilus y Lactobacillus

casei_en el modelo de colitis experimental por el acidtrinitrobencenosulfénico (TNBS) en

ratas.

La seleccién de estos tres probiéticos se realteddiendo a los estudios anteriores que

muestran su eficacia en distintos modelos de ird#tadom intestinal.

En este sentiddifidobacterium lactisejerce un efecto protector sobre la permeabilidad
intestinal (y en consecuencia, un efecto beneficgmbre la Ell) al reducir la traslocaciéon bactesia
a los nddulos linfaticos mesentéricos en un modeleeseccion del 80% del intestino delgado, tanto

en ratas Wistar como en ratones (Eizaguwetral, 2002; Garcia-Urkiat al, 2002).

Estas observaciones son confirmadas en nuedtrdi@sya queB. lactis ejerce un efecto
beneficioso que se observo inicialmente por unaaedn significativa de la incidencia de diarrea
en las ratas tratadas en comparacién con el grofiice sin tratamiento, sugiriendo asi la
preservacion de la integridad de la mucosa colOfisto es de gran importancia ya que la alteracion
de esta barrera conlleva un incremento en el treesple antigenos luminales, toxinas bacterianas y
microorganismos hacia la lamina propia, estimulat@o distintos tipos celulares de la misma,
incluyendo las células inmunes, provocando agiflamacion del tejido (Heymaet al, 1994). El
analisis macroscopico del colon de las ratas taastawbn este probiético mostré6 una reduccién
significativa del cociente peso/longitud, indicadie edema coldnico, que se encuentra aumentado
en el grupo colitico sin tratamiento probidtico @pepnsecuencia del proceso inflamatorio. Este

efecto beneficioso se asocié con una restaurac&incdntenido col6nico de glutation cuyo
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agotamiento constituye un mecanismo importante afe disular en la enfermedad inflamatoria
intestinal. De hecho, estudios previos han mostcagocompuestos con propiedades antioxidantes,
como los derivados del acido 5 aminosalicilico ®flavonoides, contribuyen de manera beneficiosa
en la remision de éstas patologias intestinalem(@acoet al, 2004; Grishman 1994). El analisis
bioguimico mostré qué. lactis es capaz de disminuir de manera significativartadypccion de
TNFo col6nica, citocina con un papel clave en la infiaitn intestinal (Rutgeertst al, 2004). Por
ultimo, el efecto antiinflamatorio de este proliéttambién se acompafié por una reduccion de la
expresion de la INOS, inducida en el epitelio dteda inflamacion intestinal activa (Kimued al.,
1997; Singeet al, 1998). Este efecto puede estar asociado conpgicidad de reducir los niveles
de TNF, citocina que promueve la expresion de la iINOSiamd la activacion del NkB; o de
preservar los niveles de glutation. ya que exist@ nelacion directa entre el estrés oxidativo y la
regulacion de la expresiéon de iINOS (Hecletral, 1996; Lu y Wahl 2005). Por tanto, como
consecuencia del tratamiento probiético, se intdberoduccién de mediadores proinflamatorios
importantes derivados del NO, como el peroxinifrégente que juega un papel muy importante en

la patogénesis de la enfermedad (Fiocchi 1998)

El siguiente probiético utilizado fuéactobacillus acidophilus Chen et al., (2005),
pusieron de manifiesto su actividad inmunomoduladimhibiendo la produccion de citocinas
antiinflamatorias como IL-6, IL-12, y TNE-y estimulando la de citocinas antiinflamatoriasnoo
IL-10 en un modelo de colitis poCitrobacter rodentium modelo especifico de ratones con
hiperproliferacién de células epiteliales. Adendesnostraron un efecto protector sobre la mucosa
coldnica al aumentar la secrecion intestinal de ydinmitando la infeccidn por bacterias entéricas e
el mismo modelo (Cheat al, 2005). También, cabe destacar uacidophilusforma parte de la

mezcla probidtica VSL#3 con gran actividad en diss modelos de inflamacion intestinal.

