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RESUME

Le cancer colorectal (CCR) représente I'une des principales causes de mortalité liees
au cancer dans le monde. De nombreux efforts ont été déployés afin de déterminer les
facteurs de risques liés a I'étiologie de ce cancer. Bien qu’'une composante génétique
ait été eétablie dans la pathogénese de la maladie, de nombreuses études
épidémiologiques suggerent que 90% des cas de CCR sont sporadiques c’est-a-dire
qu’ils se développent chez des individus ne possédant aucune prédisposition
génétique. Elles indiquent que les facteurs environnementaux comme le mode de vie
et I'alimentation influencent beaucoup plus l'incidence de la maladie. Mis a part les
€léments environnementaux, d’autres études ont également démontré I'implication du
microbiote intestinal dans le développement de ce cancer. Plusieurs études montrent
gue les polyphénols présents dans les petits fruits, les plantes médicinales, les
végétaux et les métabolites produits par les bactéries probiotiques et leurs
composantes cellulaires peuvent agir comme agents chimio préventifs. Toutefois trés
peu détudes ont jusqu’ici évalués les possibles effets synergiques entre les
composantes présentes dans les végétaux et les métabolites produits par les bactéries
probiotiques au cours de la fermentation ou méme leurs constituants cellulaires. Les

objectifs de cette étude sont donc :

a) Evaluer in vitro les propriétés antinéoplasiques de différentes classes de
polyphénols obtenues par séparation chromatographique (CLHP) d’un jus de
canneberges concentré et ceux de calices d’Hibiscus sabdariffa L. obtenues
suite a une extraction par solvants seuls et combiné avec des composés
membranaires extraites d’'une biomasse contenant trois bactéries probiotiques :
Lactobacillus acidophilus CL1285, L. casei LBC80R et L. rhamnosus CLR2.

b) Déterminer I'effet de différentes doses d’un lait fermenté probiotique spécifique
(1.2x108 - 1x10° UFC) contenant L. acidophilus CL1285, L. casei LBC80R et L.
rhamnosus CLR2 et ces différentes fractions (composantes membranaires,
surnageant: métabolites bactériens, culot : bactéries seules) sur les propriétés

antinéoplasiques mesurées dans un modeéle animal.



Les résultats obtenus dans cette étude suggerent que certains composés phénoliques
du jus de canneberges (acides phénoliques et flavonols) et de /'Hibiscus sabdariffa
(anthocyanines et acides phénoliques) sont capables d’inhiber in vitro la croissance des
cellules cancéreuses et d’induire l'activité de la quinone réductase. De plus, lorsque
ces derniers sont combinés aux composantes membranaires I'inhibition au niveau de la
prolifération cellulaire est augmentée. Cette étude montre également que la plus forte
dose de lait fermenté (1x10° UFC) et certaines fractions du lait comme par exemple le
culot, sont capables de diminuer la formation de cryptes aberrantes, d’'induire I'activité
d’enzymes détoxifiantes du foie et d’inhiber l'activité d’enzymes fécales. Les résultats
de cette étude ont permis de démontrer que les bactéries probiotiques et leurs
composantes ainsi que les composés phénoliques pourraient contribuer a diminuer le

risque de développer le CCR.



ABSTRACT

Colorectal cancer (CRC) represent one of the principal cause of cancer related-death
worldwide. Many efforts have been made to determine risk factors linked to this cancer
etiology. Although a genetic predisposition have been linked to the pathogenesis of
CRC, numerous epidemiological studies have identified that 90% of the CRC cases are
sporadic meaning that they develop in individuals with no genetical predisposition.
Those studies indicated that environmental factors such as lifestyle (excessive alcohol
consumption, smoking, physical inactivity) and diet influence greatly CRC incidence.
Besides the environmental factors, other studies demonstrated the involvement of the
intestinal microbiota in CRC carcinogenesis. Many studies showed that natural
compounds like phenolic compounds found in berries, in medicinal herbs, in vegetables,
the probiotics bacteria and their membrane constituents and their metabolites have
chemopreventive effects against colon cancer development. However, only few studies
have evaluated the possible synergy between the polyphenols present in berries and
plant and the probiotic bacteria constituents and metabolites produced during

fermentation. The objectives of this study are:

a) Investigate in vitro the anticancer properties of different classes of phenolic
compounds obtained by HPLC fractionation of a cranberry concentrate juice and
solvents extraction from Hibiscus sabdariffa L. dry calyces combined with cells
walls obtained from a biomass containing Lactobacillus acidophilus CL1285, L.
casei LBC8OR et L. rhamnosus CLR2.

b) Determine in vivo the effect of different doses (1.2x108-1x10° CFU) of a specific
probiotic fermented milk produced by L. acidophilus CL1285, L. casei LBC80R and
L. rhamnosus CLR2 and its different fractions (cell wall constituents, supernatant:

derived-metabolites, pellet: bacteria).

The results obtained in this study suggest that some classes of phenolic compounds
from either cranberry concentrate juice (phenolic acids, flavonols) or Hibiscus sabdariffa

L. calices (anthocyanins, phenolic acids) are able to inhibit cancerous cell growth and



induce an increase of the quinone reductase (QR) activity. Moreover, when combined
with the cell wall constituents there is an increase of the inhibitory effect against the
colon cancer cell proliferation. This study also shows that the highest dose of a
fermented milk (1x10° CFU) and fractions such as pellet are able to significantly reduce
the formation and the multiplicity of precancerous lesions, increase the activity of a
detoxifying enzyme and decrease the activity of fecal enzymes. Those results suggest
that the fermented milk and its different components, the cranberry concentrate juice
and the Hibiscus sabdariffa could probably act as chemopreventive substance against

CRC development.
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1. INTRODUCTION

Le cancer constitue un probleme de santé majeur. |l s’agit d'une des maladies
chroniques les plus meurtrieres dans le monde, avec 14 millions de cas diagnostiqués
dont 8.2 millions de morts pour I'année 2012 OMS (2015).

La carcinogénese implique une séquence de mutations conduisant a I'initiation et a la
progression de la transformation d’une cellule normale a une tumeur bénigne puis en
une tumeur maligne (Hanahan et al., 2000). Ces mutations perturbent les voies de
signalisations normales impliquées dans le métabolisme, la prolifération, la

différenciation, la survie et la mort cellulaire.
Ce processus peut se résumer en trois étapes :

a) Linitiation qui est irréversible caractérisée par I'accumulation de Iésions
génétiques au niveau de la cellule : des mutations ponctuelles, suppression des
genes ou encore réarrangement des chromosomes.

b) La promotion définie comme la croissance des cellules préalablement
endommagées geneétiquement parlant et une accumulation d’autres mutations.
Cette étape est considérée comme étant réversible.

c) La progression caractérisée par linstabilité au niveau du caryotype et la

croissance de tumeur maligne.
(Pitot, 1993)

Au Canada, le cancer a représenté 30% des décés pour 'année 2009. Selon les
statistigues de la Société Canadienne du Cancer, 41% des Canadiennes et 45% des
Canadiens seront atteints d’un cancer au cours de leur vie. Une estimation réalisée en
2014 a affirmé que parmi les 97700 canadiens qui ont été diagnostiqué avec un cancer
40000 en mourront et pour ce qui concerne les femmes parmi les 93600 diagnostiqués

36600 vont en mourir (www.cancer.ca).

Le taux de survie lié au cancer a augmenté au cours des derniéres années grace aux

progres réalisés dans le domaine de la détection et des traitements.



En ce qui concerne la détection des tests de dépistages sont effectué de facon
réguliere afin de déterminer la présence de tumeur avant I'apparition de tous
symptdbmes. Bien que ces tests ne sont pas totalement infaillibles, leur réalisation
permet de 1) augmenter le taux de survie, plus tot le cancer est détecté meilleurs sont
les chances que le traitement fonctionnent 2) améliorer la qualité de vie; une détection

précoce peut diminuer la durée du traitement et de la convalescence.

2. GENERALITES SUR LE CANCER COLORECTAL (CCR)

Le cancer colorectal (CCR) est le 4°™ cancer avec le nombre de décés le plus élevé
dans le monde (OMS, 2015). L’incidence de ce cancer est 18% plus élevés dans les
régions plus développés par rapport aux régions qui le sont moins. Les régions ou
l'incidence est la plus élevée sont : I'Europe, ’Amérique du Nord et I'Océanie tandis que
les pays de I'Afrique de I'Est présentent le taux d’incidence le plus bas (Globocan,
2012). Au Canada, il représente le 3°™ cancer le plus diagnostiqué chez les hommes
et le deuxiéme chez la femme. Pour I'année 2014, 13% des nouveaux cas de cancer

diagnostiqués et 12% des déces par cancer étaient dus au CCR (www.cancer.ca).

Le développement du CCR résulte de l'accumulation de nombreux changements
génétiques et épigénétiques. Ces changements provoquent la transformation de la
muqueuse intestinale normale en un carcinome par I'activation de pro-oncogénes et
l'inactivation des génes suppresseurs de tumeurs; dans un processus appelé séguence
adénome-adénocarcinome (Kinzler et al., 1996, Leslie et al., 2002).

La séquence adénome-adénocarcinome commence avec une mutation du gene APC

situé sur le chromosome 5 qui provoque une hyperprolifération de I'épithélium de
l'intestin (foyers de cryptes aberrantes). L’hyperprolifération de I'épithélium aboutit a la
formation des polypes et de petit adénome. Les petits adénomes peuvent se
transformer en adénome intermédiaire s’il y a mutation au niveau du gene K-ras. Ces
derniers se développent en adénome tardifs lorsqu’'une mutation apparait sur le géne
DCC situé sur le chromosome 18. Si le gene p53 subit une mutation ou devient inactive

'adénome tardif peut progresser en un carcinome.



Approximativement 5-10% des cas de CCR diagnostiqués surviennent dans un
contexte héréditaire. Il s’agit de la polypose adénomateuse familiale (PAF) ou encore
le CCR héréditaire sans polypose (HNPCC ou syndrome de Lynch) (Power et al., 2010,
Soreide et al., 2006, Soreide et al., 2009).

Parmi les 90% de cas de CCR sporadiques; 3 voies moléculaires distinctes peuvent
expliquer la série d’événements menant au développement de la maladie; une
caractérisée par une instabilité chromosomique (environ 65-85%), une autre
caractérisée par une hyperméthylation de I’ADN au niveau des ilots CpG des régions
promotrice du gene (15-20%) et la derniére caractérisée par une instabilité au niveau
des microsatellites (15%) (Al-Sohaily et al., 2012, Goel et al., 2003, Manceau et al.,
2012, Pino et al., 2010). Elles ne sont pas mutuellement exclusives, certaines tumeurs
peuvent présenter des caractéristiques appartenant a chacune de ces 3 voies (Goel et
al., 2003).

Mis a part les facteurs de risques héréditaires, il existe plusieurs autres éléments
considérés comme étant un facteur de risque pour le CCR comme l'age (Regula et al.,
2006), le sexe (Gordon et al., 2010), un historique familial de CCR et des facteurs
environnementaux comme la diéte (Fung et al., 2013) et la consommation excessive

d’alcool (Giovannucci et al., 1995).

3. ALIMENTATION, CANCER COLORECTAL ET MICROBIOTE

INTESTINAL

3.1 Alimentation et CCR

L’alimentation est considérée comme étant le facteur de risque majeur en ce qui a trait
a cette maladie. Des études épidémiologigues ont montré que plus de 80% des cas de
CCR ont été attribué a des facteurs reliés a la diéte dans les populations occidentales
(Bingham, 2000, Theodoratou et al., 2014).



Lors de la carcinogénese du CCR, certains éléments de I'alimentation peuvent agir soit
en tant que pro-carcinogéne ou agent anti-carcinogéne (Chan et al.,, 2010). Les
nombreuses études expérimentales et cliniques ont permis de distinguer deux types de

régime alimentaire :

a) Le premier ou diete occidentale favorisant le développement du CCR. Elle est
caractérisée par une consommation élevée en viande rouge et/ou transformée,
aliments transformés, glucides raffinés, sucres (Yusof et al., 2012).

b) Le second ou régime alimentaire « santé » ayant un r6le protecteur face au
développement du CCR. Elle est caractérisée par une consommation élevée en
fruits, végétaux, grains entiers, poissons, céréales et faible en viande rouge et/ou

transformée, et sucres (Magalhaes et al., 2012, Yusof et al., 2012).

3.1.1 Consommation de viande rouge et transformée

Le CCR est le seul cancer dont I'incidence a été associée a une consommation élevée
de viande rouge (WCRF/AICR, 2011). Les viandes rouges et transformées ont un taux
élevé de composés carcinogenes pouvant causer des dommages a I’ADN (Sutandyo,

2010). Ces composeés sont :

a) Les amines aromatiques hétérocycliques (AAH): sont formés lorsque les
viandes sont cuites a haute température pendant longtemps.

b) Les hydrocarbures aromatiques polycycliques (HAP) : résultent de la combustion
incompléte de matériaux organiques comme le bois et le charbon.

c) Les composés N-nitrosés produits dans la viande ou par des processus
meétaboliques di a des réactions redox d’oxyde d’azote, les nitrites et les nitrates
avec des amines secondaires.

d) Le fer hémique : Ce composé se retrouve en grande concentration dans les
viandes rouges. |l est capable de former des composés N-nitrosés et également
d’augmenter la prolifération cellulaire au niveau de la muqueuse intestinale
(Baena et al., 2015)

De nombreuses études épidémiologiques ont été réalisées afin d’évaluer le lien entre le

CCR et la consommation de viande rouge (Larsson et al., 2006, Norat et al., 2005,
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Smolinska et al., 2010). Une étude épidémiologique internationale a démontré que le
risque de développer le CCR augmentait de 35% et de 49% chez des sujets
consommant plus de 160g/jour de viande rouge et 25g/jour de viande transformée
respectivement (Ferguson, 2010). Il a été rapporté que la consommation en tres
grande quantité de viande rouge (100g/jour) et transformée (50g/jour) était associée a

une augmentation significative du risque de développer le CCR (Chan et al., 2011).

Le rapport émis par World Cancer Research Fund/American Institute for Cancer
Research (WCRF/AICR) classe les preuves associant le CCR a la consommation de la
viande comme étant convaincantes (WCRF/AICR, 2011).

Il faut garder a l'esprit que la viande contient des nutriments importants comme les
protéines, les acides aminés, les vitamines (Lafarga et al., 2014). La consommation de
cette dernieére en quantité raisonnable fait partie d’'une alimentation balancée. Le risque

de développer le CCR résulte de la consommation excessive de la viande.

3.1.2 Consommation de poisson

La consommation de poisson possederait un potentiel protecteur contre le CCR d( a la
présence de vitamine D, de sélénium et d'oméga-3 (Vargas et al., 2012).

Des études ont mis en évidence l'effet protecteur des acides gras de la famille des
omeéga-3 contre le développement du CCR (Villanueva et al., 2011, Wendel et al.,
2009).

Une méta-analyse publiée en 2012 a montré une diminution de 12% du risque de CCR
avec une alimentation riche en poisson. La conclusion tirée a partir de cette analyse a
été que la consommation de poisson était inversement associée au risque de
développer le CCR (Wu et al., 2012). Une autre analyse rapporte que les preuves sur
'association de la consommation de poisson et le risque de CCR demeuraient peu
concluantes (Song et al., 2014).

Un rapport émis par WCRF/AICR se basant sur la revue de dix-neuf études de cohorte
indique la possibilité qu’'une grande consommation de poisson réduise le risque de CCR
(Vargas et al., 2012).



3.1.3 Consommation de fruits et de légumes

L’effet positif des fruits et des légumes dans la diminution du risque de développer le
CCR serait di a la présence de nombreux métabolites possédant un potentiel

protecteur affectant différentes voies biochimiques (Aggarwal et al., 2006).

De nombreuses études épidémiologiques ont investigué le réle des composés
phénoliques, des fibres, des vitamines présents dans les fruits et végétaux par rapport a
la réduction des cancers (Gorham et al., 2007, J Tarraga Lopez et al., 2013, Vauzour et
al., 2010).

Les résultats concernant la diminution du risque de CCR par la consommation de fruits
et de végétaux sont tres contradictoires. Le consortium EPIC « European Prospective
Investigation into Cancer and Nutrition » en 2012, a indiqué qu'il existait une forte
relation entre la consommation de fruits et de légumes chez des participants non-
fumeurs et physiquement actifs et la réduction du risque du CCR (Gonzalez et al., 2012,
Hooper et al., 2008). Le rapport d’'une méta-analyse réalisée en 2011 montre une
réduction de 10%, 9% et 8% du risque de développer un CCR avec la consommation
de fruits, de légumes et des deux respectivement. Ces résultats montrent que la
consommation de fruits et de végétaux n’affecteraient en rien le risque de développer la
maladie (Aune et al., 2011b). Une autre étude réalisée en 2007, a montré une
diminution de 26% du risque de développer le cancer du cblon au niveau distal de
I'organe chez les individus consommant beaucoup de fruits et de Iégumes par rapport a
ceux dont la consommation était au niveau le plus bas. Cette réduction n’a pas été

observée au niveau proximal du c6lon (Koushik et al., 2007).

En prenant compte de ces différentes études on peut supposer que la consommation
de fruits et de légumes serait inversement associée au cancer du célon principalement
au niveau distal ; et que le potentiel protecteur serait effectif chez des individus

adoptant un mode de vie sain.

3.1.4 Consommation de céréales et de grains entiers

Les grains entiers sont une source importante de fibres. Ces derniéres sont associées

a la réduction du cancer par divers mécanismes comme I'augmentation du volume des
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selles, la diminution du temps du transit intestinal et la modification de la flore intestinale
(Bingham, 1990, Lipkin et al., 1999). Ils contiennent également d’autres éléments
possédant un potentiel protecteur comme les vitamines, les acides phénoliques et les
phytoestrogenes (Cotterchio et al., 2006, Webb et al., 2005).

L’effet de fibres alimentaires et d’aliments composés de grains entiers sur l'incidence du

CCR a été évalué.

Dans une méta-analyse réalisée en 2011, des chercheurs ont démontré que pour
chaque 10g/jour de fibres alimentaires et de fibres de céréales ingérés, 10% de
diminution dans le risque de développer un CCR a été observé et 20% de diminution

pour 20g/jour de grains ingérés a été observé (Aune et al., 2011a).

Cette étude prouve que la consommation de grains entiers, de fibres alimentaire et de

céréales est inversement associée au développement de la maladie.

Le tableau suivant résume les effets des différents aliments sur le risque de développer

un CCR et leur niveau de confiance accepté de nos jours.

Tableau 1: Influence de certains aliments sur le développement du cancer colorectal.

Aliments Effets sur le risque du cancer Niveau de confidence des
colorectal preuves

Viande rouge et/ou Augmentation Convaincantes

transformée

Fruits et végétaux Diminution Limitées et suggestives

Grains entiers Diminution Probables

Poissons Diminution Suggestives

Tableau adapté de (WCRF/AICR, 2011)
Différents facteurs sont capables d’influencer la carcinogénése du CCR. Les

informations tirées de la littérature montre que lidentification d’'un aliment ou d’un
élément nutritif et du degré d’influence de ce dernier sur le développement de la
maladie est une tadche ardue et complexe. Cependant, les différentes études
epidémiologiques et cliniques suggérent que I'adoption d’'un mode de vie sain et d’'une
alimentation saine peut certainement réduire la mortalité et la morbidité liée a ce

cancer.




3.2 Microbiote intestinal et CCR

Le tractus gastro-intestinal contient la plus grande quantité de bactéries comparé au
reste du corps humain. Le dénombrement bactérien de la flore intestinale est 10X plus
élevés que celui de toutes les cellules somatiques et germinales (Savage, 1977,
Turnbaugh et al., 2009a) du corps humain. Selon certaines études la flore intestinale
est héritée et considérée comme étant généralement stable. Elle est modulée par
lalimentation et I'exposition a certains médicaments (Azcarate-Peril et al.,, 2011,
Penders et al., 2006). La représentation des embranchements bactériens au niveau du
microbiote intestinal est la suivante : Firmicutes 30.6-83% (Clostridium, Rumonicus,
Eubacterium...), Bacteriodetes 8-48% (Bacteroides), Actinobacteria 0.7-16.7%
(Bifidobacterium, BF) et Proteobacteria 0.1-26.6% (Enterobacteriace) (Serban, 2011,
Tap et al., 2009).

Ce n’est que récemment que le potentiel pro-carcinogene de certaines bactéries
colonisant le colon a été reconnu. Contrairement aux autres types de cancer (estomac,
foie, col de l'utérus) ou un seul agent infectieux est responsable du développement de
la maladie (de Martel et al. 2010), les mécanismes menant au CCR sont le résultat
d’'une grande variété d’espéces bactériennes (Cuevas-Ramos et al., 2010, Kostic et al.,
2013, Wu et al., 2009).

Les analyses réalisées au niveau du microbiote de patients atteints du CCR sur les
sites tumoraux et non-tumoraux ont amené a une modélisation du réle de la flore
intestinale sur le développement de la maladie. Le modéle porte le nom de : « driver-
passenger model ». Ce modeéle suggere que les bactéries « driver » ou « pilotes »
initient le développement du CCR et elles sont ensuite remplacées par les bactéries
« passengers » ou « passageres » qui sont capable de promouvoir le développement
du CCR (Tjalsma, 2012).



3.2.1 Les bactéries « drivers »

Les bactéries pilotes ou encore « driver » : capables de favoriser la carcinogénése en
déclenchant une inflammation, en augmentant la prolifération des cellules de la

muqueuse intestinale ou encore en induisant des dommages a I’ADN (Tjalsma, 2012).

a) Enterococcus faecalis : Les souches different par rapport a leur capacité de
produire des espéces réactives a lI'oxygéne. lls sont capables d’'induire des
dommages a I’ADN et des instabilités au niveau du génome (Sears et al., 2014).
Des études ont démontré leur role en tant que précurseur de la carcinogénéese
du CCR (Wang et al., 2008, Yang et al., 2013b).

Le potentiel oncogéne de certaines souches d’E. faecalis a été démontré. En effet leur
capacité de produire de l'anion superoxide a entrainé l'induction de dommages au

niveau de 'ADN, des colites et des cancers chez les souris 1I™°

tandis que celles ne
produisant pas l'anion n‘ont pas provoqué tous ces dégats dans la muqueuse

intestinale des souris (Wang et al., 2012)

b) Bacteroides fragilis : cette bactérie contient une toxine appelée « B. fragilis
toxin » (BFT). BFT est une toxine dépendante du zinc capable de cliver la
protéine E-cadhérine provoquant ainsi une stimulation de la voie de signalisation
B-catenine/Wnt nucléaire qui va entrainer une augmentation de la prolifération
des cellules des carcinomes de colon et I'expression du pro-oncogéne (Petit et
al., 2013, Soler et al., 1999). Plusieurs études ont démontré les mécanismes
impliqués dans la formation de tumeur intestinale avec la bactérie B. fragilis
comme précurseur. (Goodwin et al., 2011, Tosolini et al., 2011).

Min™* colonisées avec la bactérie B. fragilis

Une étude a rapporté que les souris Apc
développaient des cas sévéres de colite et le nombre de tumeur du colon avait
augmenté comparé aux souris colonisées avec la méme souche de bactérie mais ne

produisant pas la toxine BFT (Wu et al., 2009).

c) Esherichia coli : les souches adhérentes-invasives jouent un réle dans les cas de

CCR associés a la colite. Certaines souches portent le gene « polyketide



synthase » (pks) encodant une génotoxine : la colibactine (Nougayrede et al.,
2006).

Arthur et al. (2012) ont montré que chez les souris II™*°

traités avec de I'azoxyméthane
(AOM) et colonisés avec la souche d’E. coli contenant le géne pks; il y a augmentation

du nombre de tumeurs comparé aux souris du groupe contréle

3.2.2 Les bactéries « passengers »

Les bactéries passageéeres ou « passengers » : qui normalement ne colonisent pas la
flore intestinale d’un individu sain ou s’y retrouvent en faible quantité. L’environnement
tumoral (présence d’inflammation au niveau du célon, développement d’'un adénome ou
d’'un carcinome) favorise la croissance de ces dernieres. Elles sont considérées

comme étant des bactéries opportunistes (Tjalsma, 2012)

a) Streptococcus gallolyticus : Il existe plusieurs observations cliniques qui lient la
présence intestinale de cette bactérie avec le CCR (Abdulamir et al., 2011, Klein
et al., 1977).

Une méta-analyse réalisée en 2012 a révélé que 43% des patients infectés par cette
bactérie présentaient des adénomes au niveau du colon et 18% de ces patients avaient
des carcinomes. Ces valeurs sont significativement plus élevées comparées a la

prévalence retrouvée au niveau de la population générale (Boleijj et al., 2012b).

Des études dans un modéle cellulaire ont démontré que comparativement aux autres
bactéries de la flore intestinale, la prolifération de S. gallolyticus augmente en présence
des métabolites excrétés par les cellules tumorales (Boleij et al., 2012a, Hirayama et
al., 2009).

Se basant sur les difféerentes études réalisées une hypothese a été avancée par les
chercheurs. Elle se résume ainsi : la diminution de la fonction de la barriére épithéliale
dans des tumeurs intestinales favoriserait la croissance de S. gallolyticus. Egalement

ces derniéres joueraient un rdle dans 'augmentation de la croissance tumorale par
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linduction de cytokines pro-inflammatoires (ex: IL-8) ou par I'expression de la
cyclooxygénase-2 (COX-2) (Abdulamir et al., 2010, Boleijj et al., 2013).

b) Fusobacterium spp. : Cette bactérie n’a pas été associée a une caractéristique
particuliere des tumeurs intestinales, mais des études ont démontré qu’elle était
beaucoup plus abondante chez des patients atteints du CCR (Ahn et al., 2013,
Kostic et al., 2012) et elle serait responsable de la progression de la maladie du

stade d’adénome a celui de cancer (Bashir et al., 2015).