En el presente estudi@actobacillus acidophilupreviene la colitis inducida por TNBS en
ratas, evidenciado macroscopicamente, por una c&musignificativa del dafio colénico, y del
cociente peso/longitud; y bioquimicamente por usathucién de la MPO en comparacién con las
ratas coliticas no tratadas. Esta bajada en laidati enzimatica muestra la menor infiltracion de
neutrofilos, probablemente derivado de una reducad la produccién colénica de L7,B
eicosanoide con capacidad quimiotactica. Este @tachbién se puede relacionar con la atenuacion

del estrés oxidativo en el colon, ya que el tragemai con este probidtico recupera de manera

116



Discusion

significativa los niveles col6nicos de glutation.efecto inhibidor sobre la sintesis y/o liberacat#i
LTB, puede considerarse un mecanismo de accion bastmaieteristico del efecto antiinflamatorio
intestinal ejercido pot.. acidophilus,siendo de gran interés ya que se ha descrito gimantes
farmacos para el tratamiento de la Ell como suldagsa o 5-ASA (Travis y Jewel 1994).
Finalmente, el efecto antiinflamatorio ejercido @ste probidtico también se asocié a una menor
expresion de la iINOS, posiblemente derivado dessauracion de los niveles de glutation o de la

reduccion de los niveles de LTB

Por dltimo, estudiamos la actividad antiinflamadoride Lactobacillus casei,
microorganismo que también forma parte de la mepoibiotica VSL#3. Este ha mostrado su
eficacia en varios modelos experimentales, medipdosdiferentes mecanismos de acciéon. Se ha
demostrado qué.actobacillus caseDN-114001 es capaz de reducir la permeabilidaéstimtal
alterada como consecuencia del proceso inflamaitadiacido por el TNBS en ratas, disminuyendo
asi la traslocacion bacteriana a los n6dulos lzdgatmesentéricos, al higado y al bazo (Liapial,
2005). Su efecto antiinflamatorio ha sido apoyadnkttién por su capacidad de aumentar los niveles
de IgA (inmunoglobulina capaz de promover la bariemunoldgica) en la mucosa colénica en un
modelo de colitis por DSS en ratones BALB-c (Kokeset al, 2006). La misma cepa también ha
inhibido la adhesion e invasion d&scherichia colienteropatdgena en células epiteliales Caco-2,
hecho que se puso de manifiesto en un esindiitro incubandose el probidtico, a la vez, antes y
después del patégeno (Ingrasst al, 2005). L. casei shirota ha demostrado su actividad
antiinflamatoria ejerciendo un efecto inmunomodataél inhibir la produccién de citocinas
proinflamatorias: IFN e IL-6 en células mononucleares de la lamina praj@l intestino grueso
estimuladas con LPS (Matsumadbal, 2005). Finalmentd,. caseiinmunitas es capaz de inhibir la
migracion de leucocitos al epitelio colénico alibih su adherencia al endotelio vascular, como
consecuencia de la inhibicion de la ICAM-1 (molécdé adhesion intercelular-1), en un modelo de

colitis experimental por TNBS en ratas (Angetal, 2006).

Los resultados obtenidos del tratamiento coneeter probidtico,Lactobacillus casei
LAFTI L26, muestran su efecto beneficioso desdeuaito de vista macroscépico mediante la
reduccion significativa del cociente peso/longitudiioquimico por una recuperacion de los niveles
de glutation. Su actividad beneficiosa tambiénssxi@ a una reduccion de la expresion de la COX-

2, enzima que cataliza la conversién del acidowaddgico dando lugar a las prostaglandinas PGE
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y PGL, que se encuentran implicadas en procesos patolglel tracto gastrointestinal, y es
inducida en macrdéfagos, fibroblastos y células wases, endoteliales y de musculo liso por varias
citocinas, endotoxinas, factores de crecimientoramptores de tumores (Smith y Langenbach,
2001)

Una caracteristica interesante que nos gustastachr es que solo los probidticos del
género Lactobacillus fueron capaces de modificar la flora col6nica, arejdo el cociente
LactobacillugBacterias patdgenas. Este efecto contribuye deeraasignificativa al efecto
beneficioso ejercido por los probitticos en estaleim de colitis experimental. De hecho, se ha
demostrado que el aumento en la concentraciérattobacillus sp. reduce la adherencia y
traslocacion de bacterias patégenas en ratone® K€l (Madseret al, 1999), previniendo asi sus
efectos perjudiciales sobre la respuesta inmuaixacerbada en la inflamacién intestinal, segun lo
propuesto tanto en modelos experimentales (Gamfaelte et al, 1997) como en humanos
(Cummingset al, 2003).

Para poder comparar en conjunto los probidtieajzamos laabla 10 Analizando estos
resultados, podemos observar que si bien los ma&sgticos presentan actividad antiinflamatoria
(evidenciado por la relacion peso/longitud y lataesacion de los niveles de glutation), tienen
marcadas diferencias en su comportamiento desgengd de vista macroscépico, bioquimico y

microbiolégico. En este sentido, podemos destagar g

- B. lactis es el Unico probidtico capaz de modular la progfuc de TNk , modulando de

manera beneficiosa la respuesta inmune alteratiaieftamacion.

- Solamentel. acidophilus inhibi6 los niveles de LTRB eicosanoide quimiotactico que juega un
papel muy importante en los estadios inicialespdeteso inflamatorio. La menor infiltracién
leucocitaria derivada de esta inhibicién viene adalpor la disminuciéon en los niveles de la
actividad MPO. Otro mecanismo importante es el tefecsobre el cociente

Lactobacillugpatégeno.

- Por Gltimg Lactobacillus caseademas de disminuir el cocieritactobacillugPatdégeno, redujo
la produccion enzimatica de la COX-2, probablemeatdevado de la reduccién del estrés
oxidativo como consecuencia del tratamiento pratodtejerciendo un efecto positivo sobre la

inflamacioén intestinal.
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Tabla 10. Resumen de resultados del tratamiento con Bislatt acidophilus, L. casei y en el
modelo de colitis experimental por TNBS en ratas.

B. lactis L. acidophilus L. casei
IDM +
Longitud dafio +
Peso/longitud ++ ++ ++
MPO +
Glutation + + +
TNFa +
LTB, +
iINOS + +
COX-2 +
Lactobacillus: + +

Patdégeno

+: p<0,05 vs. control; ++: p<0,01 vs. control.
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2.- Ensayo de los probiéticod actobacillus salivarius ssp. salivarius y Lactobacillus fermentum

en el modelo de colitis experimental por el acidagihitrobencenosulfénico (TNBS) en ratas.

El segundo objetivo planted la blsqueda de qirobidticos con caracteristicas idéneas
para el tratamiento de la Ell. Surgié una colabidracon Puleva Biotech, empresa que aisl6 un gran
namero de probiéticos de diferentes fuentes, idalua leche materna. De esta coleccién de
probiéticos, se seleccionaron dos, que poseiarttesisticas afiadidas determinadas en estudios

vitro:

Lactobacillus salivarius ssp. salivariuss capaz de modificar el perfil de citocinas
proinflamatorias/citocinas antiinflamatorias, reidumclo los niveles de citocinas proinflamatorias
liberadas por macréfagos (T IL-12), y aumentando los niveles de la citoa@néinflamatoria
IL-10.

El segundo probidtico fueactobacillus fermentumque procede de la leche materna,

produce compuestos antioxidantes como el glutatisun precursor, el dipéptideGlu-Cys.