Castellarin et al. (2012) ont rapporté qu’il y avait une représentation excessive de ces
bactéries au niveau des cellules tumorales du CCR et ont également confirmé que ces
derniéres étaient envahissantes.

Une recherche menée en 2013, a été en mesure d’identifier la capacité de F. nucleatum
d’accélérer la carcinogénése dans [lintestin gréle et le cdlon chez les souris Apc™™*
(Kostic et al., 2013). Cependant plus d’études sont nécessaires afin de mieux définir le
lien entre les bactéries du microbiote et le CCR et également mieux comprendre les

mécanismes impliqués dans l'induction de la carcinogénése du CCR.

La dysbiose de la flore intestinale est un facteur déterminant en ce qui a trait au
développement du CCR. La modulation du microbiote intestinal par des bactéries Tout
comme certaines espéces bactériennes agissent en tant qu’agent promoteur de la
carcinogénese du CCR (ex: bactéries drivers ou passengers), d’autres peuvent
prévenir ou réduire le risque de développer la maladie. Ces bactéries appelées
probiotiques sont définies comme étant des microorganismes qui consommeés dans des
guantités adéquates ont la capacité de conférer des propriétés bénéfiques pour la santé
de I'hdte. Les espéces bactériennes les plus communément comme probiotique sont
Bifidobacterium et Lactobacillus (Hill et al., 2014).

3.2.3 Les probiotiques

La relation spécifique entre la composition microbienne de l'intestin et le développement

du CCR n’est pas encore parfaitement comprise, cependant I'hnypothése développée
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apres de noubreuses études cliniques est que le microbiote intestinal des patients
atteints du CCR différait de celui des patients sains. En effet les comptes de
Fusobacterium, Proteobacteria, Bacteroides et certaines souches de Clostridium étaient
beaucoup plus élevé et le compte de plusieurs souches de Lactobacillus de étaient plus
bas chez les sujets atteints du CCR par rapport aux sujets sains (Castellarin et al.,
2012, Scanlan et al., 2008, Sobhani et al., 2013, Wong et al., 2006).

La capacité des probiotiques de moduler a composition et la diversité de la flore
intestinale afin de réduire la présence de bactéries associées au développement du
CCR a été démontrée dans de nombreuses études (Zhang et al., 2012b, Zhu et al.,
2012).

Par exemple 'administration de L. grasseri OLL2716: LG21 chez des patients atteints
du CCR a augmenté le compte de Lactobacillus et diminué le compte de Clostridium
perfigens (Ohara et al., 2010) et aussi I'administration combinée de Lactobacillus
rhamnosus LC705 et de Propionibacterium freudenreichii ssp. shermanii JS a
augmenté de maniéere significative le compte de lactobacilles et de Propionibacteria spp
dans les feces (Hatakka et al., 2008).

3.3 Alimentation et microbiote intestinal

L’alimentation influence grandement la composition et la diversité de la flore intestinale.
Les composants alimentaires qui ne sont pas digérés dans le systeme digestifs servent
de substrat pour le métabolisme des bactéries du microbiote intestinal (Graf et al.,
2015). Les changements alimentaires sont capables de provoquer un décalage
brusque au niveau de la diversité et de la composition du microbiote intestinal. La flore
intestinale d’un individu sain est composé principalement de bactéries anaérobies
strictes de deux phyla differents: Firmicutes et Bacteriodetes , en plus des

Actinobacteria, Proteobacteria et Verrucomicrobia (Eckburg et al., 2005).

De nombreuses études ont observé des modifications dans le microbiote intestinal
apres un changement au niveau de la diete (Hildebrandt et al., 2009, Turnbaugh et al.,
2009Db).
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De nombreuses études ont évalué l'effet de divers aliments et d’éléments nutritifs sur la

composition et la diversité de la flore intestinale.

3.3.1 Viande rouge et flore intestinalel

L’origine et la quantité de gras de la viande rouge peuvent occasionner un changement
au niveau de la composition de la flore intestinale qui favoriserait peut-étre le
développement du CCR (Hildebrandt et al., 2009). Une équipe de chercheur a rapporté
gue la consommation de la viande rouge favorisait la croissance des bactéries comme
Desulfovibrio, Desulfobacter, et Desulfobulbus (Attene-Ramos et al.,, 2007). Le
principal métabolite produit par ces bactéries est le sulfure d’hydrogéne (H.S), ce
dernier est considéré comme un produit extrémement dangereux pour la muqueuse
intestinale de par sa capacité génotoxique et inflammatoire. Il est capable de causer
spécifiquement des dommages a I’ADN par la production de radicaux libres. L’effet de
trois types de viandes (bceuf, poisson et poulet) cuits de deux fagons différentes (frit et
bouillit) sur la composition du microbiote a été évalué. Il a été démontré que la cuisson
influencait la croissance de Clostridium spp, la concentration est plus élevée dans les
viandes frites comparées a celles qui ont été bouillies. Aussi la concentration de
Bifidobacterium spp, le groupe de bactéroides et aussi le groupe
Coriobacterium/Atopobium varient selon le type de viande. Ces résultats suggerent que
la méthode de cuisson et le type de viande peuvent influencer la flore intestinale (Shen
et al., 2010a).

3.3.2 -Grains entiers et flore intestinale

Les grains entiers sont capable de jouer un role important dans le maintien d’une flore
intestinale en santé et aussi dans 'augmentation de la diversité bactérienne de cette
derniere (Martinez et al., 2013). Il existe plusieurs études qui ont suggéré que la
consommation de produits a base de grains entiers favoriserait la croissance de
Bifidobacterium spp par exemple une étude a démontré que la consommation de
céréales a base de son de blé entier (GE) pour le petit déjeuner a significativement
augmenté le nombre de Bifidobacterium spp. et de Lactobacillus/Enterococcus par

rapport aux sujets ayant consommé des céréales a base de son de blé raffinés (GR)
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(Costabile et al., 2008). Car contrairement aux grains qui ont été raffinés, les grains
entiers sont beaucoup plus riches en substances possédant des propriétés chimio
préventifs comme les fibres, les composés antioxydants, les composés phytochimiques
(Song et al., 2015)

Une autre étude a montré que la consommation de céréales enrichies de mais apres 3
semaines avait augmenté le nombre de bifidobactéries dans les féeces des volontaires
(Carvalho-Wells et al., 2010).

Les produits composés de grains entiers sont également capables de réduire la

fermentation protéique au niveau de l'intestin (Ross et al., 2013).

3.3.3 Fruits, Iégumes et flore intestinale

Plusieurs études ont démontré l'influence de la consommation des fruits et des Iégumes

sur la composition de la flore intestinale.

Cet effet bénéfique serait di a la présence de polyphénols et de fibres. Seulement 10%
des polyphénols sont absorbés dans lintestin gréle, et les 90% restant se retrouvent
dans le cb6lon. Les bactéries de la flore intestinale sont capables de convertir les
polyphénols en composés bioactifs capables de moduler la population du microbiote

intestinal et ainsi affecter la santé de I'h6te (Bosscher et al., 2009, Hollman et al., 1999).

Des études ont démontré que certaines doses de polyphénols pouvaient modifier la
composition du microbiote en inhibant la croissance de certaines souches bactériennes
néfastes comme Clostridium perfringens, Clostridium difficile, Bacteroides tout en
favorisant la croissance d’autres microorganismes bénéfiques comme Bifidobacterium
spp, Lactobacillus rhamnosus, L. reuteri et L. acidophilus (Dolara et al., 2005, Lee et al.,
2006a, Molan et al., 2009, Pozuelo et al., 2012, Yamakoshi et al., 2001).

Il a été démontré que les légumes cruciferes comme le brocoli et le chou-fleur avaient la
capacité d’altérer la flore intestinale. La consommation des végétaux cruciferes a
favorisé la  croissance des Dbactéries  suivantes  Eubacterium hallii,
Phascolarctobacterium faecium, Alistipes putredinis, et Eggerthella spp (Li et al.,

2009a). La consommation de jus de bleuet augmentait la quantité de Bifidobacterium
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spp dans les selles des volontaires comparés a ceux ayant bu le placebo (Vendrame et
al., 2011).

Bien que de nombreuses études soulignent I'effet bénéfique des composés phénoliques
sur la flore intestinale, il existe quand méme des limitations avec les résultats obtenus.
Plus d’expérience sont nécessaires notamment au niveau clinique afin de mieux
comprendre .I'effet spécifique des phénols au niveau de la flore intestinale, également
les interactions des métabolites des phénols et des composés produits par certaines

bactéries présentes au niveau du microbiome.
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4 PREUVES DE PREVENTION DE CANCER A PARTIR DE PETITS
FRUITS, HERBES MEDICINALES ET PROBIOTIQUES

A. LES PROBIOTIQUES

Les bactéries probiotiques sont définies comme étant des micro-organismes vivants qui
peuvent conférer des effets bénéfiques a l'organisme dit « héte » lorsqu’ils sont
administrés en quantité adéquates (Gobbetti et al., 2010, Sanders et al., 2010). Les
effets bénéfiques sont spécifiques a la souche non a I'espéce. Les probiotiques sont
consommés habituellement sous forme de produits fermentés ou encore de
suppléments de bactéries déshydratées. Les propriétés de ces bactéries sont utiles
pour assister le systéme gastro-intestinal par le maintien d’'un pH optimal, la stimulation
du systéme immunitaire, en aidant pour une meilleure digestion etc... (Watson et al.,
2015).

a) Preuves in vitro de I’effet antinéoplasique de probiotiques

Tiptiri-Kourpeti et al. (2016) ont démontré que la souche de Lactobacillus casei ATCC
393 pouvait inhiber la prolifération des cellules murines (CT26) et humaines (HT29) de
CCR .Une diminution de la viabilité de ces cellules a été observée lorsqu’elles ont été
incubées pendant une journée a une concentration de 10°UFC/ml de L.casei vivantes.
La réduction a été de 78% pour les cellules de HT29 et 52% pour CT26.

Orlando et al. (2016) a démontré que la présence de Lactobacillus rhamnosus GG
provoque une inhibition de la prolifération, I'induction de I'apoptose et I'arrét du cycle

cellulaire au niveau des cellules Caco-2, HT-29 and SW480.

Kahouli et al. (2016) ont démontré que deux extraits provenant de L.reuteri NCIMB
701359 (le surnageant et le milieu conditionné€) avaient la capacité de d’inhiber la

prolifération et d’induire 'apoptose au niveau des cellules SW-480.
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b) Preuves in vivo de l’effet antinéoplasique de probiotiques

Kuugbee et al. (2016) ont démontré que la consommation d’'un cocktail de probiotiques
compose d’oligofructose-maltodextrine enrichie de Lactobacillus
acidophilus, Bifidobacteria bifidum et Bifidobacteria infantum était capable de moduler le
microbiote de la flore intestinale et aussi de réduire le développement du cancer

colorectal en diminuant I'incidence, la multiplicité, le compte et le volume de tumeurs.

La souche de Lactobacillus plantarum LS/07 consommé par des rats chez qui le CCR a
eté préalablement induit a augmenté l'induction des enzymes p-galactosidose et -

glucosidase et diminuait I'activité de la B-glucuronidase (Hijova et al., 2016)

La consommation de Lactobacillus rhamnosus GG CGMCC 1.2134 peut réduire
significativement le compte, la multiplicité et I'incidence des tumeurs. La consommation
de cette souche de probiotique est capable de réduire également I'expression de la 3-
caténine, des protéines inflammatoires et des protéines anti-apoptotiques mais

d’augmenter I'expression des protéines pro-apoptotiques (Gamallat et al., 2016).

Shin et al. (2016) ont démontré que les souches de Lactobacillus plantarum BF-LP284
tuées par la chaleur ont la capacité de diminuer la taille des tumeurs chez des souris
BALB/c.

c) Preuves cliniques de I'effet antinéoplasique de probiotiques

Une étude clinique réalisée par Yang et al. (2016) a démontré que I'administration de
probiotigues a des patients atteints de CCR sur le point de subir une opération de

résection peut influencer la récupération de la fonction intestinale.

Gianotti et al. (2010) ont démontré que I'administration préopératoire de L. johnsonii
(Lal) était beaucoup plus efficace que celle de B. longum (BB536). En effet la premiere
souche est capable d’adhérer au niveau de la muqueuse intestinale et ainsi moduler la
flore intestinale en diminuant la concentration de bactérie pathogéne et aussi en

atténuant 'immunité locale.
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B. PETITS FRUITS ET SES COMPOSES BIOACTIFS

Les petits fruits sont considérés internationalement comme aliments dit « fonctionnels »
de par leur richesse en composés bioactifs : vitamines, fibres, minéraux et composés
phénoligues. Les composés phénoliques sont des métabolites secondaires produits
par les plantes. Les principales classes de composés phénoliques retrouvés au niveau
des petits fruits sont : les anthocyanes (malvidine, cyanidine, delphinidine), les acides
phénoliques (acide gallique, acide caféique), stillbenoides (reservatrol), les flavonols et
les flavanols (Nile et al., 2014, Szajdek et al., 2008). La quantité de composés
phénoligues dans les fruits est déterminée par la région, la méthode de culture, les
conditions météorologiques, le temps de récolte, le temps et les conditions de stockage
(Zhang et al., 2008b). Dans les derniéres années les polyphénols ont été soumis a des
recherches intensives a cause de leur effet potentiellement bénéfique pour la santé en
ce qui a trait a réduction de I'incidence de certains cancers, et des maladies cardio-
vasculaires (Paredes-Lopez et al., 2010b). Leurs effets bénéfiques ont principalement

éteé attribués a leur capacité antioxydante (Seeram, 2008)

1. Preuves in vitro de I’effet antinéoplasique de petits fruits et de leurs

composés bioactifs

Lopez de las Hazas et al. (2016) ont réalisé une étude qui a prouvé que des extraits de
raisins et de framboises riches en anthocyanes et leurs métabolites possédent un effet

apoptotique sur les cellules HT-29.

Une étude menée par Kondo et al. (2011) a prouvé qu’une fraction riche en acide
ursolique provenant de canneberges avait la capacité d’inhiber la croissance des

cellules DU145 (cellules de cancer de la prostate).

Un extrait de myrtilles riches en anthocyanes a réduit de fagon significative le niveau
d’especes réactives de l'oxygéne dans les cellules HT-29 (250ug/ml pendant 24
heures), et dans les cellules Caco-2 (50ug/ml pendant 1 heure).
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2. Preuves in vivo de Peffet antinéoplasique des petits fruits et de leurs

composés bioactifs

Il a été démontré que la consommation d’une boisson faite de prune diminuait le
nombre de foyer de cryptes aberrantes de 48% chez des rats préalablement traités
avec 'AOM, et réduisait également la prolifération de cellules mucosales de 24%
(Banerjee et al., 2016).

La consommation d’extrait de myrtilles riche en anthocyanes (concentré a 10%),chez
des souris Balb/c préalablement induites au CCR par injection de AOM (concentration
de 3%) et de DSS (concentration de 5%), a significativement réduit le nombre de

tumeurs (Lippert et al., 2017).

3. Preuves cliniques de l'effet antinéoplasique des petits fruits et de
leurs composés bioactifs
Une étude réalisée par Wang et al. (2010) a prouvé que la consommation de
framboises noires peut induire la déméthylation des genes suppresseurs de tumeurs et

de moduler d’autres biomarqueurs liés au développement du CCR.

Dans une autre étude, il a été observé que des framboises noires lyophilisées
consommeées durant plus de 10 jours par des patients atteints de CCR ont augmenté la
concentration de facteur de stimulation des colonies de granulocytes et de
macrophages (GM-CSF) et diminué celles des interleukine-8 (Mentor-Marcel et al.,
2012).

C. L’HIBISCUS SABDARIFFA

L’hibiscus sabdariffa est une fleur considérée comme étant un aliment populaire et une
plante médicinale dans certaines régions comme I'Afrique de I'Est, le Sud de I'Asie et le
Mexique (McKay et al., 2010b). Commercialement on la retrouve sous forme de tisane,

de confiture ou encore de jus. Dans la médecine traditionelle, elle est utilisée pour la
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prévention de maladie cardio vasculaire, de I'hypertension ou encore de I'hépatite
(Salah et al., 2002). Les composés phénoliques présents en grande quantité au niveau

de cette plante sont les anthocyanes et I'acide ascorbique (Jung et al., 2013).

a) Preuves in vitro de [leffet antinéoplasique de [I’hibiscus

sabdariffa et de ses composés bioactifs.

Wu et al. (2016) ont démontré que les anthocyanines de l'hibiscus sabdariffa I.

induisaient une nécrose et une autophagie chez les cellules du cancer du sein MCF-7.

Une étude a démontré qu’'un extrait d’hibiscus sabdariffa est capable d’induire

I'apoptose chez des cellules du cancer gastrique. (Lin et al., 2007)

b) Preuves in vivo de [leffet antinéoplasique de I’hibiscus

sabdariffa et de ses composés biologiques

Sunkara et al. (2015) ont démontré que I'administration d’hibiscus sabadarifa sous
forme de jus et d’aliments a réduit I'incidence, la multiplicité et la taille des tumeurs chez

les rats comparés au controle.

Toutefois, a ce jour il n'y a pas d’études cliniques démontrant I'activité néoplasique de

cette plante.

5 QUELQUES MECANISMES IMPLIQUES DANS LA PREVENTION DU
CCR

L’'une des stratégies les plus prometteuses dans la lutte contre le cancer est la
chimioprévention. Elle consiste en l'inhibition ou encore le ralentissement du processus
de la carcinogénése par I'utilisation de substances pharmacologiques ou nutritionnelles
(Hawk et al., 2005, Surh, 2003). Les interventions chimiopréventives peuvent étre
appliquer durant les deux premiéres étapes de la carcinogénése; dés I'apparition des
défauts moléculaires  jusqu’a laccumulation  d’aberrations  moléculaires,

d’histopathologies et cellulaires qui caractérisent la maladie (Surh, 2003).
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Les substances chimiopréventives sont divisées en trois catégories dépendamment de
la maniere qu’elles ont de diminuer ou de protéger la vulnérabilité des tissus par rapport

a la carcinogéneése :

> Les inhibiteurs de la formation de substances carcinogenes
> Les agents bloquants (anti-initiation)
> Les agents de suppression (anti-prolifération/anti-progression)

En tenant compte du lien existant entre le développement du CCR, I'alimentation et la
flore intestinale, de nombreuses études épidémiologiques et cliniques ont démontré
'effet antinéoplasique de bactéries probiotiques et/ou de leurs composantes et
également de composés phénoliques présents au niveau des petits fruits ou des
plantes. La modulation des enzymes de phases Il, I'inhibition de la prolifération des
cellules cancéreuses, la réduction et/ou inhibition de la formation de cryptes aberrantes,
l'altération de l'activité enzymatique de la flore intestinale et la capacité antioxydante
représentent quelque uns des mécanismes par lesquels les éléments mentionnés ci-

dessus exercent leur effet antinéoplasiques.

5.1 Lamodulation des enzymes de phase Ii

Les enzymes de phase Il encore appelées enzymes détoxifiantes ont la capacité de
transformer les substances carcinogénes en métabolites moins toxiques ou encore
inactives. Dans cette catégories d’enzymes on retrouve : glutathionne-S-transférase
(GST), UDP glucuronyltransferase (UDPGT) et NAD(P)H quinone réductase (ou

guinone réductase) (Sheweita et al., 2003).

Les petits fruits (plus précisément les composés phénoliqgues formant leur profil
phytochimique) ainsi que les bactéries probiotiques (et leurs différentes composantes)
ont la capacité de moduler l'activité des enzymes détoxifiantes A titre d’exemple
Umesalma et al. (2014) ont démontré que I'administration d’acide ellagique, un phénol
retrouvé a de trés grandes concentrations dans les petits fruits comme la fraise, la

canneberge, la framboise et les raisins, chez des rats Winstar males souffrant du CCR
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augmentait I'activité spécifiqgue d’enzymes de phase Il comme la GST, TUDPGT et la
DTD.

5.2  L’inhibition de la prolifération des cellules cancéreuses

Un des faits saillants qui se produit lors de la carcinogénése est I'habilité qu’acquiert les
cellules de proliférer indéfiniment (Evan et al., 2001). Inhiber cette premiere étape
représente une excellente stratégie pour la chimioprévention. Par exemple la delphidine
et la malvidine, isolées d’un extrait de bleuets riche en anthocyanines ont démontré leur
habilité a inhiber la prolifération de deux lignées de cellules cancéreuses du colon
(DLD-1 et COLO205) par induction de I'apoptose (Zu et al., 2010)

Tiptiri-Kourpeti et al. (2016) ont démontré que la souche de Lactobacillus casei ATCC
33 & une concentration de 10°UFC/ml a inhibé & 78% la prolifération des cellules HT-

29, une lignée cellulaire modele de CCR, aprés une incubation de 24 heures.

5.3 La réduction et/ou l'inhibition de la formation des foyers de

cryptes aberrantes

Les cryptes aberrantes (CA) sont considérées comme étant des Iésions précurseures
du CCR et sont utilisées comme biomarqueur. Elles sont caractérisées par des
épithélia plus épais et large montrant des ouvertures luminales altérées comparées aux
cryptes normales (Gupta et al., 2007). De nombreuses études cliniques ont prouvé que
les patients atteints de CCR présentaient un nombre plus élevé de CA comparés ceux
n‘ayant pas de cancer (Commane et al., 2005). da Silva Almeida et al. (2015) ont
démontré que l'administration de Lactobacillus casei CRL 1014 (10°UFC/ml) réduit
significativement la formation de foyers de cryptes aberrantes (FCA) chez les rats
males Winstar aprés 5 mois d’injection de DMH. L’effet d’'un extrait de raisin riche en
anthocyanines sur les biomarqueurs du cancer colorectal a été étudié. Les chercheurs
ont démontré la capacité de ce dernier de diminuer efficacement la formation de FCA
induite par injection d’azoxyméthane chez des rats méles Fisher 344 (Lala et al., 2006).
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Boateng et al. (2007) ont démontré que I'administration de jus de canneberges (d’'une
concentration de 20%) chez des rats souffrant du CCR a réduit de 77% des FCA

comparé au contréle.

5.4 L’altération de I’activité enzymatique de la flore intestinale

Il existe un grand nombre d’enzymes que l'on retrouve principalement dans les
suspensions fécales qui peuvent générer des métabolites carcinogenes au niveau de
l'intestin. Ces enzymes sont la B-glucuronidase, la B-glucosidase, I'azoréductase et
l'uréase. Certaines souches de probiotiques ou encore de produits a base de
probiotique sont capables de moduler 'activité de ces enzymes. Une étude menée par
Kim et al. (2008) a démontré que la bactérie Bifidobacterium. adolescentis SPM0212
inhibait l'activit¢ d’enzymes fécales telle que la pB-glucosidase, B-glucuronidase
lorsqu’elle est ingérée quotidiennement par des rats pendant trois semaines. Des
études ont également démontré la capacité des composés phénoliques de réduire et/ou
d’inhiber l'activité de ces enzymes : Venkatachalam et al. (2016) ont montré que I'acide
rosmarinique réduisait significativement [lactivit¢ de la p-glucosidase, la pB-
glucuronidase, B-galactosidase, mucinase, nitroreductase et la sulphatase comparé au

contréble positif.

5.5 Lacapacité antioxydante

Le stress oxydatif se produit lorsque la production d’espéces réactives a I'oxygéne
(ROS) est excessive. La cellule se retrouve ainsi dans l'incapacité de les métaboliser
ce qui provoque I'accumulation de hauts niveaux de ROS. Une concentration élevée de
ROS au niveau de la cellule est associée a divers types de dommages au niveau du
matériel génétique comme : les modifications des bases et brisure des brins d’ADN, le
réarrangement des chromosomes, I'hyper ou I'hypoméythylation de 'ADN (Lim et al.,
2008, Valko et al., 2007, Valko et al., 2006).

Une souche de Bifidobacterium longum ATCC 15708 et de Lactobacillus acidophilus

ATCC 4536 ont affiché une activité antioxydante en inhibant la peroxydation de I'acide

23



linoléique par 28% et 48% respectivement et également en démontrant leur habileté a
piéger un radical libre par 21%-52% respectivement (Baffoni et al., 2012). Rodriguez-
Ramiro et al. (2011) ont démontré gqu’'un extrait de polyphénols de cacao et les
proacyanidines B2 présent dans le cacao pouvait protéger les cellules en contrecarrant
plusieurs types de radicaux libres et également en régulant a la hausse plusieurs
défenses antioxydants. Mensah et al. (2015) ont démontré qu’un extrait hydro-
éthanolique de calices d’Hibiscus sabdariffa possédait un potentiel antioxydant
important. Une fraction riche en flavonols extraite de produit dérivé de la canneberge
présente un plus forte activité antioxydante que les fractions riche en acide phénoliques

et en monomeres de flavan-3-ol (Rupasinghe et al., 2016).
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6 HYPOTHESES

Les produits ayant retenu l'attention dans ce projet sont les petits fruits (comme les
canneberges), les plantes médicinales (Fleur de Jamaique) et un lait fermenté produit

par 3 souches de lactobacilles (Bio-K+"P).

Les hypotheses suivantes ont été énonceées:

1. Les bactéries probiotiques Lactobacillus acidophilus CL1285™P L. casei
LBC8ORMP et L. rhamnosus CLR2P présentes dans le lait fermenté Bio-K+"P et

leurs composants membranaires réduisent le développement des foyers de

cryptes aberrantes et inhibent la croissance des cellules cancéreuses

respectivement.

2. La combinaison des composants membranaires extraits des bactéries L.
acidophilus CL1285™P, L. casei LBC8ORMP et L. rhamnosus CLR2YP avec les
composeés phénoliques issus des petits fruits et de plantes médicinales agissent

en synergie afin d’inhiber la croissance des cellules cancéreuses et d’induire

’'activité d’'une enzyme détoxifiante du foie.
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7 OBJECTIFS

a)

b)

d)

Evaluer I'effet des composants membranaires extraits des bactéries probiotiques
présentes dans le lait fermente Bio-K+""° et des composés phénoliques extraits
de concentré de jus de canneberges et de calices d’Hibiscus sabdariffa L. sur :

e La prolifération des cellules cancéreuses.

e L’induction de I'activité de la quinone réductase.
Déterminer I'effet synergique de la combinaison des composants membranaires
et des composés phénoliques sur:

e La prolifération des cellules cancéreuses.

e L’induction de la quinone réductase
Déterminer I'effet dose-réponse du lait fermenté de Bio-K+"° dans la réduction
des lésions précancéreuses (foyers de cryptes aberrantes) et [lactivité
d’enzymes impliquées dans le CCR telles que les enzymes détoxifiantes du foie
(QR et GST) et les enzymes fécales (B-glucosidase et B-glucuronidase).
Déterminer I'effet de différentes fractions du lait fermenté de Bio-K+"° et des
composantes membranaires extraites des bactéries probiotiques dans ce lait
fermenté dans la réduction des lésions précancéreuses (foyers de cryptes
aberrantes) et l'activit¢ d’enzymes impliquées dans le CCR tels que les
enzymes détoxifiantes du foie (QR et GST) et les enzymes fécales (B-

glucosidase et B-glucuronidase).
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8 METHODOLOGIE

Les expériences ont été réalisées en utilisant deux types de modéles : un modele

cellulaire et un modeéle animal.

Modele cellulaire : Dans un premier temps les composés phénoliques des calices
d’Hibiscus sabdariffa L. ont été extraits en utilisant les méthodes utilisées par Seeram et
al. (2004), Neto et al. (2006) et (Wu et al., 2005) et le jus de canneberges concentré a
été fractionné par CLHP selon la méthode de Caillet et al. (2012b) puis des composés
membranaires de bactéries probiotiques ont été extraits d’'une biomasse contenant les
bactéries L. acidophilus CL1285™P, L. casei LBC80OR™P et L. rhamnosus CLR2"P
utilisant les méthodes de Kim et al. (2002) et (Signoretto et al., 1998). Ensuite les effets
chimio préventifs (effet antiprolifératif, modulation de I'activité d’'une enzyme détoxifiante
du foie et effet antioxydant) des fractions de canneberges obtenues par CLHP, des

extraits d’Hibiscus sabdariffa L. et des composants membranaires ont été déterminés.

Modele animal La méthode utilisée est la suivante : le CCR a été induit chez des rats
males par injections d’une substance carcinogéne (DMH) durant une période de 6
semaines. Ces derniers ont di étre gavés avec soit différentes concentrations du lait
fermenté ou de différentes fractions de ce dernier dépendamment de I'expérience
durant 12 semaines. La figure suivante représente la modélisation graphique de la

procédure expérimentale.
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Injection de DMH ou d’eau salée pour 6 semaines

P

0 1 2 3 4 5 6 p 8 9 10 11 12 semaine

Acclimatation
(1 semaine)

Diéte Riche en Gras Faible en Fibres

q@ 1 2 3 4 5 6 7

Figure 1 : Modele expérimental pour I’expérience in vivo.

Selon l'ordre de I”expérience (1% ou 2°™) : les groupes ont été réparti de la maniére

suivante :

a)

b)

pere expérience : 1 : contrble négatif (eau saline seule), 2 : contrdle positif (DMH
seul), 3: DMH + 2 ml de lait fermenté, 4 : DMH + 1.5 ml de lait fermenté, 5:
DMH + 1 ml de lait fermenté, 6 : DMH + 0.5 ml de lait fermenté, 7 : DMH + 0.25
ml de lait fermenté. L’administration des différentes doses se fait chaque jour.

ptme expérience : 1 : contrble négatif (eau saline seule), 2 : contrble probiotique
(lait fermenté seul), 3 : contréle positif (DMH seul), 4 : DMH + lait fermenté, 5 :
DMH + surnageant du lait fermenté, 6 : DMH + culot du lait fermenté, 7 : DMH +
composants membranaires de L. acidophilus CL1285"P, L. casei LBC80RMP et L.

2MD..

rhamnosus CLR Le volume de chaque administration est de 2ml et est

journaliere.
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9. ARTICLE 1: THE SYNERGISTIC EFFECT OF CELL WALL
EXTRACTED FROM PROBIOTIC BIOMASS CONTAINING
LACTOBACILLUS ACIDOPHILUS CL1285, L. CASEl
LBCB8OR AND L. RHAMNOSUS CLR2 ON ANTICANCER
ACTIVITY OF CRANBERRY JUICE - HPLC FRACTIONS

Kerlynn Desrouilléres’, Mathieu Millette?, Behnoush Maherani', Maijid
Jamshidian®, Monique Lacroix *’

Effets synergiques des composantes membranaires extraites
d’'une biomasse de bactéries probiotiques contenant
Lactobacillus acidophilus CL1285, L. casei LBC8OR et L.
rhamnosus CLR2 sur les activités antinéoplasiques des
fractions de concentré de jus de canneberges obtenues par
CLHP

Soumis au Journal of Functional Foods le 20 janvier 2015, cet article a été
refusé. En tenant compte des commentaires de I'éditeur du journal, des
corrections ont été apportées et l'article a été soumis au Journal of Nutrition and
Cancer le 27 octobre 2015. Ce journal a également rejeté l'article, aprés avoir

réalisé les corrections, il sera soumis a un autre journal.

Contribution des auteurs :

Jai réalisé les expériences, rédigé larticle et participé a I'élaboration des

protocoles. Dr. Millette m’a supervisé tout au long des expériences, corrigé

29



l'article et participé aux discussions concernant le projet. Dr. Behnoush et Dr.
Jamshidian ont participé a la correction de [larticle. Dr. Lacroix est la
responsable du projet, a participé a toutes les prises de décisions, aux

discussions concernant le projet et aux corrections de l'article.
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Résumé :

Les effets antinéoplasiques de fractions de polyphénols obtenues par une
séparation chromatographique (CLHP) d’un jus de canneberges concentré et de
composantes membranaires extraites d’'une biomasse contenant trois souches
de lactobacilles (Lactobacillus acidophilus CL1285, L. casei LBC80OR et L.
rhamnosus CLR2) ont été évalués. Trois fractions ont été obtenues a partir du
jus. Les échantillons ont été testés a différentes concentrations pour vérifier leur
capacité antiproliférative et leur habilité dinduire l'activit¢ de la quinone
réductase (QR). Pour le test antiprolifératif les cellules utilisées sont les HT-29 et
pour la QR les cellules utilisées sont les cellules de 'hépatome murin Hepa
1clc7. Seule la fraction 1 (F1) contenant principalement des acides phénoliques
at été en mesure d’inhiber la prolifération des cellules cancéreuses avec une
concentration inhibitrice (Clsp) variant de 11.00 ug EAG/ml. 1l a été démontré
seule F3 possédait le potentiel d’'induire l'activité de la QR. Les résultats ont
€galement démontré que, combinées aux extraits de composantes
membranaires, toutes les fractions de canneberges ont un potentiel inhibiteur
plus élevé que lorsqu’ils ont été testés seuls, ceci indiquerait un possible effet de

synergie entre les deux composeés.

Mots clés : jus de canneberge, prolifération, cancer du célon, fractionnement par
CHPL, induction de QR, composant membranaire de probiotique
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The synergistic effect of cell wall extracted from probiotic biomass
containing Lactobacillus acidophilus CL1285, L. casei LBC80R and L.
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ABSTRACT

Anticancer effects were evaluated on HPLC fractions obtained from a cranberry
concentrated juice and cell wall constituents extracted from a probiotic biomass
containing Lactobacillus acidophilus CL1285, L. casei LBC80OR and L.
rhamnosus CLR2. Three fractions were obtained from the cranberry
concentrated juice. The samples were tested at increasing concentrations for the
anti-proliferative assay using HT-29 cells line and for the quinone reductase (QR)
assay using Hepa 1clc7 murine hepatoma cells. Only fraction 1 (F1) which is
highly concentrated with phenolic acids was able to inhibit the growth of the HT-
29 cells line with ICso values of 11.00 pug Gallic acid equivalent (GAE)/ml. It was
also observed that only fraction F3 witch is highly concentrated in flavonols had
potency as QR inducer. Furthermore, the results showed that all cranberry
fractions combined with cell wall constituents extracted from the probiotic
biomass were more effective at inhibiting the growth of HT-29 as compared to
the cranberry fractions tested alone which indicating a possible synergy effect
between these bio-functional compounds.

Keywords: cranberry juice, cell proliferation, colon cancer, HPLC fractionation,
QR induction, probiotic cell wall, Lactobacillus acidophilus CL1285, Lactobacillus

casei LBC80OR and Lactobacillus rhamnosus CLR2
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9.1 INTRODUCTION

Colorectal cancer (CRC) is the third most predominant cancer in both men and
women (Haggar et al., 2009). CRC is strongly related to dietary habits, many
epidemiological and clinical studies attributes its high incidence to obesity, diet
low in fruits, vegetables and whole grains but rich in fat, red and processed meat
(Rasool et al., 2013, Siegel et al., 2014). Besides the diet, there’s also a link
between CRC and the intestinal microbiota (Hope et al., 2005, Rowland, 2009).
Some studies reported a difference between the microbiome of healthy subjects
and patients with colon cancer (Shen et al., 2010b, Sobhani et al., 2011) while
others showed that the presence of some commensal bacteria in the gut could
led to inflammation which can subsequently generate colonic cancer cells (Petit
et al., 2013, Yang et al., 2013a). Taking into account those information, an
emphasis have been made on using dietary agents like berries or probiotics to

prevent mutagenesis and carcinogenesis of CRC.

Cranberry belongs to the genus Vaccinium, fam. Ericaceae and are commonly
consumed as part of a Western diet in fresh or processed form (Brown et al.,
2012, Stoner et al.,, 2008). They are known for their beneficial health effects
towards bacterial infection involving the urinary tract disorders, dental decay, as
well as stomach ulcers and chronic disease like cancer and diabetes (Heinonen,
2007, Howell et al., 2010, Zhang et al., 2005). Those biological activities are
mainly due to the presence of various phenolic compounds, including
anthocyanins, flavonols, flavanols, phenolic acids and proanthocyanidins
(Paredes-Lopez et al., 2010a, Seeram, 2008). Several in vitro studies have
shown the anticancer effects of berries/and or berries extracts by strongly
inhibiting cellular growth, inducing apoptosis, or enzyme metabolism (Bomser et
al., 1996, Flis et al., 2012, Seeram et al., 2006).

Probiotics are defined as live microorganisms which when consumed in
adequate number exert beneficial effects in the host (Hill et al., 2014). There is a
numerous health benefits that have been attributed to probiotics such as

protection against gastrointestinal pathogens, modulation of the immune system,
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reduction of high level of cholesterol and blood pressure and anticarcinogenic

capacity (D'Aimmo et al., 2007, Malago et al., 2011).

Their inhibitory effects against several colon cancer cell lines growth have been
demonstrated in many studies (Choi et al., 2006, Saikali et al., 2004). Besides
the whole bacterial structure, others bioactive components commonly found onto
the probiotics such as cell walls (or it's different components peptidoglycan,
lipoteichoic acids), proteins or secreted by them such as exopolysaccharides,
bacteriocins, organic acids, responsible for their health effects and other less
soluble factors (Saad et al., 2013). Among all the mechanism involved in the
chemopreventive strategy, xenobiotic-detoxification is considered one of the
major mechanisms. The enzymes responsible of the detoxification are phase II-
xenobiotic enzyme such as glutathione-S-transferase (GST), uridine
diphosphate-glucuronosyl transferase (UGT) and quinone reductase (QR) (Hong
et al., 1997, Talalay, 2000). QR catalyses the reduction of two electrons of toxic
oxygen metabolites which lead to the deactivation of these reactive metabolites
that could protect the exposed tissue from oxidative stress (Chen et al., 2004). It
also have the ability to reduce oxidative stress (Kang et al., 2004a). This enzyme
is as key member of a panel of in vitro assays to evaluate chemopreventive
properties of diverse biomolecules/bioactive components/chemical substances
(Su et al., 2004)

Thus the aims of this study were to evaluate: 1) the effect of fractions from a
cranberry concentrated juice and cell walls extracted from a probiotic biomass on
the in vitro antiproliferative properties against one colon cancer cell line, 2) their
ability to induce the phase Il detoxifying enzymes QR and 3) the effect of the
combination of cranberry fractions with the probiotic cells walls on the growth of

colon cancer cells and the ability of liver cells to induce QR activity.
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9.2 MATERIALS AND METHODS

9.21 Chemical reagents

Dimethylsulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), Folin-Ciocalteu, menadione, glucose 6-phosphate, glucose 6-
phosphate dehydrogenase, ethylenediaminetetraacetic acid (EDTA), flavin
adenine dinucleotide (FAD), digitonin, bovine serum albumin (BSA), B-
naphtoflavone (BNF), sodium dodecyl sulphate (SDS) and Tween 20, were
purchased from Sigma-Aldrich Canada Ltd. (Oakville, ON, Canada). Cancer cell
culture media (DMEM-Ham’s F12 and MEMEBSS), foetal bovine serum (FBS)
and other supplements were obtained from Fisher Scientific Limited (Ottawa, ON,

Canada).
9.2.2 Raw materials

The cranberry concentrate juice (50°Brix) was graciously provided by Atoka
Cranberries Inc. (Manseau, QC, Canada) and the probiotic biomass by Bio-K

Plus International Inc. (Laval, QC, Canada).

9.2.3 HPLC-DAD fractionation of concentrated
cranberry juice and total phenol determination.

a) Fractionation of concentrated juice

The HPLC analyses were performed on a ProStar 230 from Varian Canada Inc.
(Mississauga, ON, Canada), equipped with a ternary pump delivery system, a
Rheodyne injection valve and a ProStar 330 diode-array UV-Vis detector from
Varian Canada Inc. integration and data elaboration was performed using Star
Chromatography Workstation software. A Zorbax SB-C18, 5 uym, 9.4x250 mm
column from Agilent Technologies Canada Inc. (Mississauga, ON, Canada) was
used. All solvents were filtered with a 0.20 ym Whatman paper from Millipore
Canada Ltd. (Etobicoke, ON, Canada). An elution gradient was carried out using

the following solvent system: mobile phase A, MilliQ water/formic acid (97/3, v/v);
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mobile phase B methanol only (100 v/v). The linear gradient elution was 85% A -
15% B. A volume of 1ml of each sample was injected after filtration through a
0.2um filter disk. The flow rate was 3 mL/min and the detection was achieved by
photodiode array (250-550nm). Three fractions were recovered (Table 2). The
solvent was then removed by evaporation using the SpeedVac automatic
evaporation system (Savant System, Holbrook, NY, USA). Finally, the dry matter
was obtained by freeze drying the fractions for at least 48 hours using a
Labconco freeze-drying system (Kansas City, MO, USA) and stored at -20° until
used (Calillet et al., 2012b).

Table 2: Time of elution of cranberry concentrate juice fractions obtained by HPLC-DAD
fractionation. F1: composed with phenolic acids, F2: constituted with mostly
anthocyanins and F3: contained mainly flavonols.

Fraction Time of elution (min)
F1 0-12
F2 13-28
F3 29-45

b) Total phenol content

Total phenol compound content in each cranberry fraction was determined by
spectrophotometry according to the Folin-Ciocalteu method (Singleton et al.,
1965). The total phenolic content was estimated using a calibration curve (r* =
0.9994) by plotting known solution of gallic acid (7.81, 15.63, 31.25, 62.5, 125,
250, 500 and 1000 pg/ml). The total phenolic content of each fractions was
expressed as microgram gallic acid equivalent (GAE) per mg powder (ug

GAE/mg of powder).
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9.2.4 Probiotic cell walls extraction

a) Physical treatment

Concentrated biomass of probiotic L. acidophilus CL1285, L. casei LBC80R and
L. rhamnosus CLR2 (Bio-K Plus International Inc.) fermented in MRS broth were
centrifuged at 9 000 x g for 30 minutes at 4°C. The resulting pellets were
washed with phosphate buffer 10mM pH 7.2 then suspended in the same buffer
at a ratio of 1:4 (w/v). The suspension was heated at 65°C for 40 minutes, then
submitted to ultrasound in 500 W, 20 KHz (Q500, QSONICA, Newtown, CT,
USA) using 1 s™ pulse on and 1 s pulse off with 40% acoustic power
(amplitude) for 30 minutes at 4°C. The sonicated samples were centrifuged at
800xg for 30 minutes; the supernatant was recovered and subjected to
ultracentrifugation at 50 000xg for 30 minutes. The pellet was collected and
suspended in 10 ml of 100mM Tris-HCI buffer pH 7.5 (Kim et al., 2002,
Signoretto et al., 1998).

b) Enzymatic treatment

The pellet obtained in the previous step was firstly incubated under agitation with
50ul of a-amylase (20mg/ml) for 2 hours at 37°C. Then, 50ul of MgSO4 (1M),
100ul of DNase (1mg/ml), 100ul of RNase (50mg/ml) were added and the
solution was incubated at 37°C under agitation for 2 hrs. Finally, 100ul of trypsin
(20mg/ml) and 10ul of 1M CacCl, were added and the samples was incubated
overnight under agitation. After the incubation, 3.5ml of 4% SDS (w/v) was
added in the 10ml of samples and heated at 100°C for 15 minutes. The samples
were centrifuged at 30 000xg for 30 minutes. The new obtained pellet was
washed with distilled water (4X), and then with different solution: LiCl (8M), EDTA
(100mM) and acetone. Each solution was used twice to wash the pellet. The
washed pellets were mixed with 10ml of (NH4).CO; and 250ul of alkaline
phosphatase (1mg/ml) and incubated overnight at 37°C under agitation. Then
the sample was heated at 100°C for 5 minutes and centrifuged at 30 000xg for
45 minutes. The pellet was washed with distilled water (2X), suspended in water
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and lyophilized. The powder was weighed and kept at -20°C until used
(Signoretto et al., 1998).

9.25 Measurement of cell proliferation

a) Cell cultures

The HT-29 cells (ATCC HTB-38) and the Hepa 1clc7 murine hepatoma cells
(ATCC CRL-2026) were obtained from America Type Culture Collection (ATCC,
Rockville, MD, USA). The cells were maintained in complete DMEM-Ham’s F12
and MEM-EBSS medium, respectively containing 10% of FBS. They were

maintained in a humidified atmosphere incubator at 37°C with 5% CO..

b) Preparation of samples

Evaluation of cell viability assay and QR induction assay was done, measured for
cranberry fractions and cell wall extract. These compounds were serially two-
folded diluted using 10% (v/v) DMSO solution to have serial concentrations. The
concentrations of cranberry concentrate juice fractions are 20, 39, 78, 155, 310,
625, 1250 and 2500 ug/ml while concentrations of 8, 16, 32, 63, 125, 250 and
1000 pg/ml were considered for cell wall extract. For the QR assay, the
concentrations tested were 8, 16, 32, 63, 125, 250 and 500 pg/ml for both

samples

c) Antiproliferative assay

The antiproliferative effect of our samples was measured using MTT color assay.
The HT-29 cells were seeded at 2 x 10* cells in 200 pl of complete growth
medium in 96 wells microplate Corning® CELLBIND®Surface microplate (Costar,
Corning Inc., Corning, NY, USA). After 24 hours of incubation at 37°C in 5%
CO,, the medium was replaced with 90 pl of fresh medium containing 10 pl of
serial concentration of samples. Control wells received the same amount of
medium with 10 pl of DMSO 10% and blank wells received 100 pl of medium with

no cells. After 48 hrs of incubation, the growth medium containing the sample is
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decanted and replaced with 200 pl of new growth medium containing 25 pl of
MTT. The microplate were incubated for 4 hours. Then, 200 pl of DMSO with 25
pl of Sorensen buffer were added to the microplate. Absorbance was measured
at 562nm with a microplate reader (EL800 BioTek Winooski, VT, USA). The
absorbance of the control samples was set at 100% of cell proliferation. At least
five replications for each sample were used to determine the cell proliferation.
The cell proliferation was determined by the ability of the metabolic active cells to
cleave the tetrazolium salt to purple formazan crystals (Vistica et al., 1991). The

inhibition rate was calculated as follows:

Equation 1:Inhibition (%) = 100-(OD treated cells/OD control cells*100)

ICsp is the fraction concentration under which the proliferation of 50% of the cells
is inhibited.

9.2.6 Quinone reductase assay

a) Assay procedure

Hepa 1lclc7 cells were seeded in 96 well microplate in 200 pl of MEM/EBSS
medium at a concentration of 1 x 10%cells. After 24 hours of incubation at 37° C
in 5% CO; in humidified incubator the medium was decanted and replaced with
190 ul of fresh medium containing 10 pl of serial concentrations of samples.
After 48 hours of incubation the medium was decanted, and the cells were
incubated for 10 minutes with 50 pl of 0.8% digitonin and 2 mM EDTA solution,
then the microplates were agitated for 10 minutes in an orbital shaker and 200 pl
of a reaction mixture were added in each well. A stock solution was prepared as
described for each series of assays: 20.5 ml distilled water, 1.1 ml of 500 mM
Tris-HCI buffer pH 7.4, 14.7 mg of bovine serum albumin, 146.7 pl of 1.5% (w/v)
Tween 20 solution, 14.7 pl of 7.5 mM FAD®, 146.7 pl of 150 mM Glucose 6-
phosphate solution, 13.2 pl of 50 mM NADP™ solution, 44 pl of Glucose 6-
phosphate dehydrogenase solution, 6.6 mg MTT and 22 pl of 50 mM menadione
solution. The microplates were incubated for 5 min at room temperature then the

absorbance was read at 595 nm with a microplate reader.
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b) Protein determination

The protein quantification was performed using BCA assay kit from Fisher
Scientific Limited according to the manufacture’s specifications. A 20 pl aliquot
of lysed cells was transferred to a new microplate and 300 ul BCA were added to
each well and incubated for 30 min at humidified incubator under 5% CO2 at
37°C. Then, absorbance was read at 595 nm with a microplate reader. The
specific activity of QR is defined as nM MTT formazan formed per min per mg

protein. The specific activity was calculated as follows:

Equation 2: Specific activity = (absorbance of MTT 595nm/min (5minutes) x 3247 nmol/mg)/
(absorbance obtained for determining protein at 595nm).

Induction of QR of treated samples was calculated by dividing specific QR

activity of the treated sample to specific QR of the control samples (cells +

DMSO 10%).

9.2.7 Statistical analysis

One-way analysis of variance (ANOVA) was performed to evaluate the
differences between the samples tested SPSS Base 16.0 software (Stat-Packets
statistical analysis software, SPSS Inc., Chicago IL, USA). Significant

differences (p< 0.05) were evaluated using Duncan’s comparisons test.
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9.3 RESULTS AND DISCUSSION

9.3.1 Cranberry concentrate juice HPLC fractionnation

The HPLC analysis of the cranberry concentrate juice allowed the separation of
the phenolic compounds present in the juice according to their polarity. The first
compounds to elute are the most polar ones with the smallest molecular weight.
In a previous study conducted in our laboratory, standard phenolic compounds
were analysed through HPLC and their retention time was recorded (Calillet et al.,
2012b). Based on those results we could hypothesized the phenolic content of
each fraction as follows: fraction 1 (F1) contained mainly phenolic acid while
fraction 2 (F2) is constituted mainly of anthocyanins and fraction 3 (F3) is
composed mostly with flavonols.

9.3.2 Total phenol content

The concentration of phenolic compound in each fractions obtained from the
cranberry concentrate juice was analysed. The results are presented in Table 3.
We observed that the highest phenolic content was obtained in F3, the fraction
enriched with flavonols. Those results coincide with the ones obtained by Vu et
al. (2012) when using the extracts obtained from cranberries fruits, puree,
depectinised puree and pomace. The authors found that the extracts containing
the apolar phenolic compounds (flavonols, flavan-3-ols and proanthocyanidins)

for each samples tested were the ones with the highest phenolic content.

Table 3: Total phenolic content of cranberry fractions. F1, F2 and F3 were collected by
fractionation of cranberry concentrated juice by HPLC. Data are presented as
mean * standard deviation. F1: composed with phenolic acids, F2: constituted
with mostly anthocyanins and F3: contained mainly flavonols.

42



Fractions Phenolic composition pg GAE/mg of powder
F1 Phenolic acid 8.17+5.59
F2 Anthocyanins 70.75+3.55
F3 Flavonols 136.41+8.94
9.3.3 Antiproliferative assay

“‘Normal cells” are sensitive to environmental growth inhibitors unlike “cancer
cells”, they do not respond to the inhibitory growth signals that are able to grow
without the stimulatory growth factors indispensable for normal cell proliferation
(Karp, 2009). In view of the ability of cancer cells to grow indefinitely, using
substances (natural and/or chemical) to inhibit their growth is one of the

chemoprevention strategy against cancer.

a) Antiproliferative activity of cranberry fractions against HT-29.

The effect of cranberry fractions on HT-29 growth and the IC50 values are
presented in Figure. 2 and Table 4 respectively. The IC50 represent the
concentration required to inhibit the growth of 50% of the cancer cells and the
lower the value is the more efficient the fraction is to act as an antiproliferative

agent against cancer cells.