Los resultados obtenidos en el presente estudielan que el tratamiento con ambos
probidticos mostré una clara eficacia en este nwodelcolitis experimental. La administracion oral
de los mismos facilitd la recuperacion del tejidoidenciado histolégicamente, por una reduccién
significativa del tamafio y severidad del tejiddanfado, mostrando las zonas ulceradas un proceso
de reepitelizacion; y macroscépicamente, mediamtdisminucion del tamafio de la lesién y del

cociente peso/longitud.

Este efecto beneficioso ademas se constaté ddsoiento de vista bioquimico por una
menor actividad MPO. Ambos probiéticos fueron casade reducir los niveles de esta enzima,
hecho confirmado histolégicamente mediante unaidiscion de la infiltracion leucocitaria en los
grupos tratados con los probiéticos en comparamidnel grupo control, lo que demuestra su efecto
beneficioso, ya que la extravasacion de leucoditm#tribuye de forma muy marcada al dafio

colénico en este modelo de inflamacion intestiAfiéboret al, 2004).

Sin embargo, el mecanismo por el que estos picb&inhiben la migracién leucocitaria

puede diferir en funcion de las caracteristicasritesin vitro para estas bacterias.
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Asi, el efecto inhibidor deactobacillus fermentursobre la infiltracion leucocitaria puede
ser consecuencia del efecto preventivo ejerciddraolos radicales libres derivados del dafio
oxidativo provocado por el TNBS, mediante la pragidic de glutation y de su precurgeGlu-Cys
(Ardite et al, 2000; Grishmaet al, 1991). Este dipéptido tiene un papel muy impdetade hecho,
diversos estudios han descrito que es un antiobddatin mas efectivo que el glutation en el
intestino. Aunque y-Glu-Cys puede ser también el sustrato de otrasmasz como y-
glutamilciclotransferasa, la sintesis de glutagsia aumentada en las células animales debido a su
alta afinidad por la glutation sintetasa (\ual, 2004). Las propiedades antioxidantes de estss do
compuestos (glutation y-Glu-Cys), parecen ser cruciales para el efectoefimoso de este
probiético. De hecho, se ha propuesto que la geiderale radicales libres en el tejido inflamado
constituye una sefal temprana que promueve laradibn de neutréfilos en el tejido colénico, que
a su vez produce una gran cantidad de radicalesslique participan de manera activa en la
perpetuacion de la respuesta inflamatoria (@ual, 1999). Por esta razon, la neutralizaciéon de
estas especies reactivas del oxigeno llevaria gonaiinhibicion de la infiltracién de neutrdfilos,

hecho observado en este estudio.

En relacién con la actividad antiinflamatoria rejda por Lactobacillus salivarius ssp.
salivarius se caracterizd por una reduccion muy marcadasl@ileles de TN& mediador muy
importante, ya que actia como un potente quimigairta, contribuyendo asi al reclutamiento de
neutréfilos en la mucosa. Este hecho concuerdalapmstudiosn vitro que demuestran que
salivariuses capaz de reducir los niveles de las citocinamffamatorias liberadas por macréfagos
(TNFa y IL-12) y aumentar los de la citocina antiinflaoréa IL-10. Hay una gran diversidad en las
caracteristicas inmunomoduladoras de las cepdsaad®bacillusya que hay trabajos previos que
indican que ciertas cepas tlactobacillustienen la capacidad de aumentar los niveles dedTNF
(Miettinen et al, 1996), sin embargo otras, corbactobacillus rhamnosus G@EGG) lo reducen
(Pena y Versalovic, 2003). LGG también reduce eiestde TNFe/IL-10, y ha demostrado ejercer un
efecto antiinflamatorio tanto en humanos (Schettal, 2004) como en modelos experimentales
(Dielemanet al, 2003). Estos efectos sobre la respuesta innmianti@nen especial relevancia ya
que podria promover el cambio de una respuestanitania mediada por Thl a una respuesta