A concentration-dependant response was observed for all three fractions

concerning the inhibitory effect against HT-29 cells.
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Figure 2: Effect of fractions from cranberry concentrate juice obtained by HPLC on HT-29
proliferation. F1, F2 and F3 are three fractions collected by fractionation of
cranberry concentrated juice by HPLC. F1 is composed with phenolic acids, F2
is constituted with mostly in anthocyanins and F3 contained mainly flavonols.
Values are mean + standard deviation.

Table 4: 1Csy values of the cranberry fractions for the inhibition of HT-29 growth. HT-29
cells were incubated with different concentrations (156.25-2500ug/ml) of
cranberry fractions for 48 hours. F1, F2 and F3 were collected by fractionation of
cranberry concentrated juice by HPLC. Data are presented as mean * standard
deviation. Different letters are significantly different (p < 0.05). F1: composed

with phenolic acids, F2: constituted with mostly anthocyanins and F3: contained
mainly flavonols.

Fractions ICso (Mg GAE/mMI)
F1 11.00+2.36°
F2 194.88+1.58°
F3 129.30+2.18°

The fraction 1 (F1); which contains mainly phenolic acids, has an ICsy value of
11.00+2.36 pg GAE/mI. This fraction is the more effective at inhibiting HT-29
cells growth. The phenolic acids usually found in cranberry are p-coumaric,
sinapic, caffeic and ferulic acids (Zuo et al., 2002). Those compounds have
demonstrated their antiproliferative effects on cancer cells in in vitro studies. For
example ferulic and p-coumaric acids present in whole grains cereals bran were
able to inhibit the growth of Caco-2 cells lines by 43 and 57% respectively
compared to control after 2-3 days treatment at a concentration of 1500 puM
(Janicke et al., 2005). Murad et al. (2015) evaluated the effect of caffeic acid on
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HT-29 viability at different concentration (1.25 to 80.0 uM) from 0.5 to 96 hours.
They found that caffeic acid had inhibitory effect against HT-29 growth.

Therefore the results obtained in our study concerning the effect of phenolic
acids on colon cancer cells proliferation corresponds with previous cited studies.

Fraction 2 (F2), mainly composed of anthocyanins, presents the highest ICs
values. At the concentrations tested, F2 was not able to inhibit the growth of
50% of the cells. Anthocyanins are colored pigments especially abundant in
berries such as blueberries, blackberries, strawberries, black currants, grapes,
cranberries (da Silva et al., 2007). The anthocyanins available in cranberry are
mostly cyanidin 3-galactoside, cyanidin 3-arabinoside, peonidin (C6té et al.,
2010). Many studies demonstrated the inhibitory effect of anthocyanins from
different fruits against cancer cells. For example, Zhang et al. (2008b)
demonstrated that anthocyanins fractions from strawberry had an inhibitory effect
on HT-29 growth of 60% compared to control at a concentration of 0.25 mg/ml.
However anthocyanins from cranberry seems to have little to no effect on cancer
cells growth. For instance Murphy et al. (2003) tested purified cyanind-3-
galactoside on eight tumors cells lines growth. They found that even at the
highest concentration, the inhibition rate was less than 50% for all the cancer
cells. And also Seeram et al. (2004) tested anthocyanins sub-fractions from
cranberry against several tumour cell lines from prostate, colon and oral. The
authors found that the anthocyanins were able to limit prostate cancer cells
growth by 50-70% but not oral and colon tumour cells proliferation. Our results
are in agreements with these previous studies. Further investigations are
needed to evaluate the antioxidant capacity of F2 and/or the antiangiogenic
effect. Also further analyses are needed to determine the compounds present in
F2 and whether the subsequent bioactivity is due to a single or all the

compounds.

Fraction 3 (F3) is mainly composed of flavonols and presents also a high
inhibitory effect with an ICsg of 129.30+ 2.18 ug GAE/ml. It is known that the

main flavonols in cranberry are quercetin, kaempferol and myricetin. In vitro and

45



in vivo studies demonstrated a number of potential role for quercetin and
kaempferol in cancer prevention (Yang et al., 2000, Zhang et al., 2008a). A
study conducted by Li et al. (2009b) demonstrated the ability of kaempferol to
inhibit the proliferation of HCT116 cells in a dose dependent manner. The
antiproliferative activity was stronger for the cell line wild type p53. Another study
designed by Zhang et al. (2012a) to compare the anticancer activity of quercetin
and quercetin-5’, 8-disulfonate against colorectal cancer cell lines LoVo. The
authors found that both compounds were able to inhibit the growth of the cells in
a concentration dependant manner with ICsy values of 40.02 and 20.08 uM
respectively. Those results suggest that quercetin-5’,8-disulfonate is more
effective against cancer cell proliferation. Our results are in agreement with
these previous studies. Further investigation should be realised to determine if
the inhibitory effect is mainly due by a single compounds in each fraction or it's
rather the combination of all the compounds and also what is the mechanism by

which phenolic compounds distraught the proliferation of colon cancer cells.

b) Antiproliferative activity of cell wall constituents from a probiotic
biomass HT-29.

As shown in Table 5, HT-29 growth was not inhibited by the cell wall extracted
from a probiotic biomass containing L. acidophilus CL1285, L. casei LB8B0OCR and
L. rhamnosus CLR2.

Table 5 : Effect of extracts of cell wall constituents obtained from a probiotic biomass on
HT-29 cell viability. HT-29 cells were exposed to different concentrations (62.5
to 1000 pug/ml) of cell wall constituents. Cell wall were extracted from a probiotic
biomass containing Lactobacillus acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2. Data are presented as mean * standard deviation. CW: cell
wall constituent.

Concentration (ug/ml) Cell viability (%)
0 100.00+1.15
62.5 114.26+8.81
125 117.1149.54
250 122.53+5.51
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500 114.18+6.70

1000 104.47+9.78

Some studies showed the inhibitory effect of probiotic cell wall on colon cancer
cells proliferation. Liu et al. (2011) found that crude cell wall extracted from
Lactobacillus casei 01 inhibit the growth of HT-29 cells by nearly 9 % and Wang
et al. (2014) tested the cells walls extracted from four lactobacilli strains (X11,
X12, M5 and K14) for antiproliferative activity. The authors found that the
inhibition varied between 8.48 and 36.59 %.

Our results does not coincide with the ones obtained by previous studies. The
antiproliferative activity of the probiotics and their components might be strain
specific which could perhaps explain the disagreement between our results and
the ones obtained in previous studies. The cell wall extracted in this study came
from a probiotic biomass containing three different probiotics strains, the
hypothesis made was that cell wall of each of those bacteria possess an
inhibitory effect against colon cancer cells proliferation when use as a single
bioactive compounds but when they are combined together there might be an
antagonist effect. Further investigations need to be realised to determine the
effect of the probiotic cell wall of each probiotic alone on colon cancer cell

proliferation.

c) Antiproliferative activity of cranberry fractions combined with
probiotic cell wall against HT-29 proliferation.

The effect of the combination of cranberry fraction and probiotic cell wall extracts

on HT-29 growth are presented in Fig. 3.

47



d
C
C
240
2 b
& a
20 L ﬂ a

FI(§25pg/m) F202000ugimD F3 (25pg/mD CW(l00ugm])  FI+CW  FHCW  FHCW

=

Figure 3:Effect of the cranberry fractions associated with probiotic cell wall on HT-29
proliferation. HT-29 cells were exposed to cranberry fractions combined with
extract of cell wall constituents. F1, F2 and F3 were collected by fractionation of
cranberry concentrated juice by HPLC and CW constituents were extracted from
a probiotics biomass containing L. acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2. The samples are tested at different concentrations F1: 625
pg/ml, F2: 2000 pg/ml, F3: 625 pug/ml and CW: 100 ug/ml. Data are presents as
mean * standard deviation. Different letters are significantly different (p < 0.05).
F1: composed with phenolic acids, F2: constituted with mostly anthocyanins and
F3: contained mainly flavonols and CW: cell wall constituents.

When combining the cranberry fractions with the probiotic cell wall, we observed
an increase of the inhibitory effect of each sample against HT-29 proliferation as
compared to the fractions alone. F1 and F3 alone inhibit HT-29 by 40.82 +
23.00% and 25.22 + 3.5 % respectively at 625 pg/ml but when combined with the
cell walls extracts (100 pg/ml); the inhibitory effect increase by nearly 20%. F2
alone at a concentration of 2000 pg/ml inhibit the proliferation of by 6.60 +
16.57%, but with the cells wall there’s an increase of nearly 30% of the inhibition
rate. Studies showed that phenolic compounds from berries could act as
antimicrobial substances against food pathogens such as E. coli (Caillet et al.,
2012a, Lacombe et al., 2010) and it was found by Millette et al. (2007) that a
soluble fraction from a fermented milk produced by L. acidophilus and L. casei
was also able to inhibit the growth of food pathogens. Those studies showed
that phenolic compounds from berries and compounds from or produced by
probiotic bacteria have the same antimicrobial properties and others studies also
demonstrated that phenolic compounds present in berries could act as growth
promoting factors for probiotics. They are able activate bacterial growth but also

increase the bacterial count in a culture medium (Avila et al., 2009, Tabasco et

48



al., 2011). We can hypothesise that probiotic bacteria and phenolic compounds
can act as complementary bioactive compounds. The increase of the inhibition
rate when combining the two compounds could be explained by an interaction
between the phenolic compounds and the component of the probiotic cell wall
(peptidoglycan, teichoic acid and cell-wall associated polysaccharides). This
interaction may have an effect on the cancer cell proliferation by either modifying
the cell morphology or affecting some growth factors that could lead to the cell
death. Further studies will have to be realised to determine the nature of the link
between phenolic compounds and cell wall and the precise mechanism by which

that link affect cancer cells growth.

9.3.4 Quinone reductase assay

a) Quinone reductase induction by fractions from cranberry
concentrate juice

The effect of the cranberry fractions on the induction of QR activity are presented
in Fig. 4.
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Figure 4: Effect of fraction from cranberry concentrate juice obtained by HPLC the
induction of quinone reductase activity. Murine hepatoma (Hepa 1c1c7) cells
were exposed to different concentration of cranberry fractions (3.91 to 500
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pg/ml). F1, F2 and F3 were collected by fractionation of cranberry concentrated
juice by HPLC. Data are presented as mean + standard deviation. F1:
composed with phenolic acids, F2: constituted with mostly anthocyanins and F3:
contained mainly flavonols.
Berries are known for their antioxidant properties, which explain their ability to
help the organism to protect itself from free radicals that tend to provoke
damages in DNA. B-naphtoflavone (BNF) was used as a positive control at a
concentration of 20 uM have an induction of 2.45 * 0.1 folds (results not shown).
F1 and F2 did not have any effect on the induction of QR activity. The results
concerning F1 are consistent with previous studies. Phenolic acids like caffeic
and ferulic acids were found to be weak inducer of QR activity in some in vitro
studies (Fahey et al.,, 2002, Yang et al.,, 2009). Studies on the potency of
anthocyanins to induce QR activity have been contradictory. For instance Shih
et al. (2006) have identified the capacity of anthocyanins to induce QR activity
while Srivastava et al. (2007) informed that QR activity was not induce by natural
extracts of anthocyanins. This conflicting results make it difficult to hypothesize
about the results obtained for F2.

F3, mainly composed of flavonols is the only fraction able to induce QR activity.
The greater induction was observed at 62.5 ug/ml and it was of 2.18 + 0.206
folds. Previous studies showed that flavonols like quercetin, myricetin and
kaempherol were effective QR inducers with maximal induction within the range
1.6 to 3.6 (Uda et al.,, 1997). Our results seems to coincide with studies that
have been conducted before. Further investigations are required to identify
whether the capacity to induce QR activity of F3 are due to one compound or the
combination of compounds and also the effect of the cranberry fraction on the
inhibitory activity of phase | enzymes presents in the liver.

b) Quinone reductase induction by probiotic cell wall
constituents

The effect of cell wall extracted from the probiotic biomass on QR activity are
presented in Fig. 5.
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Figure 5: Effect of cell wall extracted from a probiotic biomass on the induction of quinone
reductase activity. Murine hepatoma (Hepa 1clc7) cells were exposed to
different concentration of extract of cell wall constituents (3.91 to 500 pug/ml). CW
constituents were from a probiotics biomass containing L. acidophilus CL1285, L.
casei LBC80OR and L. rhamnosus CLR2. Data are presented as mean *
standard deviation. CW: cell wall constituents.

Probiotic bacteria have the ability to inhibit colon cancer using diverse

mechanisms like enhancement of the host immune response, alteration of

intestinal microbiota, production of beneficial compounds (Ewaschuk et al., 2006,

Goldin et al., 1984, Hirayama et al., 2000). Since the induction of phase Il

enzyme like QR is considered one of the major mechanism to inhibit the first

stage of colon carcinogenesis therefore we investigated the effect of mixed cells
walls from L. acidophilus CL1285, L. casei LBC80R and L. rhamnosus CLR2 on

QR activity. Unfortunately our results showed that the cell wall did not have any

effect on QR activity at the concentration tested. A study conducted by Chang et

al. (2010) demonstrated that cell extracts from four strains of lactobacilli (L.

acidophilus KFRI342, L. casei KFRI707, L. acidophilus LA72712 and L. casei

KFRI809) were able to induce QR activity, and KFRI342 being the strain with the

greater activity. Our results do not coincide with this study, further investigations

are needed to determine whether increasing the concentration tested could
eventually lead to an induction of QR activity or testing the cell wall of each

probiotic strain would have an effect on QR induction.
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¢) Quinone reductase induction by cranberry fractions combined with
probiotic cell wall constituents.

The effect of the combination of cell wall and cranberry fractions on QR activity

are presented in Fig. 6.
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Figure 6: Effect of the cranberry fractions associated with probiotic cells walls on the
induction of quinone reductase activity: Murine Hepatoma (Hepa 1c1c7) cells
were exposed to cranberry fractions combined with extract of cell wall
constituents. F1, F2 and F3 were collected by fractionation of cranberry
concentrated juice by HPLC and CW constituents were extracted from a
probiotics biomass containing L. acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2. The samples are tested at a concentration of 100 pg/ml.
Data are presents as mean * standard deviation. Different letters are
significantly different (p < 0.05). F1: composed with phenolic acids, F2:
constituted with mostly anthocyanins and F3: contained mainly flavonols and
CW: cell wall constituents.

The induction fold of QR activity by cranberry fraction did not change when they
were combined with the extracted cell wall from the probiotic biomass. Unlike the
antiproliferative effect, combining the cell wall extracts with the cranberry
fractions did not result into an enhancement of QR activity. The chemical
interaction between the probiotic cell wall components and the phenolic

compounds which favor an increase in the antiproliferative effect when combing

the two compounds did not affect the QR activity either positively nor negatively.
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9.4 CONCLUSION

It was found that fractions 1 and 3 purified from cranberry concentrate were able
to inhibit the growth of HT-29 cell line with F3 being the most effective one.
Anthocyanin-rich fraction 2 was the fraction the least effective at inhibiting the
growth of HT-29. Cell wall extracted from a probiotic biomass containing L.
acidophilus CL1285, L. casei LBC80OR and L. rhamnosus CLR2 alone did not
affect the growth of colon cancer cells but when combined with the cranberry
fractions, a significant increase in the inhibition rate compared to the fractions
alone was observed. Only flavonol-rich fraction 3 was able to induce QR activity.
The concentration of phenolic compounds did not have a direct correlation with
the antiproliferative effect of the fractions. The results obtained in this study
confirm the potential of cranberry as a chemopreventive agent against cancer but
also prove that probiotics components and berries could act as in activating or

potentiating manner to prevent colon cancer cells growth.
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Résumé :

Les propriétés chimiopréventives et antioxydantes d’extraits de polyphénols
(FaJ-FbJ-FcJ) obtenus a partir de calices séchés d’Hibiscus sabdariffa (Hs) ont
été évaluées. Les effets des extraits de Hs seuls et combinés aux constituants
des composantes membranaires (CW) extraits d’'une biomasse probiotique
contenant les souches de lactobacilles suivantes : Lactobacillus acidophilus
CL1285, L. casei LBC80R et L. rhamnosus CLR2 sur la prolifération de cellules
cancéreuses du colon et lactivit¢ de la quinone réductase (QR) ont été
déterminé. Les extraits de polyphénols sont constitués en composeés
phénoliques solubles dans 'eau (Fad), composés phénoliques apolaires (FbJ) et
anthocyanines (FcJ). Tous les extraits testés ont été capable d’inhiber la
croissance des cellules HT-29 avec des valeurs de Cls variant de 82.41 a
226.18 ug EAG/ml. Les résultats ont aussi montré que combinés aux CW, une
augmentation significative de I'effet inhibiteur de tous les extraits de Hs a été
observée au niveau de la prolifération des cellules HT-29 (p<0.05). Egalement
l'activité de la quinone réductase a augmenté significativement (p< 0.05) lorsque
FcJ a été combiné avec CW. La capacité antioxydante des extraits de Hs a été
étudiée également en utilisant N, N-diethyl-p-phenylenediamine et les résultats
obtenus montrent que I'extrait FcJ possédait la plus grande capacité pour piéger
les radicaux libres (p< 0.05). En se basant sur les résultats obtenus, il est
possible d’affirmer que I'Hibiscus sabdarifa L. posséderait un grand potentiel
chimiopréventif seul et aussi combiné avec les composantes membranaires de

probiotiques.

Mots clés : activité antiproliférative, quinone réductase, extraits de composés
phénoliques, activité antioxydante, effet chimiopréventif, Hibiscus sabdariffa L.

60



Chemopreventive effects of extracts from Hibiscus sabdariffa

Kerlynn Desrouilléres®, Khanh Dang Vu!, Mathieu Millette? and Monique Lacroix™

- INRS-Institut Armand-Frappier, Research Laboratories in Sciences Applied to
Food, Canadian Irradiation Centre, 531, Boulevard des Prairies, Laval, Québec,
Canada, H7V 1B7

2: Bio-K Plus International Inc., 495, Boulevard Armand-Frappier, Laval, QC,
Canada, H7V 4B3

*Corresponding author: Professor Monique Lacroix. Tel.: 450-687-5010 #4489;

fax: 450-686-5501; E-mail address: monique.lacroix@iaf.inrs.ca

61


mailto:monique.lacroix@iaf.inrs.ca

ABSTRACT

Cancer chemopreventive and antioxidant properties of phenolic extracts (FaJ-
FbJ-FcJ) obtained from Hibiscus sabdariffa Linne (Hs) dry calyces were
evaluated. The effect of Hs phenolic extracts alone and combined with cell wall
constituents (CW) extracted from a biomass containing Lactobacillus acidophilus
CL1285, L. casei LBC80OR and L. rhamnosus CLR2 on the activity of quinone
reductase and the growth of colon cancer cells were determined. The phenolic
extracts consisted of water-soluble phenolic compounds (FaJ), apolar phenolic
compounds (FbJ) and anthocyanins (FcJ). All extracts were able to inhibit the
proliferation of HT-29 cells showing ICso ranging from 82.41 to 226.18 ug
GAE/mI. The results also showed that when combined with the CW, a significant
increase in the inhibitory effects of all Hs extracts against HT-29 proliferation (p <
0.05) is observed. The activity of quinone reductase (QR) increases significantly
(p = 0.05) when Fcd is combined with CW. The antioxidant capacity of the Hs
phenolic extracts was investigated using N, N-diethyl-p-phenylenediamine and it
was found that FcJ s was the extract showing the highest free-radical scavenging
activity (p < 0.05). According to those results Hibiscus sabdariffa L. has a great
potential as a chemopreventive substance either alone or combined with

probiotic cell wall.

Keywords: Antiproliferative activity, quinone reductase, phenolic extracts,

antioxidant activity, cancer chemopreventive effect, Hibiscus sabdariffa L.

62



10.1 INTRODUCTION

Cancer is the leading cause of death in developed countries and the second
cause in developing countries (Jemal et al., 2010) (National Cancer Statistics).
Colorectal cancer represents the third most common diagnosed cancer for men
and the second one for women in the western countries (Jemal et al., 2011).
Epidemiological studies have identified that diet plays a major role in CRC
incidence (Willett, 2000); higher intakes of red and processed meat, processed
food, sweets and lower intake of fruits, vegetables, dietary fiber, grains is
associated with an increased CRC risk (Fung et al., 2013, Miller et al., 2010,
Randi et al., 2010).

The term chemoprevention is defined as the use of natural or synthetic
substances to prevent, suppress or reverse the carcinogenic process (Hong et
al., 1997). Over the years there has been an increasing interest in the potential
anticancer activities of plant-derived phytochemicals (Galati et al., 2004, Ullah et
al., 2013) and many of those compounds has proven effective in the reduction of
cancer risk by scavenging reactive oxygen species (ROS) (Gangwar et al.,
2014), deregulating cancer cell proliferation , inducing apoptosis or cycle arrest

and inhibiting/inducing the activity of some enzymes.

Hibiscus sabdariffa L. (Hs) belongs to the Malvaceae family. It is described as a
perennially tropical wild plant with a height up to 2 meter with large red to purple
flowers. Depending on the geographical distribution, Hs goes by the name of

“roselle”,

LT LT} M

flor de Jamaica”, “Jamaica sorrel”, “lozey”, “l'oseille”. The calyces and
the flower pods from this plant are frequently used to produce jelly, jam, tea,
juice, wine and syrup (Bako et al., 2009, Bolade et al., 2009). Ethnobotanical
information concerning Hs reveals that in traditional medicine it has been used as
diuretic, mild laxative, sedative, antitussive, gastrointestinal disorder treatment
(Akindahunsi et al., 2003, Monroy-Ortiz et al., 2007). Those therapeutic roles are
mainly due to Hs rich phytochemical profile, the main constituents are organic
acids, anthocyanins, polysaccharides, flavonoids and phenolic acids (Da-Costa-

Rocha et al.,, 2014, Ramirez-Rodrigues et al., 2011). Previous studies have
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demonstrated the antioxidant capacity (Ajiboye et al., 2011, Ramakrishna et al.,
2008), the anti-obesity effect (Alarcon-Aguilar et al., 2007, Carvajal-Zarrabal et
al., 2009) and the immunomodulatory activity (Fakeye et al., 2008, Okoko et al.,

2012) of phenolic fractions or extracts obtained from Hibiscus sabdariffa L. (Hs).

Thus the objectives of this study to evaluate 1) the antiproliferative properties of
Hs extracts alone and combined with probiotic cells walls on HT-29 proliferation,
2) the effect of those extracts when tested alone and combined on the activity of
guinone reductase and 3) the antioxidant capacity of Hs extract.
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10.2 MATERIALS AND METHODS

10.2.1 Chemicals reagents

Chemicals such as gallic acid, Folin-Ciocalteu reagent, methanol,
dimethylsulfoxide, menadione, glucose 6-phosphate, glucose 6-phosphate
dehydrogenase, EDTA, FAD", digitonin, BSA, B-naphtoflavone, SDS, Tween 20,
N,N-diethyl-p-phenylenediamine were purchased from Sigma (Oakville, ON,
Canada). Cancer cell culture media (DME F’12, MEM-EBSS), FBS and other
supplements were obtained from Fisher Scientific Limited (Ottawa, ON, Canada).
Acetone and acetic acid were purchased from Laboratoires Mat (Québec, QC,

Canada).

10.2.2 Raw materials

Dried calyces of Hibiscus sabdariffa bought from Mexico were used to determine
the antiproliferative activity, antiradical properties and the ability to induce the
activity of quinone reductase of the flower. They were sealed under vacuum and
stored at -20°C until used.

10.2.3 Extraction of phenolic compounds

The extraction was conducted in a mild condition to avoid oxidation, thermal
degradation and other chemical and biochemical change in the sample. Three
different solvents solutions were used to obtain three different fractions. The
most water soluble phenolic compounds were extracted with water/methanol
solvent (85:15, v/v) (Seeram et al., 2004), the most apolar phenolic compounds
such as flavonols, flavan-3-ols and proanthocyanidins extracted with
acetone/methanol/water solvent (40/40/20, v/v) (Neto et al., 2006), and the
anthocyanins were extracted with methanol/water/acetic acid solvent (85:15:0.5,
v/viv) (Wu et al., 2005)
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10.2.4  Total phenol content

Total phenol compound content in each cranberry fraction was determined by
spectrophotometry according to the Folin-Ciocalteu method (Singleton et al.,
1965). The total phenolic content was estimated using a calibration curve (r? =
0.9994) by plotting known solution of gallic acid (7.81, 15.63, 31.25, 62.5, 125,
250, 500 and 1000 pg/ml). The total phenolic content of each fractions was
expressed as microgram gallic acid equivalent (GAE) per mg powder (ug

GAE/mg of powder).