inmunitaria mediada por Th2/Th3, segin lo propupsaialactobacillusGG (Schultzt al, 2003).
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Finalmente, es muy interesante destacar la adgudhode Lactobacillus fermentunde
modificar la flora colénica, aumentando de manegmificativa los niveles dd.actobacillus
Sabiendo que losactobacillusson los responsables de la fermentacion de la @lando lugar a la
produccion de los acidos grasos de cadena codalime@s medir su produccién colénica. De hecho,
se comprobd que se encontraba incrementada erafas coliticas tratadas cdractobacillus
fermentunen comparacion con el grupo control sin tratami@ntdiotico. Esto nos hizo pensar que
el efecto inhibidor del tratamiento probiético sella produccion de citocinas se podia deber a la
actividad de los AGCC sobre distintos factoresrdagcripcion, como el factor nuclesaB- (NFkB),
el cual, juega un importante papel en la regulad®ia expresion de genes que codifican numerosas
citocinas en la inflamacién (Schottelius y Baldwi®99). De hecho, se ha publicado que el butirato
reduce la produccion de TN células mononucleares de la lamina propia @gstas intestinales
mediante la inhibicién de la activacion del -y de la degradacién deatBa (Segairet al, 2000).
También se ha sefialado el efecto del butirato sebfeFB en células HT-29, probablemente
derivado de su capacidad de inhibir deacetilase@s @t al, 2000). Finalmente hay que destacar que
la reduccion del estrés oxidativo coldnico puedkice la produccion de citocinas, ya que ekBF
es un factor de transcripcion que se activa pestés oxidativo en la inflamacion intestinal (Rwgl
et al, 1998).

De este estudio podemos dedudialfla 1) que ambos probiéticos muestran actividad
antiinflamatoria. Aunque existen ciertas difereagciacomo en cuanto a su capacidad
inmunomoduladora, ya queactobacillus salivariusbaja de manera mas marcada los niveles de
TNFa en comparacion cohactobacillus fermentumPor otro lado, solamente. fermentumes
capaz de aumentar de forma significativa los nisdkel_actobacillusen el colon, y en consecuencia
los niveles de acidos grasos de cadena corta,atsstdel colonocito, ejerciendo un efecto

beneficioso en su recuperacion.
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Tabla 11. Comparacién del efecto antiinflamatorio de Lactoitlus salivarius ssp. salivarius y

Lactobacillus fermentum en el modelo de colitiseeixpental por TNBS en ratas.

IDM + +
Long dafio ++ ++
Peso/longitud ++ ++
MPO + 4+
Glutation + +
TNFa —+ +
iINOS + +
Lactobacillus +

+: p<0,05 vs. control; ++: p<0,01 vs. control.

Analizando los resultadok, fermenturmaporta una serie de caracteristicas que lo hacen un
probidtico ideal para el tratamiento de la enferageuhflamatoria intestinal, bien solo o asociado, y
gue es uno de los pocos capaces de generar coopaesinxidantes per se. Ademas, de todos los

probidticos ensayados, es el Gnico que incremdmateento de bacterias saprofitas beneficiosas.
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3.- Estudio comparativo _de los efectos preventivogjercidos por los dos probibticos:

Lactobacillus fermentum v Lactobacillus reuteri en el modelo de colitis experimental por TNBS

en ratas.

Teniendo en cuenta los resultados obtenidos estaetlio de la eficacia de los anteriores
probiéticos, decidimos comparar la actividad afiimatoria deLactobacillus fermentuny de
Lactobacillus reuteti probiético con eficacia sobradamente demostratlaargeriores estudios
(Holmaet al. 2001; Madseet al 1999; Maoet al 1996; Molleret al. 2005), sin embargo éste es el

primero que la describe en este modelo de cokfigemental.

Los dos probioticos redujeron algunos de los mpatéos clinicos caracteristicos de este
modelo de colitis experimental como la anorexiarrm@ia, y parametros macroscopicos; sin embargo,
el tratamiento corLactobacillus fermentunmesultd, de nuevo, ser mas efectivo. De heche est
probiético disminuy6 la incidencia de diarrea y @sibnes, el cociente peso/longitud asi como la
extension y el indice de dafio macroscopico. Y paroatrario, el tratamiento cobactobacillus

reuteri s6lo modifico el cociente peso/longitud en compiracon las ratas coliticas no tratadas.

Desde el punto de vista bioguimico, Unicameb&etobacillus fermentunredujo la
actividad enzimatica MPO, y contrarrestd la redbecide los niveles de glutation como
consecuencia de la colitis. Sin embargo, si disygmen de manera significativa los niveles de

TNFo ambos probiéticos

Finalmente, el estudio microbiolégico mostré gaeato Lactobacillus fermentuncomo
Lactobacillus reuterirestauraron el cocienteactobacilliBacterias patégenas, contribuyendo al
efecto beneficioso ejercido por los dos probiétices interesante destacar guectobacillus
fermenturres capaz de aumentar la produccion de AGCC, esdpesite butirato, que es la fuente de
energia fundamental del colonocito. Sin embargeerdos autores han propuesto que la Ell podria
ser consecuencia de una falta de butirato en ehamlde una alteracion de la utilizacion del mismo

por parte del colonocito (Mortensen y Clausen, 1886iriguez-Cabeza al. 2002).
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Tabla 12. Resumen de resultados del tratamiento con L. fetune y L. reuteri en el modelo de

colitis experimental por TNBS en ratas.

IDM *

Longitud dafio +

Peso/longitud % +
MPO %

Glutation +

TNFa + +
Acetato *

Butirato *

Propionato *

Lactobacillus +

Bifidobacterium + +
Lactobacillus: + +
Patogeno

+: p<0,05 vs. control; *: p<0,05 vkactobacillus reuteri.

Basandonos en eabla 12 y comparando los resultados de este estudio, aprobiodticos
tienen en comin la capacidad de reducir el edeniénico evidenciado por el cociente

peso/longitud; la reduccién de los niveles de facoa proinflamatoria TN& mostrando por tanto
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ambos un efecto modulador de la respuesta inmimitgrel cocienteLactobacillugPatégeno,
pardmetro clave para su actividad antiinflamatiestinal. Sin embargd,actobacillus fermentum
posee propiedades afiadidas como la produccion utatigh, que podria explicar la menor
infiltracion de neutrdfilos evidenciado por unoduecién de los niveles de MPO. Por tanto, nuestro
probiético es mas eficaz que reuteri probiético con eficacia mas que demostrada slabsalud
humana (Valeuet al, 2004).

También cabe destacar que estos probiéticosca®meinan en la leche materna, aunque las
dosis administradas a las ratas en este estudialpimmente son mucho mayores a las presentes en
la misma. Sin embargo, estos resultados sugierenlajeolonizacion de estos probidticos en el
lumen coldnico, podria resultar en efectos berwfas para estos sujetos, probablemente derivados

de sus propiedades inmunomoduladoras.

Finalmente, en este estudio hemos ratificadaai gotencial terapéutico dectobacillus
fermentumsobre estas patologias intestinales, superanditsin@a probiéticos como Lactobacillus
reuteri, que ha demostrado su eficacia en distintas pgisdoen un gran numero de estudios.
Lactobacillus fermenturademas de ser uno de los pocos que es capaadieiprglutation per se,
posee actividad inmunomoduladora y es capaz despaesla funcion de barrera intestinal al
aumentar los niveles de lactobacilos y bifidobaateiNo obstante, hay que hacer mas estudios tanto

experimentales como en humanos para poder confestas resultados.
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Conclusiones

Lactobacillus casei, Lactobacillus acidophilus y Bifidobacterium lactis muestran actividad
antiinflamatoria intestinal en el modelo de coli#isperimental por TNBS en ratas, siendo su

eficacia diferente tanto desde el punto de vistditativo como cuantitativo.