10.2.5 Probiotic cell wall extraction

a) Physical treatment

Concentrated biomass of probiotic L. acidophilus CL1285, L. casei LBC80R and
L. rhamnosus CLR2 (Bio-K Plus International Inc.) fermented in MRS broth were
centrifuged at 9 000 x g for 30 min at 4°C. The resulting pellets were washed
with phosphate buffer 10mM pH 7.2 then suspended in the same buffer at a ratio
of 1:4 (w/v). The suspension was heated at 65°C for 40 min, then submitted to
ultrasound in 500 W, 20 KHz (Q500, QSONICA, Newtown, CT, USA) using 1 s*
pulse on and 1 s™ pulse off with 40% acoustic power (amplitude) for 30 min at
4°C. The sonicated samples were centrifuged at 800xg for 30 min; the
supernatant was recovered and subjected to ultracentrifugation at 50 000xg for
30 min. The pellet was collected and suspended in 10 ml of 100mM Tris-HCI
buffer pH 7.5 (Kim et al., 2002, Signoretto et al., 1998).

b) Enzymatic treatment

The pellet obtained in the previous step was firstly incubated under agitation with
50ul of a-amylase (20mg/ml) for 2 hrs at 37°C. Then, 50ul of MgSO4 (1M), 100ul
of DNase (1mg/ml), 100ul of RNase (50mg/ml) were added and the solution was
incubated at 37°C under agitation for 2 hrs. Finally, 100ul of trypsin (10mg/ml)
and 10ul of 1M CaCl, were added and the samples was incubated overnight

under agitation. After the incubation, 3.5ml of 4% SDS (w/v) was added in the
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10ml of samples and heated at 100°C for 15 min. The samples were centrifuged
at 30 000xg for 30 min. The new obtained pellet was washed with distilled water
(4X), and then with different solution: LiCl (8M), EDTA (100mM) and acetone.
Each solution was used twice to wash the pellet. The washed pellets were mixed
with 10ml of (NH4):CO3; and 250ul of alkaline phosphatase (1mg/ml) and
incubated overnight at 37°C under agitation. Then the sample was heated at
100°C for 5 min and centrifuged at 30 000xg for 45 min. The pellet was washed
with distilled water (2X), suspended in water and lyophilized. The powder was
weighed and kept at -20°C until used (Signoretto et al., 1998).

10.2.6  Cell cultures, antiproliferative assay and quinone
reductase assay

a) Cell proliferation agent MTT

MTT, 3-(4,5-dimethyl-2-thiazol)-2,5-diphenyl-2H-tetrazolium bromide is a
tetrazolium salt that have been widely used for the assessment of cytotoxicity,
cell viability and proliferation studies in cell biology (Kiernan, 2001, van Meerloo
et al., 2011). The assay is based on the reduction of the yellow tetrazolium salt
into purple formazan crystals by dehydrogenase and reducing agents present in
metabolically active cells. The amount of formazan is measured using a
spectrophotometer to determine the viable cells since the amount of formazan is

proportional with the number of living cells (van Meerloo et al., 2011).

b) Preparation of samples

The stock of hibiscus extract were diluted using 10% (v/v) dimethylsulfoxyde
(DMSO) (Sigma-Aldrich, Oakville, ON, Canada). The concentrations tested were
15, 20, 25, 30, 35, 40, 45 and 50 mg/ml for the antiproliferative assay and for the
guinone reductase assay, the concentration tested were 5. 2.5, 1.25, 0.63, 0.32,
0.16 and 0.08 mg/ml.
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c) Cell lines and culture media

Hepa 1clc7 murine hepatoma cells (ATCC CRL-2026) and HT-29, human colon
adenocarcinoma (ATCC HTB-38) were purchased from the American Type
Culture Collection, ATCC, Rockville, MD, USA. The HT-29 and Hepa 1c1c7 cells
were maintained in complete DMEM-Ham’s F12 and MEM EBSS growth medium
respectively containing 10% of FBS at 37°C in 5% CO, atmosphere.

d) Antiproliferative assay

The antiproliferative effect of our samples was measured using MTT color assay.
The HT-29 were seeded at 2 x 10 cells in 200ul of complete growth medium in
96 wells microplate Corning® CELLBIND®Surface microplate (Costar, Corning
Inc., Corning, NY, USA). After 24 hrs of incubation at 37°C in 5% CO,, the
medium was replaced with 90ul of fresh medium containing 10pl of serial
concentration of samples. Control wells received the same amount of medium
with 10ul of DMSO 10% and blank wells received 100ul of medium with no cells.
After 48 hrs of incubation, the growth medium containing the sample is decanted
and replaced with 200ul of new growth medium containing 25ul of MTT. The
microplate were incubated for 4 hours. Then, 200ul of DMSO with 25ul of
Sorensen buffer were added to the microplate. Absorbance was measured at
562nm for each concentration compared to the control. At least five replications

for each sample were used to determine the cell proliferation.

Equation 3 :Inhibition percentage = 100-(OD controls cells/OD treated cells*100)

ICsp is the fraction concentration under which the proliferation of 50% of the cells
is inhibited.
10.2.7  Quinone reductase assay

8.1.1.1 Assay procedure:

Hepa 1lclc7 cells were seeded in 96 well microplate in 200ul of MEM/EBSS
medium at a concentration of 1 X 10%cells. After 24 hours of incubation at 37° C
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in 5% CO,, humidified incubator; the medium was decanted and replaced with
190ul of fresh medium containing 10ul of serial concentrations of samples. After
48 hours of incubation the medium was decanted, and the cells were incubated
for 10 minutes with 50ul of 0.8% digitonin and 2mM EDTA solution, then the
microplates were agitated for 10 min in an orbital shaker and 200pl of a reaction
mixture were added in each well. (22 ml of solution were prepared for each set of
assays: 20.5 ml distilled water, 1.1 ml of 500mM Tris-HCI buffer pH 7.4, 14.7 mg
of bovine serum albumin, 146.7ul of 1.5% (w/v) Tween 20 solution, 14.7ul of
7.5mM FAD", 146.7ul Of 150mM Glucose 6-phosphate solution, 13.2ul of 50mM
NADP" solution, 44pl of Glucose 6-phosphate dehydrogenase solution, 6.6 mg
MTT and 22pl of 50mM menadione solution). The microplate was incubated for
5 minutes at room temperature then the absorbance was read at 595nm using a
microplate reader (ELISA reader, CLX800-BioTek Instruments).

8.1.1.2 Protein estimation:

The protein quantification was performed using BCA assay kit (Thermo Scientific)
according to the manufacture’s specifications. A 20ul aliquot of lysed cells was
transferred to a new microplate and 300yl BCA were added to each. Then, the
microplate was incubated for 30 min in the humidified incubator in 5 % CO, at
37°C and after the incubation, absorbance was read at 595 nm with a
spectrophotometer (ELISA reader, CLX800-BioTek Instruments).

The specific activity of quinone reductase is defined as nM MTT formazan

formed per min per mg protein.

Equation 4: Specific activity = (absorbance of MTT 595 nm/min (5 minutes) * 3247 nmol/mg)/
(absorbance obtained for determining protein at 595 nm).

Induction of QR of treated samples was calculated by dividing specific QR
activity of the treated sample to specific QR of the control samples (cells +
DMSO 10 %).
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10.2.8  Freeradical scavenging capacity

Antioxidant properties of hibiscus extracts (1 mg/ml) were evaluated following a
modified procedure of the DPPD colorimetric method by (Caillet et al., 2006).
200 pl of each extracts were added to an electrolytic cell containing 3 ml of 0.15
M NaCl and submitted to electrolysis for 1min (10 mA direct current (DC), 400V)
using a power supply from Bio-Rad, model 1000/500 (Mississauga, ON,
Canada). After the electrolysis an aliquot of 200 pl was added to 2 ml of DPD
solution (2.5 % p/v) and mixed thoroughly. The generated oxidative species
react instantly with DPD producing a red coloration that can be measured at 515
nm using a spectrophotometer from Varian Canada Inc. (Mississauga, ON,
Canada). The scavenging percentage was calculated according to the following

equation:

Equation 5 : Scavenging activity (%) = [1-(A sampie/A control)]*100
10.2.9 Statistical analysis

One-way analysis of variance (ANOVA) was performed to evaluate the
differences between the samples tested with SPSS Base 16.0 software (Stat-
Packets statistical analysis software, SPSS Inc., Chicago IL). Significant

differences (p< 0.05) were evaluated using Duncan’s comparisons test.
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10.3 RESULTS AND DISCUSSION

10.3.1  Total phenol content :

To quantify the contribution of the phenolic compounds to the antioxidant
capacity and the antiproliferative effects of each extract, the concentration of
polyphenols was analysed. The results are presented in Table 6. The phenolic
content varies from 30 to 70 pg GAE/mg of powder. The flavonoids rich extract
(FbJ) and the anthocyanin-rich extract (FcJ) present the highest phenolic

concentration as compared to the polyphenol rich extract (FaJ).

Table 6 : Total phenolic content Hibiscus sabdariffa (Hs) extracts. FaJ, FbJ and FcJ were
extracted from Hibiscus sabdariffa dry calyces: FaJ: composed mainly with
water-soluble phenolic compound, FbJ: rich with apolar phenolic compound and
FcJ: rich with anthocyanins. Data are presented as mean + standard deviation.
Different letters are significantly different (p < 0.05).

Fractions Phenolic Compounds Hg GAE/mg of powder
FaJ Water-soluble 30.84+0.23%
FbJ Apolar 67.60+1.69"
FcJ Anthocyanins 69.63+0.49"

The results showed that fractions FbJ and FcJ rich an apolar phenolic
compounds and anthocyanins respectively have a higher concentration of
phenolic contents. Previous studies showed that the most abundant polyphenols
in Hibiscus sabdariffa L. are mainly anthocyanins and flavonoids. Phenolic acids
only represent 11% of the phenolic profile of Hs (Borras-Linares et al., 2015,

Carvajal-Zarrabal et al., 2012).
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10.3.2  Antiproliferative assay

a) Antiproliferative activity of Hs extracts against HT-29
proliferation

The effect of Hs extracts on HT-29 growth and the ICsg values of each extract are

shown in Fig. 8 and Table 6 respectively.

A concentration-dependant response was observed for two extracts FaJ; the

extracts rich with water-soluble phenolic compounds (polyphenols-rich extract)

and FbJ which contained mainly apolar phenolic compounds. Those extracts

have ICs values statistically similar.
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Figure 7: Effect of extracts from dried calyces of Hibiscus sabdariffa (Hs) on HT-29

Table 7 : 1C50

proliferation. HT-29 cells were treated with different concentrations (1500-
5000ug/ml) of phenolic extracts from Hibiscus sabdariffa dry calyces. FaJ, FbJ
and FcJ were extracted from Hibiscus sabdariffa dry calyces: FaJ: composed
mainly with water-soluble phenolic compound, FbJ: rich with apolar phenolic
compound and FcJ: rich with anthocyanins. Data are presented as mean *
standard deviation.

values of the Hibiscus sabdariffa (Hs) extracts tested. 200 pl of phenolic
extracts from Hibiscus sabdariffa dry calyces were added to an electrolytic cell
containing 3 ml of 0.15 M NaCl and submitted to electrolysis for 1min. FaJ:
composed mainly with water-soluble phenolic compound, FbJ: rich with apolar
phenolic compound and FcJ: rich with anthocyanins. Data are presented as
mean = standard deviation. Different letters are significantly different (p < 0.05).

Fractions Mg GAE/mg of powder
FaJ 104.42+12.28%
FbJ 226.18+25.10°
FcJ 82.41+8.98%
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The water-soluble phenolic compounds found in Hs are mostly phenolic acids
like protocatechuic, chlorogenic, gallic acids, anthocyanins such as delphinidine-
3-sambubioside and cyaniding-3-sambubioside and finally some flavonoids like
guercetin, myrecitin, kaemperol, rutin (Beltran-Debon et al., 2010, Peng et al.,
2011).

Many studies have investigated and demonstrated the anticancer properties of
those compounds (Hou et al., 2005, Reddy et al., 2012, Yang et al., 2008, Yin et
al., 2009). Thurow et al. (2012) investigated the effect of chlorogenic acid on
Caco-2 cells proliferation. They found that at a concentration of 150, 300 and
500 pmol chlorogenic acid was able to decrease by 63.7, 90.1 and 85.7 %
respectively Caco-2 cell proliferation. They also observed the change in cells
morphology when exposed to cholorogenic acid. The cytotoxicity effect of rutin
against SW480 cells was evaluated by Alonso-Castro et al. (2013). The authors
found that rutin had a high cytotoxicity effect against the cells (ICso = 125 uM)
when tested at a concentration of 20 mg/kg.

FbJ, flavonols-rich extract has an ICsy of 226.18+25.10 ug GAE/mg of powder.
This extract is mainly composed of with flavonoids like quercetin, luteoloin,
hibiscin-3-glucoside, sabdartrin, gossypitrin and eugenol (McKay et al., 2010a,
Williamson et al., 2009). In vitro and in vivo studies have shown the
chemopreventive effects of those compounds (Kim et al., 2003, Lee et al., 2006b,
Meraiyebu et al., 2013).

Jaganathan et al. (2011) investigated the antiproliferative effect of eugenol on
two colon cancer cell lines: HT-29 and HCT-15. Results showed that the growth
of both cells was inhibited by eugenol and also HCT-15 was more sensitive (ICs
= 300 uM) to eugenol than HT-29 cells (IC5o = 500 uM).

FcJ (anthocyanin-rich extract) present an ICsy value of 82.41+8.98 ug GAE/mg of
powder. The anthocyanins mainly found in Hibiscus sabdariffa are delphinidin-3-
sambubioside, cyanidin-3-sambubioside, delphinidin-3-glucoside and cyanidin-3-
glucoside (Williamson et al., 2009). Anthocyanins are a large group polyphenols
widely disturbed in our diet (Hertog et al.,, 1993). They have been extensively
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investigated because of their health promoting effects such as their antioxidant
capacity (Rahman et al., 2006), protective effect against DNA damage (Esselen

et al., 2009), and role in cancer prevention (Bunea et al., 2013).

A study conducted by Shin et al. (2009) demonstrated the ability of anthocyanins
isolated from Vitis coignetiae to induce apoptosis and inhibit cell viability of HCT-
116 cells in a dose dependant manner. Jing et al. (2008) investigated the effect
of anthocyanin-rich fraction from different sources on HT-29 proliferation. All
samples were able to inhibit the growth of the cancer cells but at different rates.

Our results are in agreement with previous cited studies concerning all extracts.
Further investigation should be performed to determine by which mechanism the
compounds affect the cancer cell growth (apoptosis, regulating the anti-
inflammatory response) and also whether the antiproliferative capacity of each

extract is a due to a synergetic or an additive effect of all the compounds.

b) Antiproliferative activity of Hs extract combined with cell wall
constituents from a probiotic biomass against HT-29 proliferation
In a previous study conducted by Desrouilleres K. et al. (2015), it was reported
that the cells walls from the probiotic biomass did not affect the growth of HT-29
cells. The effect of the combination of Hs extracts and probiotic cell wall extracts

on HT-29 growth are presented in Fig. 8.
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Figure 8 : Effect of Hibiscus sabdariffa (Hs) extracts associated with probiotic cells walls
on HT-29 proliferation. HT-29 cells were exposed to Hibiscus sabdariffa
extracts combined with extract of cell wall constituents. FaJ, FbJ and FcJ were
extracted from Hibiscus sabdariffa dry calyces and CW constituents were
extracted from a probiotic biomass containing L. acidophilus CL1285, L. casei
LBC80OR and L. rhamnosus CLR2. The samples are tested at a concentration
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less than 50% inhibition rate: FaJ (2500 ug/ml), FbJ (2000 pg/ml), FcJ (500
pg/ml) and CW (100 pg/ml). Data are presented as mean + standard deviation.
Different letters are significantly different (p < 0.05). FaJ: composed mainly with
water-soluble phenolic compound, FbJ: rich with apolar phenolic compound FcJ:
rich with anthocyanins and CW: cell wall constituents.
When combining Hs extract with the probiotic cell wall, we observed an increase
of the inhibitory effect of each sample against HT-29 proliferation as compared to
the fractions alone. FaJ alone inhibit HT-29 proliferation by 14.06 + 3.71 % at a
concentration of 2500 pg/ml but when combined with the cell wall extracts (100
pg/ml), the inhibitory effect increase by nearly 40 %. FbJ alone at a
concentration of 2000 pug/ml inhibit the proliferation of by 42.35 + 7.85 %, but with
the cell wall there is an increase of nearly 10 % of the inhibition rate and FcJ
combined with the cell wall extract inhibit HT-29 proliferation by 39.14 + 6.66 %
which represent an increase of 8 % compared to the inhibition rate of the
phenolic extract when tested alone. Those results suggest that the cell wall
combined with FaJ work in a synergetic manner to inhibit the cancer cell
proliferation while FbJ and FcJ with the cell wall have an additive effect or a
potentiating. The increase of the inhibition rate when combining the two
compounds could be explained by an interaction between the phenolic
compounds and the component of the probiotic cell wall (peptidoglycan, teichoic
acid and cell-wall associated polysaccharides). This interaction may have an
effect on the cancer cell proliferation by either modifying the cell morphology or
affecting some growth factors that could lead to cell death. Further studies are
required to determine the nature of the link between phenolic compounds and

cell wall and the precise mechanism by which that link affect cancer cells growth.

10.3.3 Quinone reductase assay

a) Effect of Hs extracts on quinone reductase activity

QR activity of cells treated with Hs extract are shown in Fig. 9.
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Figure 9 : Effect of Hibiscus sabdariffa (Hs) extracts on the induction of quinone reductase
activity. Murine hepatoma (Hepa 1clc7) cells were treated with different
concentrations (3.91-500 ug/ml) of phenolic extracts from Hibiscus sabdariffa dry
calyces. FaJ, FbJ and FcJ were extracted from Hibiscus sabdariffa dry calyces:
FaJ: composed mainly with water-soluble phenolic compound, FbJ: rich with
apolar phenolic compound and FcJ: rich with anthocyanins. Data are presented
as mean + standard deviation

None of the fraction were able to induce the enzyme activity. Those results are

in disagreement with the ones reported in previous studies (Adaramoye et al.,

2008, Wang et al., 2000). The key antioxidant compounds in Hs are the

anthocyanins and protocatechuic acid and chlorogenic acid derivatives (Mohd-

Esa et al., 2010).

In a study conducted by Li et al. (2012), it was shown that three compounds
isolated from black chokeberry fruits were able to double the induction of QR at a
concentration lower than 20 uM. Those compounds were protocatechuic acid,
neochlorogenic methyl ester and quercetin. The only extract that may contain Hs
phenolic acid is FaJ; besides the phenolic acids it also contained the
anthocyanins and some flavonol and flavanol. It could be speculated that the
presence of all those compounds have an antagonist effect upon the ability of

chlorogenic and protocatechuic acids to induce QR activity.

As for the anthocyanin-rich extract (FcJ); a study conducted by Ajiboye et al.
(2011) showed that anthocyanin extract from Hibiscus when fed to rats, has the
ability to increase the activity of phase Il detoxifying such as glutathione S-
transferase, quinone reductase, and uridyl diphosphoglucuronosyl transferase by
65%, 45%, and 57%, respectively in rats. In our study there is no induction, but

some studies showed that a compound can have little to no potential at inducing
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QR activity when tested in vitro but tested in an animal model gived different
results. They suggested that an intermediate of the compound was produced
within a metabolic process that occur in vivo, and that intermediate was a strong
QR inducer (Bolling et al., 2011, Kawabata et al., 2000, Yang et al., 2009).

Other fact that could explain the discrepancies between our results and the one
obtained in previous studies is the use of different extraction procedure (Sindi et
al.,, 2014). Further investigation are needed to determine the effect of the
phenolic acids and the anthocyanins from Hibiscus on the activity of the enzyme
such as a fractionation by HPLC of FaJ to obtain enriched fractions of each

classes of polyphenols and also the use of an animal model.

b) Effect of Hs extracts combined with cell wall constituents on
quinone reductase activity.
In a previous study conducted in our laboratory it as reported that the cell wall
extracted from the probiotic biomass containing three strains of lactobacillus had
no effect on QR activity. The effect of the combination of Hs extracts and cell

walls are presented in Fig 10.
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Figure 10 : Effect of Hibiscus sabdariffa (Hs) extracts associated with probiotic cells walls
on the induction of quinone reductase activity. Murine hepatoma (Hepa
1clc7) cells were exposed to Hibiscus sabdariffa extracts combined with extract
of cell wall constituents. FaJ, FbJ and FcJ were extracted from Hibiscus
sabdariffa dry calyces and CW constituents were extracted from a probiotic
biomass containing L. acidophilus CL1285, L. casei LBC80R and L. rhamnosus
CLR2. All samples are tested at a concentration of 100pg/ml. Data are
presented as mean t standard deviation. Different letters are significantly
different (p < 0.05). FaJ: composed mainly with water-soluble phenolic
compound, FbJ: rich with apolar phenolic compound FcJ: rich with anthocyanins
and CW: cell wall constituents
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Although for FaJ and FbJ; the cell wall did not affect their inducer rate; for FcJ in
the other the hand; the addition of cell wall significantly increase (p < 0.05) his
inducer rate. It is possible that a link between the anthocyanins and the
compounds present in the cell wall formed a new molecule that is able to
increase the QR activity. Further studies should be realised to investigate the
nature of the interaction between anthocyanins and cell wall and also to
determine if the effect of anthocyanin-rich extract combined with cell wall on QR
activity is a dose-dependent response.

10.3.4  Freeradical scavenging capacity

Reactive oxygen species (ROS) are produced in a normal cellular metabolism
either by the mitochondrial respiratory chain or during endogenous cell reaction.
They are vital in the stimulation of signaling pathways. Oxidative stress occurs
when there is an imbalance between the formation of free radicals and the

elimination of ROS.

Table 8: Radical scavenging capacity of Hibiscus sabdariffa (Hs) extracts HT-29 cells were
incubated with different concentrations (1500-5000ug/ml) of phenolic extracts
from Hibiscus sabdariffa dry calyces for 48 hours. Three extracts were obtained:
FaJ: composed mainly with water-soluble phenolic compound, FbJ: rich with
apolar phenolic compound and FcJ: rich with anthocyanins. Data are presented
as mean + standard deviation. Different letters are significantly different

Fractions TE/mg of powder
FaJ 1.33+0.85%
FbJ 1.34+0.65%
Fcd 2.54+0.60"

The free radical scavenging capacity of Hs extracts is presented in Table 8. The
anthocyanin-rich extract have the highest scavenging activity. Some study
suggest that the strong antioxidant activity of Hs is partly due to their scavenging
capacity of reactive oxygen species and free radicals (Mohd-Esa et al., 2010,
Sayago-Ayerdi et al., 2007).
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Ajiboye et al. (2011) showed that Hibiscus sabdariffa anthocyanin extract has the
ability to scavenge efficiently DPPH radical, superoxide ion and hydrogen
peroxide. At a concentration of 2 mg/ml the extract produce a 92% scavenging
effect of DPPH radical and at 1 mg/ml a 69% and 90% scavenging effect against
superoxide ion and hydrogen peroxide respectively. Our results are in

agreement with previous studies.
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104 CONCLUSION

This study showed that all extracts from Hibiscus sabdariffa were able to inhibit HT-29
proliferation. The extract with the greatest efficacy was FcJ, the anthocyanin-rich
extract. It was also demonstrated that when combining cell wall and Hibiscus sabdariffa
extracts the inhibition rate of each extract increases. None of the extracts was able to
induce QR activity and only the anthocyanin-rich fraction showed a significant increase
when combined with the cell wall. That extract also showed the strongest capacity to
scavenge free radicals as compared to the other two. Those results confirm the
chemopreventive potential of Hibiscus sabdariffa and Hs extract combined with cell wall
constituents could have either act either in synergetic manner or a potentiating manner

depending on the extracts against colon cancer cell proliferation
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Résumé :

L’effet antinéoplasique d’un lait fermenté (FM) contenant trois souches de probiotiques
(Lactobacillus acidophilus CL1285, L. casei LBC80R and L. rhamnosus CLR2) a été
étudié chez des rats traités avec le 1,2-diméthylhydrazine (DMH). Les rats ont été
divisés en 7 groupes de 8 animaux. Les rats ont été alimenté avec une diéte riche en
gras et faible en fibres, le groupe 1 a servi de contréle négatif tandis que les rats des
groupes 2 a 7 ont recu du DMH (30mg/kg s.c.) une fois par semaine durant six
semaines. Les rats des groupes 3 a 7 ont été gaveés avec 2, 1.5, 1, 0.5, 0.25 ml de FM
respectivement chaque jour. Aprés 12 semaines, les rats ont été sacrifies et leurs
cblons, caecum et foie ont été prélevés. La présence de foyers de cryptes aberrantes
(FCA) au niveau du colon a été déterminée par observation au microscope. L’activité
des enzymes détoxifiantes du foie comme la quinone réductase (QR) et la glutathionne-
S-transférase (GST) et fécales comme la B-glucuronidase et la B-glucosidase a été
évaluée par spectrométrie. Les rats nourris avec les 3 doses les plus élevées ont
significativement (p < 0.05) moins de cryptes aberrantes (CA), tandis que ceux nourris
avec 1.5 et 2 ml de FM ont significativement moins de FCA comparé aux rats du groupe
2 (p £0.05). Les rats nourris avec les plus fortes doses de lait fermenté ont une activité
de GSTsignificativement plus élevée, tandis que seulement ceux nourris avec 2 ml ont
eu significativement moins d’activité de la B-glucuronidase comparé aux rats du groupe
2 (p < 0.05). Ces résultats indiquent que FM peut avoir un rdle potentiel dans la

prévention du cancer colorectal.

Mots clés : bactéries probiotiques, cancer colorectal, foyers de cryptes aberrantes, lait

fermenté, antinéoplasique.
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ABSTRACT

The effect of fermented milk (FM) consisting of three probiotic strains (Lactobacillus
acidophilus CL1285, L. casei LBC80R and L. rhamnosus CLR2) on colon cancer
prevention in rats treated with dimethylhydrazine (DMH) was investigated. The rats
were divided into 7 groups of 8 animals. Rats were fed with a high fat low fibre diet;
group 1 was a negative control, while groups 2 to 7 were injected with DMH (30 mg/kg
S.c) once a week for six weeks. Groups 3 to 7 were gavaged respectively with 2, 1.5, 1,
0.5 and 0.25 ml of FM every day. After 12 weeks, the rats were sacrificed and the
colon, caecum and liver were collected. Aberrant crypt foci (ACF) in the colon were
determined using a microscope. Detoxifying enzymes like quinone reductase (QR) and
glutathione-S-transferase (GST) and faecal enzymes such as B-glucosidase and -
glucuronidase were evaluated by spectrophotometry. The rats fed with the three
highest doses significantly lowered aberrant crypt (AC) count, while those
supplemented with 1.5 and 2ml FM lowered significantly ACF count compared to group
2 (p = 0.05). Highest doses fed-rats significantly induced GST activity, while only rats
fed with 2 ml reduced significantly B-glucuronidase activity compared to group 2 (p <
0.05). These results indicate that the FM could have a potential role in colorectal cancer

prevention

Keywords: probiotic bacteria, colorectal cancer, aberrant crypt foci, fermented milk,

anticancer.
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11.1 INTRODUCTION

Colorectal cancer (CRC) is the third most common and dangerous cancer in both men
and women after breast, prostate and lung cancer(2014b). According to a recent report
of the American Cancer Society an estimated of 96 830 cases of colon and 40 000
cases of rectal cancers are expected to occur in 2014 although the incidence rate has
been decreasing for most of the past two decades(2014a). In 2014, The Canadian
Society of Cancer estimated that in Canada, 24 400 Canadians will be diagnosed with
CRC, this represents 13% of all new cases of cancer(2014b). Epidemiological studies
have identified multiple risk factors for CRC: hereditary such as hereditary non
polyposis colon cancer (HNPCC), familial adenomatous polyposis (FAP) and medical
conditions such as inflammatory bowel disease (IBD) and colitis associated cancer
(CAC) (Haggar et al., 2009, Rowley, 2005, Stevens et al., 2007). Moreover, many
environmental factors like smoking, alcohol consumption, obesity, physical inactivity,
diet rich in saturated fat and red meat along with an inadequate consumption of

vegetable and fruits have been linked with CRC.

The development of CRC is a multistage process caused by a series of genetic and
epigenetics alterations (Fearon et al., 1990). It begins with the formation of a dysplastic
aberrant crypt foci (ACF) which subsequently progress to early adenomas then late
adenomas and ultimately to colonic carcinoma (Markowitz et al., 2009, Takayama et al.,
1998). ACF are identified pre-cancerous lesions. Biochemical, genetic and
morphological studies showed that they share similar alterations with colonic tumours
(Bird et al., 2000, Mori et al., 2005, Rudolph et al., 2005). Aberrant crypts (AC) appear
as a single or group of crypts. They may represent early lesions capable of progression
to CRC and/or be predictive markers of future risk. Therefore, they proved their
usefulness in chemoprevention studies (Bird, 1995, Stevens et al., 2007). Furthermore,
animal models with DMH inducing colon cancer have been widely used as a model to
screen agent with potentially chemopreventive properties (Chen et al., 2013, O'Neill et
al., 1997, Onoue et al., 1997).
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Some studies reported that colon tumours induced by this alkylating agent present the
many cell kinetics, molecular characteristics and pathological features associated with
human colon carcinoma (Ma et al.,, 1996, Shamsuddin et al., 1981). DMH is
metabolized into azoxymethane (AOM) and methylazoxymethanol (MAM) in the liver,
and then is transported to the colon via blood and bile. In the intestine, colonic cells
transform MAM into methyldiazoniums ions and subsequently into carboniums ions
which will later generate oxidative stress and DNA damage leading to cancer
(Sengottuvelan et al., 2009).

Various animal studies have used ACF as biological markers to demonstrate the
efficiency of dietary interventions against the development of CRC (Boateng et al.,
2007, Narushima et al., 2010, Zhong et al., 2012). Probiotics are defined as live
microorganisms which when consumed in adequate number exert beneficial effects in
the host (Hill et al., 2014). Most of the probiotics available on the market are lactic acid
bacteria (LAB) like lactobacilli and streptococci but it is possible to find non-LAB

probiotics such as bifidobacteria.

The use of LAB as functional foods components is of high interest because they are
natural residents of the human gastrointestinal tract (GIT). Furthermore, other
mechanisms could explain the high interest in the use of probiotics as a potential
preventive food against CRC, such as competitive exclusion of pathogenic intestinal
flora (Rafter, 2003), alteration of intestinal flora enzyme activity (Goldin et al., 1984),
reduction of carcinogenic secondary bile acids (De Boever et al., 2000), binding of
carcinogens (Fotiadis et al., 2008), production of anti-tumorigenic or anti-mutagenic

compounds (Zhao et al., 2013).

Sivieri et al. (2008) demonstrated that the oral administration of Enterococcus faecium
CRL 183 resulted in a significant reduction of DMH-induced ACF formation in male
Wistar rats. The consumption of ENT. faecium CRL 183 also leads to a reduced
average number of tumours. They suggested that those effects were likely exerted by

stimulating the immune system.

Kumar et al. (2012) showed that the supplementation of Lactobacillus plantarum AS1 in

male Wistar rats either before initiation or during and selection/promotion phases of
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colon carcinogenesis was to alter antioxidant enzyme activities. The probiotic treatment
was also able to decrease significantly the mean volume diameter and total number of

tumours in rats that have been pre-and post-treated with DMH.

A patrticular fermented milk made from Lactobacillus acidophilus CL1285, L. casei
LBC80OR and L. rhamnosus CLR2 can reduce the incidence, the duration of antibiotic-
associated diarrhoea and Clostridium difficile infections in randomized placebo
controlled (Beausoleil et al., 2007, Gao et al., 2010, Sampalis et al., 2010). These
probiotic bacteria demonstrated antimicrobial capacity (Millette et al., 2007) and are
able to survive the gastrointestinal transit and modulate the intestinal microbiota of
mice (Millette et al., 2008). Moreover, Baldwin et al. (2010) observed a synergistic
effect of probiotic formulation with a chemotherapeutic agent, the 5-fluorouracil (5-FU).
The probiotic bacteria were able to increase the apoptosis-induction capacity of 5-FU by
activating the caspase 3 and reducing the p21 expression. Therefore, it would be

interesting to evaluate its effect on the prevention of colon carcinogenesis.

Besides the reduction and/or inhibition of the formation of ACF, others mechanisms are
investigated concerning the chemopreventive effects of dietary agents against
colorectal carcinogenesis. The mechanisms involved may be the modulation of the
activity of enzyme responsible for the detoxification and excretion of carcinogens like
the xenobiotic metabolizing phase Il enzymes like quinone reductase or glutathione-S-
transferase for example (Sheweita et al., 2003) or the modulation of bacterial enzymes
which are able to catalyse the conversion of procarcinogenic substances into
carcinogenic substances such as B-glucosidase and B-glucuronidase (Simon et al.,
1986).

Thus, the aim of this study was to investigate the effect of a probiotic fermented milk
made of L. acidophilus CL1285, L. casei LBC80OR and L. rhamnosus CLR2 on colon
carcinogenesis in male F344 rats treated with DMH. The effect of the probiotic product
on hepatic detoxifying enzymes (QR and GST) and faecal enzymes (3-glucosidase and
B-glucuronidase) has been evaluated
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11.2 MATERIALS AND METHODS

11.2.1 Chemicals

N,N-Dimethylhydrazine, 1-chloro-2,4-dinitrobenzene (CDNB), methylene blue, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), menadione, glucose 6-
phosphate, glucose 6-phosphate dehydrogenase, ethylenediaminetetraacetic acid
(EDTA), flavin adenine dinucleotide (FAD), bovine serum albumin (BSA), nicotinamide
adenine dinucleotide phosphate (NADP), Tween 20, 4-nitrophenol, L-glutathione
reduced, p-nitrophenyl B-D-glucopyranoside, p-nitrophenyl B-D-glucuronide were

purchased from Sigma-Aldrich Canada Ltd (Oakville, ON, Canada).

11.2.2 Probiotics

A fermented milk graciously provided by Bio-K Plus International Inc. (Laval, QC,
Canada) stored at 4°C and containing at least 50 x 10° colony forming units (CFU)/g of
three (3) strains of a proprietary probiotics formulation: L. acidophilus CL1285, L. casei
LBC80R and L. rhamnosus CLR2 was used. Five doses of FM was prepared: 2 ml (1 x
10° CFU), 1.5 ml (7.4 x 108 CFU), 1 ml (4.9 x 108 CFU), 0.5 ml (2.5 x 10® CFU) and 0.25
ml (1.2 x 10® CFU) to be administrate to the rats.

11.2.3 Animals, housing and diet

Fifty-six F344 male rats aged five weeks and weighing an average of 122.60 + 11.07 g
were obtained from Charles River Laboratories (Laval, QC, Canada) and housed in
stainless wire cages (3 rats / cage). The temperature and the relative humidity were
maintained at 22°C and 55% respectively. The light-dark cycles were 12 hour each. All
the animals had free access to water and rat chow commercial pellets provided by
Harlan (Madison, WI, USA). The composition of the high fat low fibre diet (Harlan) was
39.8% corn starch, 20% casein, 10% malto-dextrin, 10% corn oil, 12% lard, 2%

cellulose, 4.375% mineral mixture, 1.25% vitamin mixture, 0.3% choline bitartrate, 0.3%
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L-cystine and 0.0044% TBHQ (www.harlan.com). All experimental animal care and

treatment followed the guidelines set by the Canadian Council on Animal Care (CCAC).

11.2.4 Experimental design

The rats underwent a one week period of acclimation. After that period, they were
randomly divided into 7 groups of 8 animals. All rats were fed with the high fat low fibre
diet (Harlan). Group 1 (NC) served as negative control and received 0.85% saline
water by gavage. Rats in groups 2 to 7 were injected with DMH dissolved in saline
solution (30 mg/kg subcutaneously.) once a week for six weeks. Group 2 (PC) served
as carcinogen control. In addition to the diet, rats in group 3 to 7 (G3 to G7) were
supplemented by gavage with different doses of fermented milk containing Lactobacillus
acidophilus / L. casei /L. rhamnosus. The doses supplemented for each group were 2,
1.5, 1, 0.5 and 0.25 ml, respectively, for G3, G4, G5, G6 and G7. Animals were
monitored daily for general health and body weights were recorded twice a week for the
duration of the study. After twelve weeks of experimental period, rats were sacrificed in
a CO, chamber. The entire colon segment was collected for AC analysis while the liver
and caecum were removed and stored at -80°C for subsequent enzymatic assays. The

experimental design is described in Fig. 11.
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R itk - DMH injection
|:| Control diet + DMH injection Control diet + 0.25m fermented
I milk = DMH injection
E Coantrol diet + 2ml fermented milk + DMH injection
mﬂﬂﬂl Control diet + 1.5ml fermented milk + DMH injection
% Control diet + 1ml fermented milk + DMH injection

Figure 11 :Representation of the experimental design
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11.2.5 Aberrant crypt analysis

The entire colon of each animal was removed and washed thoroughly with saline water
(0.85% NacCl). They were cut longitudinally and laid flat on Whatman paper in a Petri
dish after they were fixed in 10% buffered formalin solution for at least 24 hours. Then,
the colon was stained with 0.2% methylene blue for 3 min and placed in saline water
overnight for the removal of excess staining. The mucosal side was placed on a glass
slide and examined under microscope using 20X objective for assessment of ACF as

well as the number of AC per focus (Bird, 1995)

11.2.6 Liver and caecum processing

Rats livers from different groups were weighed and samples (1-2 g) were cut from each
liver. A volume of 5 ml of sucrose solution (0.25 M) was added into each sample and
homogenization process was conducted using a tissue homogenizer purchased from
Fisher Scientific (Ottawa, ON, Canada). The homogenized samples were centrifuged at
5 000 x g for 30 min at 4°C and the obtained supernatants were mixed with 0.2 volume
of CaCl2 solution (0.1 M) and were centrifuged at 27 000 x g for 20 min at 4°C. The
supernatants obtained (cytosol) were filtered through a 0.2 um filter membrane and

were used for estimation of protein for GST and QR activities in rat liver.

Rats caecal contents from different treatment groups were weighed and then mixed with
10 ml of 100 mM phosphate buffered saline and finally homogenized. The
homogenization process was conducted using a tissue homogenizer. The
homogenized samples were then centrifuged at 1 508 x g for 15 min at 4 °C and the
obtained supernatants were centrifuged again at 10 000 x g for 15 min at 4°C. The
clear obtained supernatants were filtered throughout a 0.2 um filter membrane and used

for total protein content and B-glucosidase and B-glucuronidase activities.

11.2.7 Protein estimation

Supernatants of rat liver and caecum were used for determination of total protein

content using Pierce BCA protein assay kit purchased from Fisher Scientific (Ottawa,
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ON, Canada) according to the manufacturer’s protocol. Briefly 25 pl of each sample
were added into each well of a 96 wells microplate. Then, 200 pl of BCA solution was
added to the samples wells. For the blank, wells were filled with 225 pl BCA solution.
All microplates were incubated for 30 minutes at 37°C. Absorbance was measured at
562 nm using a microplate reader (EL800 BioTek Winooski, VT, USA). Protein

concentration was determined using BSA as standard.

11.2.8  Quinone reductase (QR) assay

Quinone reductase (EC. 1.6.99.2) assay was conducted using a microplate following a
method described by Kang et al. (2004b) for in vitro assay with some modifications.
Briefly, 30 pl of samples from liver supernatants were deposited into 96-wells
microplate. Distilled water (30 pl) was used a negative control. Then, 200 pl of reaction
mixture were added into each well. 22 ml of reaction mixture was prepared for the
assays, it contains 20.5 ml distilled water, 1.1 ml 0.5 M Tris-HCI buffer pH 7.5, 14.7 mg
BSA, 146.7ul 1.5% Tween 20, 14.7 ul 7.5 mM FAD", 146.7 ul of 150 mM glucose 6-
phosphate, 13.2 pl of 50 mM NADP™, 44 pl of glucose 6-phosphate dehydrogenase, 6.6
mg de tetrazolium blue bromide and 22 pl of 50 mM menadione. The microplate was
incubated for 5 min at room temperature and the optical density (OD) values were
measured in a microplate reader at 595 nm. Specific activity was calculated and
expressed as nM MTT formazan formed per min per mg of protein. The induction of the
activity of QR enzyme for the treated groups was calculated by dividing the enzyme

specific activity of the treated group to the enzyme specific activity for the control.

11.2.9  Glutathione-S-transferase (GST) assay

Glutathione-S-transferase (EC. 2.5.1.18) assay was conducted using the method
described by Sharma et al. (1997) for microplate with some modifications. Briefly, 100
pl of samples from liver supernatants were added into a cuvette. Distilled water (100 pl)
was used as a negative control. A quantity of 1.9 ml of reaction mix (100 ul of 20 mM
CDNB, 100 pul of 20 mM reduced glutathione, 1.7 ml of reagent buffer) were added into

each cuvette. The absorbance was monitored at 340 nm for 5 min using a
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spectrophotometer purchased from Varian Canada Inc. (Mississauga, ON, Canada).
Values of delta O.D were used to calculate the activity of GST. Specific GST activity
was calculated and expressed as nM CDNB conjugate formed per min per mg protein.
Induction of GST enzyme for the treated groups was calculated by dividing the enzyme

specific activity of the treated group to the enzyme specific activity for the control.

11.2.10 B-glucosidase and B-glucuronidase assay

B-glucosidase (EC. 3.2.1.21) and p-glucuronidase (EC. 3.2.1.31) assays were
conducted using respectively p-nitrophenyl B-D-glucopyranoside and p- nitrophenyl 3-D-
glucuronide as substrate, respectively. Briefly, 10 pl of samples from faecal
supernatants were added into a 96-wells microplate. Distilled water (10 ul) was used as
negative control. A volume of 40 pl of reaction mixture were added into each well then
the microplate were incubated at 37°C for 15 min. A 12 ml solution of reaction mixture
containing 3 ml of 5 mM of respective substrate, 3 ml of 100 mM phosphate buffered
saline and 6 ml of distilled water was prepared. The reaction was stopped by adding
250 pl a solution of 0.01 M of NaOH. OD values were measured in a microplate reader
at 405 nm. The activities of both enzymes were calculated based on the standard curve
of p-nitrophenol (0-70 uM). One activity unit is defined as the quantity of enzyme
required to hydrolyse substrate into one UM of p-nitrophenol per minute. Specific 3-
glucosidase and B-glucuronidase activities were calculated and expressed as uM of p-

nitrophenol formed per min per mg protein.

11.2.11 Statistical analysis

Data were analysed by one-way analysis of variance (ANOVA), using the SPSS Base
16.0 software (Stat-Packets statistical analysis software, SPSS Inc., Chicago IL, USA)
and expressed as means * standard deviation. The differences among the groups were

analysed with a post hoc Duncan’s test. Significance was considered at p < 0.05.
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11.3 RESULTS

11.3.1 Effect of the probiotic fermented milk administration on the
number of AC per colon induced by DMH treatment.

The effect of the administration of different doses of fermented milk on the formation of
AC is shown in Fig. 13. Animals in G3 reduced by 47% the total count of AC found in
the colon compared to the PC group. Rats in G4 and G5 were able to reduce by 28 and
35%, respectively, the count of AC compared to the PC group. Rats in G6 showed a
16% reduction of the total count of AC but the results were not statistically different (p =

0.05) when compared to the PC group.
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Figure 12: Effect of increasing doses of L. acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2 probiotic fermented milk on total number of aberrant crypts.
Error bars represent the standard deviation of the mean total AC/colon obtained from 8
rats in each group. G3: DMH + 2 ml fermented milk, G4: DMH + 1.5 ml fermented milk,
G5: DMH + 1 ml fermented milk, G6: DMH + 0.5 ml fermented milk, G7: DMH + 0.25 ml

fermented milk and PC: DMH only. Different letters are significantly different (p < 0.05).
a < 0.05 vs PC group
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11.3.2 Effect of the probiotic fermented milk administration on the
number of ACF per colon induced by DMH treatment.

The incidence of ACF is shown in Fig. 14. All rats treated with DMH developed ACF.
Rats in the groups fed with 2 and 1.5 ml of fermented milk (G3 and G4) were able to
reduce significantly (p < 0.05) total nhumber of ACF by 28% as compared to the
carcinogen control group (PC). Fig. 15
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shows the topographical view of ACF in experimental animals. The histopathological
observations of the colon segment of G4 rats revealed the presence of more normal
crypts than aberrant ones as compared to the segment of rats treated with DMH (PC)

where it is possible to observe at least 3 foci with at least 2 aberrant crypts (Fig. 15b).
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Figure 13: Effect of increasing doses of L. acidophilus CL1285 and L. casei LBC80R and L.
rhamnosus CLR2 probiotic fermented milk on total number of aberrant crypt foci
induced by DMH. Error bars represent the standard deviation of the mean total
ACF/colon obtained from 8 rats in each group. Different letters are significantly different
(p < 0.05) from carcinogen control.

DMH only

Figure 14 : Topographical view of normal and aberrant crypts on the colonic mucosa stained with
methylene blue of rats treated with DMH. (A) Topographical view of G4 colonic
mucosa showing some normal crypt and ACF with 2 crypts (20X). (B) Topographical
view of PC colonic mucosa showing multiple ACF, two with four crypts and one with two
crypts (20X). The arrows shows the crypts (normal and aberrant ones) in the colon

mucosa

11.3.3  Effect of the probiotic fermented milk administration on
the multiplicity of AC per ACF in F344 rats treated with DMH.

The number of AC per focus was also evaluated because there is a direct correlation
between the ACF size and the probability of the colon carcinoma development. The
mean number of crypts per foci is presented in Fig. 16. The results were divided into
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two groups: one presenting foci with 2 or 3 aberrant crypts (2-3AC/ACF) and the other
showing foci with 4 or 5 aberrant crypts (4-5AC/ACF). Results showed that all rats
supplemented with the fermented milk were able to reduce significantly (p < 0.05) the
number of foci containing 4 or 5 aberrant crypts. The rats in groups G3 and G5 were
able to eliminate completely (p < 0.05) the number of foci containing 4 or 5 aberrant
crypts. Rats in groups G4, G6 and G7 showed a significant reduction (p < 0.05) in the
number of AC per focus in the group 4-5 AC/ACF. A respective reduction of 90, 96 and
72% was observed compared to rats in PC group. For the 2-3 AC/ACF, our results
showed that the rats in G3 group were able to lower significantly (p<0.05) the count of

AC per focus by 42% as compared to PC.
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Figure 15: Effect of increasing doses of L. acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR 2 probiotic fermented milk on number of aberrant crypt foci (ACF)
of two to five aberrant crypt induced by DMH. Error bars represent the standard
deviation of the mean of the number of AC per focus obtained from 8 rats in each group.
G3: DMH + 2 ml fermented milk, G4: DMH + 1.5 ml fermented milk, G5: DMH + 1 ml
fermented milk, G6: DMH + 0.5 ml fermented milk, G7: DMH + 0.25 ml fermented milk
and PC: DMH only. Different letters are significantly different (p < 0.05). a < 0.05 vs PC

group.

11.3.4 Effect the administration of the probiotic fermented milk
on (QR) and (GST) activities in F344 rats treated with DMH.

The effect of the fermented milk on the activity of two detoxifying enzymes are
presented in Fig 17 and Fig. 18. Results showed that rats in group G4 and G5 were
able to induce significantly GST activity (p < 0.05). An increase of 154 and 109% of the
enzyme activity was observed, respectively, as compared to the negative control group

(NC). Rats in G3, G4 and G5 were able to induce significantly GST activity as
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compared to the carcinogen control group (PC) (p < 0.05). As for QR, results showed
that all rats treated with DMH had a significant reduction (p < 0.05) of the enzyme
activity as compared to NC group.
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Figure 16: Effect of increasing doses of L acidophilus CL1285, L. casei LBCBOR and L.
rhamnosus CLR2 probiotic fermented milk on glutathione S-transferase induction
in DMH treated F344 rats. Error bars represent the standard deviation of glutathione S-
transferase induction obtained from 8 rats in each group. G3: DMH + 2 ml fermented
milk, G4: DMH + 1.5 ml| fermented milk, G5: DMH + 1 ml fermented milk, G6: DMH + 0.5
ml fermented milk, G7: DMH + 0.25 ml fermented milk, PC: DMH only and NC: saline
water only. Different letters are significantly different (p < 0.05). a < 0.05 vs PC group
and y < 0.05 vs NC group.
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Figure 17: Effect of increasing doses of L acidophilus CL1285, L. casei LBC80OR and L.
rhamnosus CLR2 probiotic fermented milk on quinone reductase induction in DMH
treated F344 rats. Error bars represent the standard deviation of the mean of quinone
reductase induction obtained from 8 rats in each group. G3: DMH + 2 ml fermented milk,
G4: DMH + 1.5 ml fermented milk, G5: DMH + 1 ml fermented milk, G6: DMH + 0.5 ml
fermented milk, G7: DMH + 0.25 ml fermented milk, PC: DMH only and NC: saline water
only. Different letters are significantly different (p < 0.05): a < 0.05 vs PC group and y <
0.05 vs NC group.
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11.35 Effect of the administration of the fermented milk on -
glucosidase and B-glucuronidase activities in F344 rats treated
with DMH.

The activities of B-glucosidase and B-glucuronidase are shown in Fig. 20 and Fig. 21.
The results showed that the activity of B-glucosidase in the carcinogen control (PC)
compared to the negative control (NC) was not different statistically (p > 0.05).
Moreover, supplementation of the highest doses of fermented milk (2, 1.5 and 1ml) did
not affect the activity of 3-glucosidase as compared to NC. But for the rats fed with 0.5
and 0.25 ml fermented milk, the enzyme activity increased significantly (p < 0.05) as
compared to both controls groups (NC and PC). The activity of B-glucuronidase was
reduced significantly (p < 0.05) in rats from G3. The enzymatic activity was reduced by
49% as compared to NC.
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Figure 18: Effect of increasing doses of L acidophilus CL1285, L. casei LBCB8OR and L.
rhamnosus CLR2 probiotic fermented milk B-glucosidase activity in DMH treated
F344 rats. Error bars represent the standard deviation of the mean B-glucosidase
specific activity obtained from 8 rats in each group. G3: DMH + 2 ml fermented milk, G4:
DMH + 1.5 ml fermented milk, G5: DMH + 1 ml fermented milk, G6: DMH + 0.5 ml
fermented milk, G7: DMH + 0.25 ml fermented milk, PC: DMH only and NC: saline water
only. Different letters are significantly different (p < 0.05): a < 0.05 vs PC group.
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Figure 19: Effect of increasing doses of L acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2 probiotic milk of B-glucuronidase activity in DMH treated F344
rats. Error bars represent the standard deviation of the mean B-glucuronidase specific
activity obtained from 8 rats in each group. G3: DMH + 2 ml fermented milk, G4: DMH +
1.5 ml fermented milk, G5: DMH + 1 ml fermented milk, G6: DMH + 0.5 ml fermented
milk, G7: DMH + 0.25 ml fermented milk, PC: DMH only and NC: saline water only.
Different letters are significantly different (p < 0.05): a < 0.05 vs PC group and y < 0.05 vs
NC group.
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11.4 DISCUSSION

In this study, the objectives were to determine the effect of the consumption of a
probiotic fermented milk containing by L. acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2 on the formation of DMH induced ACF in male F344 rats. Then, the
effect of the probiotic formula on two hepatic detoxifying and two faecal enzymes were

evaluated.

The results suggest that the probiotic formula was able to reduce the initial step of CRC
development. Several studies showed the ability of numerous strains belonging to
species L. acidophilus, L .casei and L. rhamnosus to either prevent or inhibit ACF
formation (Rao et al., 1999, Verma et al., 2013b). For instance Chang et al. (2012)
showed that Lactobacillus acidophilus KFRI342 (2 x 10° CFU) was able to reduce
significantly the number of ACF in DMH-induced F344 rats, while Yamazaki et al. (2000)
showed that short and long term oral administration of L. casei Shirota lowered the

number of large ACF.