El tratamiento conLactobacillus salivarius ssp. salivarius también muestra eficacia
antiinflamatoria en el mismo modelo. Esta se basae capacidad de modular la respuesta

inmune, evidenciada por una disminucion signifiGatie la citocina TN

Lactobacillus fermentum mostré un claro efecto beneficioso en esta caitigerimental debido
a su capacidad de generar sustancias antioxidaltiesnas, este probiético fue el Unico de
todos los ensayados que elevé la poblacion debactos y bifidobacterias, lo que repercutié

en un aumento de los niveles de acidos grasosddmaaorta, especialmente butirato.

Por ultimo,Lactobacillus fermentum puede ser una especie con un gran interés estaiiento
de la enfermedad inflamatoria intestinal utilizaseldien solo o asociado ya que es uno de los

pocos probidticos capaces de generar sustanciagidantes.
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ANEXOS







Abreviaturas

ABREVIATURAS

Ag.
AGCC
AINE
BCA
CARD
CFU
CMH-II
COX-2
Cu
DSS
EC

EDTA
Ell

E. coli
FID
GSH
GSSG
HPLC

IAEC
IAP
IBD
IDM

| kB
I kK

Antigeno

Acido graso de cadena corta

Antiinflamatorio no esteroidico

Acido bicinchoninico

Dominio de recruimiento de caspasaaspase recruitment domain)
Unidad formadora de colonias

Complejo mayor de histocompatibilidad desddl
Ciclooxigenasa-2

Colitis ulcerosa

Sulfato de dextrano sédico

Enfermedad de Crohn

Acido etilendiaminotetraaceticetlfylenediaminetetraacetic acid)
Enfermedad inflamatoria intestinal
Escherichia coli
Detector de ionizacion de llamBléme ionization detector)
Glutation reducido
Glutation oxidado
Cromatografia liquida de alta definicidtigh Performance Liquid
Chromatography)
indice de actividad de la Enfermedad de Crohn
indice de actividad de la pouchitis
Inflammatory bowel disease
indice de dafio macroscépico
Inmunoglobulina
Subunidad inhibidoraB
| kB kinasa

Interleucina
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Abreviaturas

IFN-y
iNOS
LGG
LPS
LTB,
MPO
NADPH
NF-«B
NO
NOD

NOS
PBS
PGE2
SDS
SDS-PAGE
TBS
TCA
TGFp
Th
TLR
TNBS
TNF-0

Interferony

Oxido nitrico sintasa inducible

Lactobacillus rhamnosus GG

Lipopolisacarido

Leucotrieno B

Mieloperoxidasa

Nicotinamida adenin dinucleotido fosfato reiio
Factor de transcripcion nuclecs

Oxido nitrico

Dominio intracelular de oligomerizacién de redtidos

(intracellular nucleotide oligomeration domain)
Oxido nitrico sintasa

Tampon fosfato salin@liosphate buffer saline)
Prostaglandina E2

Dodecil sulfato sodiceddium dodecyl sulfate)
Electroforesis en gel desnaturalizanteadiacrilamida
Tampon tris salindl(is buffer saline)

Acido tricloroacético

Factor de crecimiento transformatffite-

Célula T colaboradord helper)

Receptor tipo TollToll like receptor)

Acido trinitrobencenosulfénico

Factor de necrosis tumoral
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luminales desencadenan una respuesta inmunolégioemal. El equilibrio entre las bacterias
beneficiosas y las agresivas regula la homeostads inflamacion crénica, influenciado éste por

diferentes factores genéticos y ambientales.............covieeeceii i e 16

Figura 4. Diferentes mecanismos de accion ejercidos pdrdaterias
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Figura 5. Disefio experimental..........cc.cooviieeie i s e e e ve e e e eaene e 4D

Figura 6. La administracion del TNBS por via intracolon@&gina un proceso colitico
caracterizado por la liberacién de numerosos medtsdproinflamatorios, asi como la induccion de

(o1 1] = TR = 0 4 = 1 .
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