Although the precise mechanism by which L. acidophilus CL1285, L. casei LBC80R and
L. rhamnosus CLR2 inhibits the formation of ACF is still unknown, we believe that this
effect may proceed through diverse mechanisms including alteration of intestinal
microbiota enzymes (Goldin et al., 1984) enhancement of host immune response (Lee

et al., 2004) and inactivation of carcinogenic compounds (Orrhage et al., 2002).

The phase Il detoxifying enzymes such as QR and GST are widely induced in cells
exposed to xenobiotic. They are able to convert a pro-carcinogen into its inactive form
that could be easily excreted (Wang et al., 1995). An enhancement of those enzymatic
activities are considered to be beneficial for the health since it means that the
carcinogen excretion is also enhanced. This effect is correlated with a protection
against chemically induced tumours as it is demonstrated in many studies (Li et al.,
2014, Sangeetha et al., 2012). For example, Vinothkumar et al. (2014) showed that the
supplementation of increasing doses of troxerutin ranging from 12.5 to 50 mg/kg was
able to induce significantly (p < 0.05) the activities of phase Il enzymes such as GST,
DTD and UDPGD in DMH treated rats.
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GSTs are a family of phase Il enzyme that have an important role in the early stages of
detoxification by eliminating various endogenous and exogenous chemicals that may
have a carcinogenic potential by catalysing the conjugation of glutathione. When an
induction of GST activity is observed in an organism it usually correlates with improved
detoxification potential against harmful compounds (Perez et al., 2010). In fact, an
induction of GST expression by dietary nutrients or drugs enhances the toxicological
defence of normal colon tissue thus reducing their exposure to carcinogens. Our results
are in agreement with previous studies. Muthu et al. (2013) showed that the GST
activity of rats treated with DMH alone was significantly decreased compared to GST
activity from control rats (no DMH). They also demonstrated that umbelliferone
treatment during initiation, post-initiation and the entire experimental period significantly
increased the activity of GST as compared to rats treated with DMH alone.

QR is able to catalyse the reduction of two electron of quinine to protect cells against
mutagenicity and carcinogenicity from free radicals and reactive oxygen species that
can be generated by one electron reduction (Horning et al., 1978). Our results differed
from those obtained in previous studies. For example, Khan et al. (2011) demonstrated
that rats supplemented with different doses of farnesol (50 and 100 mg/kg) significantly
increased (p < 0.01) QR- activity compared to rats treated with DMH only. GST- is
considered to be the major detoxifying enzyme, an increase in its activity is the primary
defence against xenobiotic compounds (Coles et al.,, 2003). The induction of GST
activity by the highest doses of probiotics favours the elimination of carcinogenic
compounds. Taking into account these information, it could be hypothesized that the
organism was detoxified by GST activity enhancement explaining the fact that the
supplementation of probiotics did not have any effect on QR activity.

B-glucosidase and B-glucuronidase, two faecal enzymes are capable of deconjugating
toxins and/or carcinogens that have been previously detoxified in the liver by
glucuronide conjugation. A reduction in the activity of those enzymes can lead to a
reduced exposure to carcinogenic substance thus a reduction in the incidence of CRC
(Goldin et al., 1984, Verma et al., 2013a). B-glucuronidase catalyse the hydrolysis of
glucuronide conjugate which generate toxic and carcinogenic substance (Chipman,

1982) and B-glucosidase catalyse the hydrolysis of terminal non-reducing in B-D-
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glucosides which induced the release of toxic colonic mutagens and carcinogens.
Various studies using animal models showed the ability of other probiotic preparations
to decrease the activity of those enzymes (Chang et al., 2012, Verma et al., 2013b) and
some clinical studies also demonstrated the same inhibitory effects (De Preter et al.,
2007, Goldin et al., 1984). A study conducted by Asha et al. (2012) demonstrated that
mice fed with L. fermentum (2 x 10® CFU/g diet), L. plantarum (2 x 10® CFU/g diet) and
vincristine alone decreased the activity of B-glucosidase by 70.4, 46.68 and 70.94%
respectively. The authors also showed that when fed with L. fermentum (2 x 10® CFU/g
diet), L. plantarum (2 x 10° CFU/g diet) and vincristine alone, the activity of pB-
glucuronidase in mice decrease significantly by 43.55, 35.49 and 54% respectively.
Concerning B-glucosidase, our results disagree with previous studies unlike the results
obtained for B-glucuronidase activity. The secretion of those faecal enzymes in large
amount imply an unbalanced intestinal microbiota that could lead to the development of
CRC. Those enzymes are mostly produced by many., Peptostreptococcus sp.,
Staphylococcus sp., Clostridium sp. (Cl. paraputrificum, CI. clostridioforme, CI.
perfringens), Bacteroides sp. (B. vulgatis, B. uniforme, B. fragilis), Enterococcus sp
Ruminococcus (gnavus), Eubacterium sp. and Escherichia coli (Dabek et al., 2008, de
Moreno de LeBlanc et al., 2005, Nakamura et al., 2002). Since probiotics can modify
the microbiota by favouring the growth of lactobacilli and bifidobacteria it could be
hypothesized that the administration of the fermented milk at the highest dose inhibit the
growth of those bacteria in the rat colon leading to a reduction of the production of (-

glucuronidase thus a reduction on its enzymatic activity.

As for B-glucosidase, it's not only synthesized by anaerobic bacteria but also by some
lactobacilli strains. It is possible that high doses of fermented milk inhibit the growth of
the anaerobic bacteria. This result in the reduction of B-glucosidase produced, while the
presence of the lactobacilli strains in the milk contribute to the production of this
enzyme. However, the lowest doses inhibit the growth of the anaerobic bacteria thus
reducing the production of B-glucosidase. However lactobacilli can also produce that

enzyme an enhancement of the enzymatic activity might be possible.

Some of the previous studies realised have already highlighted important properties of

the probiotics present in this specific fermented milk like their antimicrobial effect, their
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ability to modulate the microbiota, to act in a synergetic manner with fluorouracil
inducing apoptosis in colon cancer cells, their reducing effect on antibiotic-associated
diarrhoea and Clostridium difficile infections incidence (Baldwin et al., 2010, Gao et al.,
2010, Millette et al., 2007). This one showed that they also have a great potential as
chemopreventive agent against CRC. When taking all this information into account, it is
possible to suggest the consumption of a fermented milk containing L. acidophilus
CL1285, L. casei LBC80OR and L. rhamnosus CLR2 as part of a diet to either maintain or
establish a heathy environment in the colon.
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11.5 CONCLUSION

This study demonstrated that a specific probiotic fermented milk containing L.
acidophilus CL1285 L. casei LBC80R and L. rhamnosus CLR2 could have a preventive
effect against colon carcinogenesis by decreasing the total number of ACF in DMH-
treated rats. Treatments consisting of the highest doses significantly enhanced the
hepatic GST activity as compared to the control. It could also be concluded that the
induction of hepatic detoxifying enzymes and the reduction of the faecal bacterial
enzymes could represent some mechanisms of action in prevention of ACF formation in
DMH-treated rats. Further investigation are undergoing to determine which component
from the fermented milk is responsible for inducing or inhibiting the enzymatic activities
involved in the carcinogenesis of CRC and other are needed to determine whether the
carrier nature affect the ability of the probiotic to reduce the early stages of colorectal

carcinogenesis.
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Résumé :

L’effet de fractions obtenues a partir d’'un lait fermenté et des composantes
membranaires extraits d’'une biomasse contenant L. acidophilus CL1285, L. casei
LBC8OR et L. rhamnosus CLR2 sur la prévention du cancer du cb6lon chez des rats
traités avec le diméthylhydrazine (DMH) a été étudié. Les rats ont été divisés en sept
groupes de huit. Tous ont été nourris avec une diéte riche en gras et faible en fibres, le
groupe 1 a servi de controle négatif et le groupe 2 de contréle probiotique. Les rats des
groupes 3 a 7 ont été injectés avec le DMH (30mg/kg s.c) une fois par jour durant six
semaines. Le groupe 3 est considéré comme étant le contréle positif. Les rats des
groupes 4 a 7 ont été gavé quotidiennement avec le surnageant et le culot du lait
fermenté et les composants membranaires respectivement. Aprés 12 semaines, les
rats ont été sacrifiés et leurs colons, caecum et foies ont été prélevé. La présence de
foyers de cryptes aberrantes (FCA) au niveau du colon a été déterminée par
observation au microscope. L’activité des enzymes détoxifiantes du foie comme la
quinone réductase (QR) et la glutathionne-S-transférase (GST) et fécales comme la 3-
glucuronidase et la B-glucosidase a été évalué par spectrométrie. Les rats des groupes
5 a 7 ont significativement (p < 0.05) moins de cryptes aberrantes (CA) and FCA
comparé au groupe 3. Les rats nourris avec le culot ont une activitt de QR
significativement (p < 0.05) plus faible comparé au groupe 3. L’administration du culot a
également diminué significativement (p < 0.05) I'activité de la B-glucuronidase. Ces
résultats indiquent que I'administration du FM et des métabolites relachés durant la

fermentation du lait pourrait jouer un réle dans la prévention du cancer colorectal.

Mots clés : bactéries probiotiques, cancer colorectal, foyers de cryptes aberrantes,

fractions de lait fermenté, antinéoplasiques, composants membranaires
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ASTRACT

The effect of fractions obtained from a specific probiotic fermented milk (FM) and cell
wall constituents (CW) extracted from a biomass containing L. acidophilus CL1285, L.
casei LBC8OR and L. rhamnosus CLR2 on colon carcinogenesis in male F344 rats
treated with 1,2-dimethylhydrazine (DMH) was investigated. The rats were divided into
seven groups of eight. All were fed with a high fat low fiber diet; group 1 (NC) served as
negative control while group 2 (FMC) served as probiotic control. Groups 3 to 7were
injected with DMH (30 mg/kg s.c) weekly for six weeks. Group 3 served as positive
control (PC). In addition to the DMH, groups 4 to 7 received respectively (FM),
fermented milk supernatant (S), fermented milk pellet (P) and (CW) through gavage.
After 12 weeks, the rats were sacrificed and the colon, caecum and liver were collected.
Number of aberrant crypt foci (ACF) observed on the mucosa of the collected colon
were determined using a microscope. Detoxifying enzymes like quinone reductase
(QR) and glutathione-S-transferase (GST) and faecal enzymes such as [(-glucosidase
and B-glucuronidase were evaluated by spectrophotometry. Rats in group 5 to 7 had
significantly lowered AC and ACF count as compared to the PC (p < 0.05). Rats
administrated with P were able to induce QR activity compared to PC (p < 0.05). Also
along with rats supplemented with FM they were able to significantly reduce [-
glucuronidase activity (p < 0.05). These results indicated that supplementaion of FM
containing probiotic bacteria and their metabolites released during the fermentation

could prevent the development of colorectal carcinogenesis

Keywords: probiotic, colorectal cancer, aberrant crypt foci (ACF), fractions od

fermented milk, cell wall, anticancer.
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12.1 INTRODUCTION

According to GLOBOCAN, colorectal cancer (CRC) is the third most common cancer in
men (746,000 cases) and the second in women (614,000 cases). There’s a high
variability within the incidence of CRC worldwide and 55% of cases occur in more
developed countries (Globocan, 2012). Numerous epidemiological studies associate
the high incidence of CRC to a “western pattern diet”. Western diet mean a diet with
higher intake of red and/or processed meat, processed food, sweets intake and low
intake of fruits, vegetables, dietary fiber. Those studies suggest that modulating the
eating habits could either decrease or prevent the risk of developing CRC (Miller et al.,
2010, Randi et al., 2010). Besides the diet, there’s also a strong link between CRC and
the colon microflora since the presence of some bacteria like E. coli, Bacilus fragilis

increase the risk of the disease (Dove et al., 1997, Kado et al., 2001).

Probiotics are defined as live microorganism which when consumed in adequate
amounts exert beneficial effect with the host health (Hill et al., 2014). Although they are
consumed as dietary supplements, probiotics can also be included in fermented or
unfermented foods (Forssten et al., 2011). The carrier widely use are fermented dairy
products like yogurt and yogurt type drinks (McDonough et al., 1987). Furthermore,
probiotic can be included in food system or food products like cheese (Ibrahim et al.,
2010) or soy based foods (Rekha et al., 2010). Studies showed that fermented dairy
products have many health promoting effects such as improvement of lactose
metabolism, regulate the body mass, reduction of serum cholesterol and reduction of
cancer risk (Ebringer et al., 2008, Malik et al., 2003, Vasiljevic et al., 2008). The
bioactive properties of the fermented dairy products are attributed to the presence of
probiotic bacteria (the whole microorganism and the cell wall components) and their
metabolites released during milk fermentation like bioactive peptides sequences and

extracellular polysaccharides (Korhonen et al., 2003, Vinderola et al., 2006).

In a previous study conducted by Desrouilleres et al. (2015) it was reported 2 ml of a

specific fermented milk containing Lactobacillus acidophilus CL1285, L. casei LBC80R
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and L. rhamnosus CLR2 was able to significantly reduce the formation and the
multiplicity of aberrant crypts (Acs), the activity of B-glucuronidase and also induce the

activity of gluthatione S-transferase (GST).

Thus the aim of this study was to investigate whether the cancer preventive effect of the
fermented milk was due to the presence of probiotic Lactobacillus acidophilus CL1285,
L. casei LBC80OR and L. rhamnosus CLR2 (pellet of fermented milk), the peptides and
the exopolysaccharides release during the fermentation process (supernatant of
fermented milk) or the cell wall constituents (CW) of the three strains of probiotic

extracted from a biomass individually or the combination of all the components..
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12.2 MATERIALS AND METHODS
12.2.1 Chemicals

N,N dimethylhydrazine, 1-chloro-2,4-dinitrobenzene, Methylene blue, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), menadione, glucose 6-
phosphate, glucose 6-phosphate dehydrogenase, EDTA, FAD®, Bovine Serum
Albumine (BSA), Tween 20, 4-nitrophenol, L Glutathione reduced, p-nitrophenol, p-
nitrophenyl B3-D-glucopyranoside, p-nitrophenyl (3-D-glucuronide were purchased from
Sigma Chemical Co (Sigma-Aldrich, Oakville, ON, Canada).

12.2.2 Sample preparation

a) Preparation of the components from the fermented milk

A fermented milk graciously provided by Bio-K Plus International Inc. was stored at 4°C
containing at least 50 x 10° colony forming units (CFU) of three (3) strains of a
proprietary probiotics formulation: L. acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2 was used in this study. The fermented milk (FM) was centrifuged at
9000xg for 30 minutes at 4°C, the pellet (P) and supernatant (S) obtained were kept for

the rest of the experimentation.

b) Cell wall constituents extraction

i. Physical treatment

A biomass containing L. acidophilus CL1285, L. casei LBC80R and L. rhamnosus CLR2

was used in this study for cell wall extraction (CW).

The first step consisted in a centrifugation of the biomass at 9 000 xg for 30 minutes at
4°C. The obtained pellets were washed with phosphate buffer 10 mM (pH 7.2) then
suspended in the same buffer at a ratio of 1:4 (w/v). The obtained suspension was
firstly heated at a temperature of 65°C for 40 minutes, then submitted to ultrasound in
500 W, 20 KHz (Q500, QSONICA, Newtown, CT, USA) using 1 s™ pulse on and 1 s™
pulse off with 40% acoustic power (amplitude) for 30 minutes at 4°C. The ultrasonic
samples were centrifuged at 8 00xg for 30 minutes; the supernatant was recovered and
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subjected to ultracentrifugation at 500009 for 30 minutes. The pellet was collected and
suspended in 10 ml of 200mM Tris-HCI buffer pH 7.5 (Kim et al., 2002, Signoretto et al.,
1998)

ii. Enzymatic treatment

The pellet obtained in the previous step was firstly incubated under agitation with 50pl of
a-amylase (20mg/ml) for 2 hours at 37°C. Then, 50ul of MgSO4 (1M), 100ul of DNase
(Img/ml), 100ul of RNase (50mg/ml) were added and the solution was incubated at
37°C under agitation for 2 hours. Finally, 100ul of trypsin (10mg/ml) and 10ul of 1M
CaCl, were added and the samples was incubated overnight under agitation. After the
incubation, 3.5ml of 4% SDS (w/v) was added in the 10ml of samples and heated at
100°C for 15 minutes. The samples were centrifuged at 30000g for 30 minutes. The
new obtained pellet was washed with distilled water (4X), and then with different
solution: LiCl (8M), EDTA (100mM) and acetone. Each solution was used twice to wash
the pellet. The washed pellets were mixed with 10ml of (NH,4).CO3; and 250ul of alkaline
phosphatase (1mg/ml) and incubated overnight at 37°C under agitation. Then the
sample was heated at 100°C for 5 minutes and centrifuged at 30000g for 45 minutes.
The obtained pellet was washed with distilled water (2X), suspended in water and
lyophilized. The obtained powder were weighed and kept at -20°C until used
(Signoretto et al., 1998).

12.2.3 Animals, housing and diet

Fifty-six F344 male rats aged between five and six weeks and weighing an average of
104.5 + 4.73g were obtained from Charles River Laboratories (Laval, Québec, Canada)
and housed in stainless wire cages (3 rats / cage). The temperature and the humidity
were maintained at 22°C and 55% respectively. The light-dark cycles were 12 hour
each. All the animals had free access to water and rat chow commercial pellets
provided by Harlan (Madison, WI, USA). The composition of the high fat low fiber diet
(Harlan) was 39.8% corn starch, 20% casein, 10% malto-dextrin, 10% corn oil, 12%

lard, 2% cellulose, 4.375% mineral mixture, 1.25% vitamin mixture, 0.3% choline
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bitartrate, 0.3% L-cystine and 0.0044% TBHQ (www.harlan.com). All experimental
animal care and treatment followed the guidelines set by the Canadian Council on
Animal Care (CCAC).

12.2.4 Experimental design

The rats underwent a one week period of acclimation. After that period, they were
randomly divided into 7 groups of 8 animals. All rats were fed with the high fat low fiber
diet (Harlan). Group 1 (NC) served as negative control and received 0.85% saline
water by gavage. Rats in group 2 (FMC) served as probiotics control. Rats in groups 3
to 7 were injected with DMH dissolved in saline solution (30mg/kg subcutaneously)
once a week for six weeks. Group 3 (PC) served as carcinogen control. In addition to
the diet, rats in group 4 to 7 (G4 to G7) were supplemented by gavage with different
probiotic treatments The components supplemented were: the whole fermented milk
(FM), fermented milk supernatant (S), pellet of the fermented milk (P) and cells walls
(CW) respectively for G4, G5, G6 and G7. Animals were monitored daily for general
health and body weights were recorded twice a week for the duration of the study. After
twelve weeks of the experimental period, the rats were sacrificed in a CO, chamber.
The colon were collected for AC analysis while the liver and caecum were removed and

stored at -80°C for subsequent enzymatic assays..

12.2.5 Aberrant crypt analysis

The entire colon for each animal was removed and washed thoroughly with saline water
(0.85% NaCl). They were cut longitudinally and laid flat on Whatman paper in a Petri
dish after they were fixed in 10% buffered formalin solution for at least 24 hours. Then,
the colon was stained with 0.2% methylene blue for 3 min and placed in saline water
overnight for the removal of excess staining. The mucosal side was placed on a glass
slide and examined under microscope using 20X objective for assessment of ACF as

well as the number of aberrant crypt per focus (AC) (Bird, 1995).
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12.2.6 Liver and caecum processing

Rat livers from different groups were weighed and samples (1-2g) were cut from each
liver. A volume of 5ml of sucrose solution (0.25M) was added into each sample and
homogenization process was conducted using a tissue homogenizer (Fisher Scientific
Tissuemiser homogenizer, Canada). The homogenized samples were centrifuged at
5000xg for 30 min at 4°C and the obtained supernatants were mixed with 0.2 volume of
CaCl, solution (0.1M) and were centrifuged at 27000xg for 20 min at 4°C. The
supernatants obtained (cytosol) were filtered through a 0.2um filter membrane and were
used for estimation of protein in rat liver and glutathione-S-transferase (GST) and

guinone reductase (QR) activities.

Rat caecal contents from different treatment groups were weighed and then mixed with
10ml of 100mM phosphate buffered saline and finally homogenized. The
homogenization process was conducted using a tissue homogenizer. The
homogenized samples were then centrifuged at 3500 rpm for 15 min at 4 °C and the
obtained supernatants were centrifuged again at 10000xg for 15 min at 4°C. The clear
obtained supernatants were filtered throughout a 0.2um filter membrane and used for

total protein content and B-glucosidase and B-glucuronidase activities.

12.2.7 Protein estimation

Supernatants of rat liver and caecum were used for determination of protein content
using BCA kit (Pierce BCA protein assay, Fisher Scientific, Canada) according to the
manufacturer’s protocol. Briefly 25 ul of each sample were added into each well of a 96
wells microplate. Then, 200 pl of BCA solution was added to the samples wells. For
the blank, wells were filled with 225 ul BCA solution. All microplate were incubated for
30 minutes at 37°C. Absorbance was measure at 562 nm using a microplate reader
(EL800 BioTek Instruments Inc.). Protein concentration was determined using bovine
serum albumin (BSA) as standard.
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12.2.8 Quinone reductase (QR) assay

Quinone reductase (EC. 1.6.99.2) assay was conducted using a microplate following a
method described by (Kang et al., 2004b) for in vitro assay with some modifications.
Briefly, 30ul of samples from liver supernatants were deposited into 96-wells microplate.
Distilled water (30ul) was used a negative control. Then, 200ul of reaction mixture
containing 20.5ml distilled water, 1.1ml 0.5M Tris-HCI buffer pH 7.5, 14.7 mg BSA,
146.7ul 1.5% Tween 20, 14.7ul 7.5mM FAD", 146.7ul of 150mM glucose 6-phosphate,
13.2ul of 50mM NADP*, 44ul of glucose 6-phosphate dehydrogenase, 6.6mg de
tetrazolium blue bromide and 22ul of 50mM menadione was added into each well. The
microplate was incubated for 5 min at room temperature and the optical density (OD)
values were measured in a microplate reader (EL800, BioTek Instruments Inc.) at
595nm. Specific activity was calculated and expressed as nM MTT formazan formed
per min per mg of protein. The induction of the activity of QR enzyme for the treated
groups was calculated by dividing the enzyme specific activity of the treated group to
the enzyme specific activity for the control.

12.2.9 Glutathione-S-transferase (GST) assay

Glutathione -S-transferase (EC. 2.5.1.18) assay was conducted using the method
described by (Sharma et al., 1997) for microplate with some modifications. Briefly,
100ul of samples from liver supernatants were added into a cuvette. Distilled water
(100ul) was used as a negative control. A quantity of 2ml of reaction mix (100ul of
20mM 1-chloro-2, 4-dinitrobenzene [CDNB], 100ul of 20mM reduced glutathione, 1.7ml
of reagent buffer) were added into each cuvette. The absorbance was monitored at 340
nm for 5min using a spectrophotometer (Varian Inc.). Values of delta O.D were used to
calculate the activity of GST. Specific GST activity was calculated and expressed as
nM CDNB conjugate formed per min per mg protein. Induction of GST enzyme for the
treated groups was calculated by dividing the enzyme specific activity of the treated

group to the enzyme specific activity for the control.
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12.2.10 B-glucosidase and B-glucuronidase assay

B-glucosidase (EC. 3.2.1.21) and p-glucuronidase (EC. 3.2.1.31) assays were
conducted using respectively p-nitrophenyl 3-D-glucopyranoside and p- nitrophenyl 3-D-
glucuronide as substrate respectively. Briefly, 10 ul of samples from caecal
supernatants were added into a 96-wells microplate. Distilled water (10 ul) was used as
negative control. A volume of 40 pul of reaction mixture (A stock solution (12 ml) was
prepared, it contained :3 ml of 5 mM of respective substrate, 3 ml of 100 mM phosphate
buffered saline and 6 ml of distilled water) were added into each well then the
microplate were incubated at 37°C for 15 min. The reaction was stopped by adding 250
pl of a solution of 0.01 M of NaOH. OD values were measured in a microplate reader at
405 nm. The activities of both enzymes were calculated based on the standard curve of
p-nitrophenol (0-70 uM). One activity unit is defined as the quantity of enzyme required
to hydrolyse substrate into one uM of p-nitrophenol per minute. Specific B-glucosidase
and B-glucuronidase activities were calculated and expressed as pM of p-nitrophenol

formed per min per mg protein.

12.2.11 Statistical analysis

Data were analysed by one-way analysis of variance (ANOVA), using the SPSS Base
16.0 software (Stat-Packets statistical analysis software, SPSS Inc., Chicago IL) and
expressed as means * standard deviation. The differences among the groups were

analysed with a post hoc Duncan’s test. Significance was declared at p < 0.05.
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12.3 RESULTS

12.3.1 Effect of different components from a specific fermented
milk and cell wall extracted from a biomass containing L.
acidophilus CL1285, L. casei LBC80R and L. rhamnosus CLR2
administration on the number of AC per colon induced by DMH
treatment

The effect of the administration of the fermented milk (FM) and its different components
on the formation of AC is shown in Fig. 2. Results showed that all rats administrated
with the FM or its different fractions have significantly lowered the count of AC
compared to the carcinogen control group (PC). Animals in group G4 (FM) showed a
count of AC significantly lower compared to the positive control group. by 43% the total
count of AC found in the colon compared to the PC group. Rats in G5 (S) and G6 (P)
were able to reduce by more than 50% the count of AC compared to the PC group. The
reduction was by 58 and 57% respectively. Rats in G7 (CW) showed a 34% reduction
of the total count of AC (p < 0.05) when compared to the PC group.
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Figure 20 : Effect of different components from a specific fermented milk and cell wall extracted
from a biomass containing L. acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2 on total number of aberrant crypts. Error bars represent the
standard deviation of the mean total AC/colon obtained from 8 rats in each group. G4:
DMH + 2 ml fermented milk (FM), G5: DMH + fermented milk supernatant (S), G6: DMH
+ fermented milk pellet (P), G7: DMH + cell wall constituents (CW) PC: DMH only.
Different letters are significantly different (p < 0.05).

12.3.2 Effect of different components from a specific fermented
milk and cell wall extracted from a biomass containing L.
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acidophilus CL1285, L. casei LBC80R and L. rhamnosus CLR2
administration on the number of ACF per colon induced by DMH
treatment.

The incidence of ACF is shown in Fig. 22. All rats treated with DMH developed ACF.
Rats in the groups fed with FM (G4) were able to reduce significantly (p < 0.05) the total
number of ACF by 43% as compared to the carcinogen control group (PC). Rats fed
with S (G5), P (G6) and CW (G7) were also able to significantly (p < 0.05) reduce the
number of ACF by 52%, 51% and 20% respectively.
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Figure 21 : Effect of different components from a specific fermented milk and cell wall extracted
from a biomass containing L. acidophilus CL1285, L. casei LBC8OR and L.
rhamnosus CLR2 on total count of aberrant crypt foci. Error bars represent the
standard deviation of the mean total ACF/colon obtained from 8 rats in each group. G4:
DMH + 2 ml fermented milk (FM), G5: DMH + fermented milk supernatant (S), G6: DMH
+ fermented milk pellet (P), G7: DMH + cell wall constituents (CW) PC: DMH only.
Different letters are significantly different (p < 0.05).

12.3.3 Effect of different components from a specific fermented
milk and cell wall extracted from a biomass containing L.
acidophilus CL1285, L. casei LBC80OR and L. rhamnosus CLR2
administration on the multiplicity of AC per ACF in F344 rats
treated with DMH.

A foci can be constituted by more than one aberrant crypt (AC) and when it present 2 or
more AC, the probability of that foci to become a carcinoma is higher. The number of
AC/ACF was also evaluated and the mean number of crypts per foci is presented in
Fig.23. The results were divided into two groups: one presenting foci with 2 or 3
aberrant crypts (2-3AC/ACF) and the other one showing foci with 4 or 5 aberrant crypts
(4-5AC/ACF). Results showed that all rats supplemented with the fermented milk or its
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components were able to reduce significantly the crypts number per foci crypts. Rats in
G4 (FM) and G6 (P) were able to eliminate the number of foci containing 4 or 5 aberrant
crypts. Rats in G5 (S) and G7 (CW) were able to reduce the number crypt per foci in
the group 4 or 5 aberrant crypts by 88% and 91% respectively (p < 0.05). For the 2-
3AC/ACF, groups G4, G5, G6 and G7 lowered the count of AC per focus by 34%, 59%,
58% and 45% respectively (p < 0.05).
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Figure 22 : Effect of different components from a specific fermented milk and cell wall extracted
from a biomass containing L. acidophilus CL1285, L. casei LBC8OR and L.
rhamnosus CLR2 on number of aberrant crypt foci (ACF) of two to five aberrant
crypt induced by DMH. Error bars represent the standard deviation of the mean of the
number of AC per focus obtained from 8 rats in each group. G4: DMH + 2 ml fermented
milk (FM), G5: DMH + fermented milk supernatant (S), G6: DMH + fermented milk pellet
(P), G7: DMH + cell wall constituents (CW) PC: DMH only. Different letters are
significantly different (p < 0.05).

Figure 23 : Topographical view of normal and aberrant crypts on the colonic mucosa stained with
methylene blue of rats treated with DMH. (A) Topographical view of PC colonic
mucosa showing multiple ACF, one with four crypts, one with 2 crypts and the last two
one are ACF with a single crypt (20X). (B) Topographical view of G4 colonic mucosa
showing multiple ACF, one with two crypts and the last two ones are single crypt ACF
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(20X). The arrows shows the crypts in the colon mucosa. G4: DMH + 2 ml fermented
milk (FM), PC: DMH only.

12.34 Effect of the administration of different components
from a specific fermented milk and cell wall extracted from a
biomass containing L. acidophilus CL1285, L. casei LBC80R and
L. rhamnosus CLR2 on (QR) and (GST) activities in F344 rats
treated with DMH

The effect of the fermented milk on the activity of two detoxifying enzymes are
presented in Fig 25 and Fig. 26. Results showed that only rats in G2 were able to
induce significantly GST activity (p < 0.05) by 53% as compared to the negative control
group (NC). Rats in G3, G4 and G6 were not significantly different when compared to
the NC group (p 2 0.05). As for QR, results showed that only rats in G6 were able to

significantly increase the activity of the enzyme (p < 0.05) by compared to the PC group.
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Figure 24 : Effect of different components from a specific fermented milk and cell wall extracted
from a biomass containing L. acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2 on glutathione S-transferase activity. Error bars represent the
standard deviation of the mean of glutathione S-transferase induction obtained from 8

rats in each group. Different letters are significantly different (p < 0.05) from carcinogen
control.

in
=

Induction QR (treated/control)

=
in
=

be
ab
a
a
a i i i
PC GT Gi G5 G4 FMC NC
Groups

131



Figure 25 : Effect of different components from a specific fermented milk and cell wall extracted
from a biomass containing L. acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2 on quinone reductase. Error bars represent the standard deviation
of the mean of quinone reductase induction obtained from 8 rats in each group. Different
letters are significantly different (p < 0.05) from carcinogen control

12.3.5 Effect of the administration of different components from a
specific fermented milk and cell wall extracted from a biomass
containing L. acidophilus CL1285, L. casei LBC80OR and L.
rhamnosus CLR2on B-glucosidase and B-glucuronidase activities
in F344 rats treated with DMH.

The activities of B-glucosidase and B-glucuronidase are shown in Fig. 27 and Fig. 28.
The results showed that the activity of B-glucosidase in the carcinogen control (PC)
compared to the negative control (NC) was different statistically (p < 0.05). Moreover,
only rats in probiotic control group (FMC) were able to significantly reduce (p < 0.05) the
activity of B-glucosidase compared to both negative and positive controls groups. The
reduction rate was 40% when comparted to NC group. The activity of B-glucuronidase
was reduce significantly (p < 0.05) by rats in G4 (FM) and G6 (P). The enzymatic
activity was reduced by 36% and 31% as compared to NC respectively. While rats in

G3 and G7 were able to significantly increase the activity
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Figure 26 : Effect of different components from a specific fermented milk and cell wall extracted
from a biomass containing L. acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2 on B-glucosidase activity. Error bars represent the standard
deviation of the mean of B-glucuronidase specific activity obtained from 8 rats in each
group. Different letters are significantly different (p < 0.05) from carcinogen control

132



L
=

Specific f-glucuronidme
(Units /mg protein of caeccum)
=

=
d
c
b
j i a ;
PC GT G6 G5 G4

FMC NC

o
=

Groups

Figure 27 : Effect of different components from a specific fermented milk and cell wall extracted
from a biomass containing L. acidophilus CL1285, L. casei LBC80R and L.
rhamnosus CLR2 on B-glucuronidase activity. Error bars represent the standard
deviation of the mean of B-glucuronidase specific activity obtained from 8 rats in each
group. Different letters are significantly different (p < 0.05) from carcinogen control
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12.4 DISCUSSION

The aim of this was firstly to determine the effect of the consumption of the different
fractions (S and P) of a specific probiotic FM containing a mixture of bacteria (L.
acidophilus CL1285, L. casei LBC80R and L. rhamnosus CLR2) and the CW constituents
extracted from a biomass containing those bacteria on the formation of DMH-induced ACF
in male F344 rats. Then, the effect of those dietary supplements on two hepatic
detoxifying and two caecal enzymes were evaluated. The fractions were obtained by
centrifugation of the fermented milk. It was able to concentrate different components
either in the pellet or the supernatant depending on the molecular weight. The pellet will
probably contain the probiotic bacteria and proteins while the supernatant will contain
mostly derived-peptides from casein and/or whey proteins and it may also have some
exopolysaccharides.

ACF are abnormal crypt found in the colon mucosa, they differ from normal crypt by a
number of properties such as: altered luminal openings, thickened epithelial and larger
surface. They are considered as the precancerous lesions to colorectal adenomas and

biomarker for colorectal carcinoma (Yokota et al., 1997).

Our results showed a significant (p < 0.05) reduction of the ACF count and the number of
AC per colon in all rats that were administrated with the dietary supplements as compared
to rats in PC group. Apart from the total number of AC, the number of AC per foci also
decreased. Rats fed with S (G5) and P (G6) have a significant (p < 0.05) lower count of
AC and AC per focus compared to rat fed with the whole fermented milk (G4). Those
result suggest that the pellet and the supernatant have a greater inhibitory effect on AC

formation than whole FM.

The mechanism involve in the inhibition of the ACF formation is still not fully known but it’s
believed that this effect may proceed through the alteration of microbial enzymes (Goldin

et al., 1984), enhancement of the immune system (Lee et al., 2004), inactivation of
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carcinogenic compounds (Orrhage et al., 2002), alteration of the pH colonic environment
(Wollowski et al., 2001) and the microbial community (Bertkova et al., 2010).

Some studies showed that the consumption of probiotic via FM could re-establish the
balance of the intestinal microbiota (Lourens-Hattingh et al., 2001). For instance, after
consumption of FM containing Bifidobacterium., this bacteria tend to become a part of the
intestinal microbiota and also after consumption of FM containing L. casei, there’s a
remodelling of the gut microbiome by influencing the existing microbial community
(Gogineni et al.,, 2013). While other studies showed the effect of FM on the immune
system, Nanno et al. (2011) demonstrated that the daily administration of a FM containing
L. casei Shirota during 3 weeks restored the activity of natural killer (NK) cells in healthy
subject, also an induction of macrophages activation and TNF-a production was observed

in rats fed with L. rhamnosus GC B. adolesentis bacterial extracts (Bertkova et al., 2010).

Numerous studies have demonstrated the immunomodulatory effects of peptides-derived
from casein and whey and exopolysaccharides (Nishimura-Uemura et al., 2003, Vinderola
et al., 2007). They are able to enhance the immune system by the stimulation and
regulation of cytokine production, increasing macrophage production (Ciszek-Lenda et al.,
2011, Medrano et al., 2011, Ng et al., 2002). Bermudez-Brito et al. (2013) investigated
the immunomodulatory effect of Bifidobacterium breve CNCM [-4035 and its cell free
supernatant in human like dendritic cells (DC); they found that both live bacteria and the
supernatant were able to modify the release of cytokines by different pathway; the
supernatant decrease the pro-inflammatory cytokines while B. breve induce their release.

The molecules in the supernatant (cell or bacterial-free fraction) of a FM have also proved
their antiproliferative property (Cousin et al., 2012, Escamilla et al., 2012). Wan et al.
(2014) demonstrated that supernatant from L. debrurckii was able to efficiently inhibit the

proliferation and induce apoptosis in colon cancer cells.

As for the probiotic cell wall, some studies showed their ability to modify the immune
system (Kolling et al., 2015, Sun et al., 2005b) while other demonstrated their capacity to
bind mutagenic compounds thus preventing gut mutagenicity and ultimately prevent colon

cancer (Sreekumar et al., 1998, Zhang et al., 1990). Our results are in agreement with
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previous studies since it seems that all the dietary supplements have a potential to exert

one of the mechanism by which the formation of ACF is inhibited.

The effect of the probiotic dietary supplements on the activity of two detoxifying enzymes:
quinone reductase (QR) and glutathione S-transferase (GST) were assayed. The
induction of these two enzymes an important mechanism of chemoprevention (Goyal,
2012). QR facilitate the excretion of quinones resulting from the metabolism of
hydrocarbon by the reduction of two electron (Benson et al., 1980) and GST is involved in
the detoxification of xenobiotic agents by catalyzing the conjugation of GSH, it's also
implicated in the elimination of peroxide that are formed during the metabolism (Shih et
al., 2007).

None of the rats treated with DMH that receive the dietary treatment was able to induce
GST activity. As for QR, rats fed with the pellet induce significantly (p < 0.05) the enzyme

activity compared to PC group.

GST is considered to be the primary enzyme to detoxify the organism (Coles et al., 2003),
the administration of the probiotic supplements didn’t affect the activity of this enzyme
meaning that the carcinogenic compounds weren’t eliminated. The induction of QR
helped detoxify the enzyme. We could propose a hypothesis that the action of this two
enzymes may be connected; if one is able to detoxify a toxin efficiently the other one may

not be recquired to do it. However, this hypothesis need to be further studied.

Rats that were fed with cell wall constituents and supernatant present the lowest activity
for both enzyme, it is possible that the concentration tested, of both samples is too low to
induce the expression of these enzymes. Further investigation may be require to

determine whether the effect of cell wall, supernatant and pellet are dose dependant.

The effect of the daily administration of probiotic supplements on two caecal enzymes
activity was also evaluated. B-glucuronidase is able to convert innocuous compounds into
carcinogenic metabolites. After being detoxify in the liver, various carcinogen are
conjugated to glucuronic acid by B-glucuronidase excreted them into the small intestine
(Humblot et al.,, 2007; Rowland, 2009). B-glucosidase catalyse the hydrolysis of the
glycosidic bound which result in the removal of the glucopyranosyl residues from the non-
reducing end of B-glucosides (JR. & A., 2010).
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Some studies showed the ability of probiotic to reduce the activity of those enzymes
(Bertkova et al., 2010; Kekkonen et al., 2011).

Our results showed that only rats fed with P (G6) and FM (G4) reduced significantly (p <
0.05) the activity of B-glucuronidase as compared to carcinogen control group. Rad fed
with S (G5) didn’t affect the activity of the enzyme while the one that were administrated

CW (G7) significantly (p < 0.05) increase the enzyme activity.

In a study conducted by de Moreno et al. (de Moreno de LeBlanc & Perdigon, 2005), it
was demonstrated that the mice fed with yogurt were able to reduce B-glucuronidase
activity compared to the DMH control group, while the rats fed with the supernatant did

not reduce the activity of the enzyme.

Concerning B-glucosidase, the rats fed with FM, P and S reduce -glucosidase activity but
compared to rats in positive control group, the reduction wasn’t statistically different (p >
0.05). Those results suggest that a higher concentration of those dietary supplements

might have that reductive effect
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12.5 CONCLUSION

In summary, this study suggest that the whey and casein-derived peptide,
exopolysaccharides, the probiotics and their cells walls present in the specific fermented
milk could individually exert a cancer preventing effect by reducing and eventually
inhibiting the formation of ACF. We speculate that higher concentration of P, CW and S
should present a greater effect on the liver and fecal enzymes activities than the
fermented milk. Our findings also reveal an interesting effect of the consumption of the
fermented milk on healthy subjects. Still further studies will be needed to identify the
role and the nature of the specific peptides and/or exopolysaccharides from the
fermented milk and determine the mechanisms involved in all the dietary supplements

as cancer prevention.
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13. DISCUSION

Le cancer colorectal dont les facteurs de risques principaux sont I'alimentation et la
composition du microbiote intestinal constitue une des maladies chroniques avec le
taux le plus élevé de mortalité et de morbidité. La prévention de la maladie ou tout au
plus la diminution du risque de développer la maladie peut étre réalisée par I'adoption
d’'une alimentation saine qui modulerait la composition et la diversité de la flore
intestinale, favorisant ainsi la croissance des « bonnes » bactéries. Due a la présence
de nombreuses molécules possédant plusieurs effets bénéfiques pour la santé les
aliments comme les baies, les plantes médicinales, les laits fermentés sont considérés
comme étant des aliments pouvant avoir une influence sur lincidence et au

développement de la maladie.

Ce travail a montré que les composés phénoliques contenus dans le jus concentré de
canneberge et les calices séchés de la fleur d’hibiscus sont capables d’inhiber la
prolifération des cellules cancéreuses (Chapitres 8 et 9). Cette inhibition peut avoir été
réalisée soit par arrét du cycle cellulaire ou encore par une voie existante pour la mort

cellulaire ('apoptose, la nécrose ou encore I'autophagie).

Des études ont montré que les composés phénoliques présents dans les petits fruits
(comme la canneberge) et dans I'hibiscus pouvaient inhiber la prolifération des cellules
cancéreuses par un des mécanismes cités ci-dessus (Chiu et al., 2015, Neto et al.,
2014, Prasain et al., 2016, Wu et al., 2016).

Les composants membranaires extraits d’'une biomasse contenant L. acidophilus
CL1285"P, L. casei LBC8OR™P et L. rhamnosus CLR2P ne présentent aucun effet
inhibiteur sur la croissance des cellules cancéreuses (Chapitre 8). Cependant ces
dernieres ont réduit la formation des cryptes (Chapitre 11). Des études ont démontré
I'effet inhibiteur des composantes membranaires extraites de probiotiques au niveau
des cellules cancéreuses de colon (Sun et al., 2005a) Certaines suggerent que les

mécanismes impliqués dans cette réduction est di a une augmentation de la capacité
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de la réponse immune des souris di a la présence des peptidoglycanes tandis que
d’autres impliquent que les composants membranaires des probiotiques étaient
responsable de leur capacité de se lier avec des substances carcinogénes (ex :
mycotoxines ou encore des amines aromatiques hétérocycliques). Cette liaison a
tendance a provoquer I'exclusion de ces substances au niveau de la paroi intestinale et
ainsi réduire le taux d’exposition a ces substances toxiques (Hernandez-Mendoza et al.,
2009, Lahtinen § et al., 2004, Peltonen et al., 2001).

Cette étude a montré que combinés aux composés phénoliques (obtenu soit & partir du
de canneberges concentré ou des calices de la fleur d’hibiscus), les composants
membranaires extraits des probiotiques de BioK+ ont exercé une certaine inhibition de
la croissance des cellules du cancer du c6lon. Une augmentation significative de I'effet
inhibiteur des fractions/extraits de composés phénolique a été observée. Pour les trois
fractions de canneberges et un extrait provenant des calices de la fleur d’hibiscus (FaJ)
'augmentation du pouvoir inhibiteur révéle un effet synergique tandis que pour les deux

autres extraits de 'hibiscus (FbJ et FcJ), il s’agit en réalité d’un effet additif.

L’induction de l'activité de la quinone réductase (QR) est 'un des mécanismes utilisé
afin de combattre la carcinogénese. Alors que la fraction contenant des flavonols (F3)
obtenue a partir du jus de canneberge concentré induit I'activité de I'enzyme (QR),
aucun des extraits de la fleur d’hibiscus n’a été en mesure de le faire. Les composants
membranaires également n’ont présenté aucun effet inducteur au niveau de I'activité de
'enzyme aux concentrations testées. Lorsque les composés phénoliques ont été
combinés aux extraits des composants membranaires des probiotiques de BioK en ce
gui concerne les fractions de canneberges, aucun changement par rapport a I'induction
a été observé mais en ce qui a trait des extraits de fleur de Jamaique plus précisément
I'extrait FcJ (riche en anthocyanes) une augmentation significative de l'induction de la

QR a été observé.

Nos études ont également montrées que la fraction riche en anthocyanes possede une
plus grande efficacité a piéger les radicaux libres. Des études réalisées au sein de
notre laboratoire ont également démontré la capacité antioxydant des canneberges
(Calillet et al., 2011).
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En comparant les composés phénoliques de méme nature obtenus a partir du jus de
canneberge et de I'hibiscus sabdariffa, on est capable d’observer une nette différence
en ce qui concerne leur potentiel chimio préventif. Ces différences peuvent étre
expliquées par le fait que la canneberge et I'hibiscus sabdariffa posséde chacun un
meélange de composés phénoliques différents en taille moléculaire, polarité, solubilité
affectant la distribution et les propriétés de chacun d’eux. Il faut également tenir compte
du fait que la transformation thermiques (séchage au soleil des calices de I'hibiscus
sabdariffa) et chimiques (processus pour obtenir du jus concentré a partir de la
canneberge) affectent également la distribution, la disponibilité biologique et les
propriétés des composés phénoliques. Cependant malgré les différences existantes au
niveau de leur efficacité, cette étude a permis de mettre en évidence leur potentiel
chimiopréventif. Une approche intéressante serait de combiner ces deux substances
afin de déterminer si le potentiel chimiopréventif diminuerait ou augmenterait. Et si

augmentation il y a serait-elle due a un effet additif ou plutét synergique.
Ce travail a également démontré que :

1) La dose de 2 ml du lait fermenté contenant les bactéries: L. acidophilus
CL1285™°, L. casei LBC8OR™P et L. rhamnosus CLR2"P a pu réduire
significativement la formation de Iésions précancéreuses, d’induire I'activité de la
glutathionne S-transférase et également de réduire l'activité enzymatique de la
glucuronidase sur des rats traités au DMH (Chapitre 10)

2) Dans les 2 ml de lait fermenté, l'effet anticancer est principalement di a la
présence des bactéries : L. acidophilus CL1285"°, L. casei LBC8ORM" et L.

rhamnosus CLR2MP

(retrouvé au niveau du culot du lait fermenté). En effet, il
s’agit de la seule fraction en plus d’avoir réduit de maniére significative les
Iésions précancéreuse a été capable d’induire [lactivité d'une enzyme
détoxifiante du foie (en l'occurrence la QR) et de réduire celle de la B-

glucuronidase (Chapitre 11).

Parmi les avantages du lait BioK+, les plus intéressants sont: la présence de 50

milliards de bactéries probiotiques actives prétes a agir dés la mise en bouche, le fait

que les bactéries fermentent dans le pot et continue une fois ingérée.
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L’'une des implications de ces avantages est qu’une fois nourris avec le lait, 50 milliards
de bactéries probiotiques se retrouvent au niveau de la flore intestinale des rats,
bactéries capable de s’accumuler au niveau la paroi intestinale et croitre de fagon
exponentielle. La croissance de ces dernieres rend difficile sinon impossible la
croissance de bactéries pathogenes et/ou liées au développement du cancer colorectal
par le simple fait qu’il faudrait compétitionner afin d’utiliser les ressources leur
permettant de se multiplier mais également parce que la présence des probiotiques
rend la paroi intestinale hostile & la croissance de certains pathogenes a cause des

changements de pH.

La capacité de fermentation continuelle apres ingestion des trois souches de
probiotiques de la formulation BioK suggére une altération au niveau du métabolisme
de la flore intestinale du pH et également de la concentration d’acides gras a courte
chaine. La production d’acide gras résulte de la fermentation de carbohydrates non-
digérés par des bactéries, les principaux acides gras a courte chaine sont I'acétate ou
encore le butyrate. Ces derniers sont connus pour leur habilité a induire I'apoptose
chez les cellules cancéreuses du colon, également comme source d’énergie pour les
colonocytes. Certaines études suggérent qu’ils jouent un rble important dans le
maintien de I'homéostasie au niveau de la paroi intestinale (Kahouli et al., 2015,
Puertollano et al., 2014, Zeng et al., 2014).
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14. CONCLUSION

En résumé ce travail a pu démontrer que les composés phénoliques présents dans les
canneberges et la fleur d’hibiscus possédent des propriétés chimiopréventives. La
capacité d’inhiber la prolifération des cellules cancéreuses, la modulation de I'activité de
la quinone réductase et la capacité antioxydante. Aussi le lait fermenté BioK+ (et
certaines de ses composantes) réduisent la formation de Iésions prénéoplasiques,
modulaient l'activité des enzymes détoxifiantes et fécales liées au développement du
cancer. Cette étude a permis d’observer une possible synergie entre les composés
phénoligues présents dans les canneberges et les calyces de I'hibiscus et les
composants membranaires extraits de la biomasse contenant L. acidophilus CL1285"°,
L. casei LBC8ORMP et L. rhamnosus CLR2YP. Cette étude a clairement démontré que
ces substances peuvent étre utilisées afin de diminuer le risque de développer le CCR
mais aussi utiliser de concert avec les traitements de chimiothérapie et les
meédicaments existants sur le marché peut augmenter les chances de survie des

patients déja atteints de la maladie.
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15. PERSPECTIVES FUTURES

Les résultats obtenus dans ce travail représente une ouverture sur la capacité
chimiopréventive des substances testées, d’autres investigations sont nécessaires pour
extrapoler les résultats obtenus in vitro dans des expériences in vivo pour finalement
proposer une recherche clinique. Ci-dessous sont présentées quelques-unes des

expeériences qui pourraient étre réalisées dans un futur proche.

1) L’identification des composés phénoliqgues présent dans les fractions les plus
efficaces obtenus a partir du concentré de jus de canneberge et des calices de la
fleur d’hibiscus par CHPL et ensuite déterminer si leur activité chimiopréventive
est due a la présence de I'ensemble des molécules ou de préférence a une
seule.

2) L’évaluation des capacités anti-inflammatoires et d’induire les réponses
immunitaires des composés phénoliques et des extraits des composés
membranaires d’abord in vitro et ensuite in vivo (aprés avoir préalablement
déterminé le rapport entre la quantité de tisane ou de jus concentré de
canneberges ingérée et quantité de phénols retrouvés au niveau du colon).

3) Démontrer comment le lait fermenté BioK+(et ses composantes) modifient la
flore intestinale favorisant ainsi la diminution des Iésions prénéoplasiques.

4) Déterminer in vivo si le lait fermenté BioK+ combiné soit avec le jus de
canneberges soit ou une tisane faite a partir d’'Hibiscus sabdariffa présentent des

propriétés antinéoplasiques.
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