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Functional GI disorders (FGIDs) are a group of disorders
including Irritable Dbowel syndrome (IBS) and Functional
dyspepsia that are chronic conditions associated with high
morbidity characterized by abdominal discomfort or pain,
15 Dbloating and 1in the case of IBS altered Dbowel habits

(diarrhoea and/or constipation).

The prevalence of FGIDs in the general ©population 1is
relatively high ranging from 15%-30% having a substantial
20  economic burden. It has been suggested that the annual direct
costs for IBS alone are now around $US41 billion in the 8 most
industrialised countries with considerable additional indirect
costs (eg absenteeism from work etc). Current treatments for
FGIDs demonstrate at best marginal efficacy which has been
25  historically related to poor understanding of the disease

pathogenesis.

The precise pathophysiology of IBS remains to be elucidated.

30 Recent studies have described mucosal inflammation and

alterations in intestinal microflora in IBS patients and a

disease correlation with intestinal infections.
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10 in IBS.

Several meta-analysises performed recently concluded that
there is inadequate data to comment on the efficacy of other
probiotics (Lynne V McFarland, et al., World J Gastroenterol

15 2008 May 7; 14(17): 2650-2661; Nourieh Hoveyda, et al., BMC
Gastroenterology 2009, 9:15).

Consequently, it was the object of the present invention to
improve the state of the art and in particular to provide the
20 art with a composition comprising an alternative bacterial
strain that is effective, readily available, low priced and
safe to administer without unwanted side effects which can be

used to treat or prevent functional GI disorders.

25 The present inventors have addressed this need. They were
surprised to see that they could achieve this object by the
subject matter of the independent claims. The dependant claims

further develop the idea of the present invention.

30 It was found that the effectiveness 1in treating and/or
preventing functional GI disorders depends on the bacterial

genus, species and strain used.



30 It was found that the effectiveness in treating and/or preventing
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15 Advantageously, Bifidobacterium longum ATCC BAA-999 is
commercially available and was already tested and found to be

acceptable for addition to food products, for example.

Bifidobacterium longum ATCC BAA-999 (BL999) may be obtained

20 commercially from specialist suppliers, for example from
Morinaga Milk Industry Co. Ltd. of Japan under the trade mark
BB536.

Bifidobacterium longum ATCC BAA-999 (BL999) may be cultured
25 according to any suitable method. It may be added to products

in a freeze-dried or spray-dried form, for example.

The term “Bifidobacterium longum ATCC BAA-999 (BL999)” 1is
meant to include the bacterium, parts of the bacterium and/or

30 a growth medium fermented by the bacterium.

The composition may be any composition, but is preferably a

composition to be administered orally, enterally or rectally.
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edi bl e conposition. "Edible" neans a material that is approved for human or
ani mal cowmeunpti2ess9 5 Typically, the conposition may bePselEPetod6izom t he
group consi sti ng of a food conposition, a pet food conposition, a dietary

suppl enent , traceutical, a nutrltlonal formul.a, a drink and/or a
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consisting of a food composition, a pet food composition, a
dietary supplement, a nutraceutical, a nutritional formula, a
drink, and/or a medical composition.

10

If the composition of the present invention is a food
composition, this has the advantage that such a composition
can be distributed in pharmacies, drug stores, but also in

normal supermarkets, where the compositions are easily

15 available to everybody.

The generally pleasant taste of food compositions will further
contribute to the acceptance of the product. In particular
small children or pets are much more likely to readily consume

20 compositions with a taste that is generally liked.

Examples of food products that are applicable to the present
invention are yoghurts, milk, flavoured milk, ice cream, ready
to eat desserts, powders for re-constitution with, e.g., milk
25 or water, chocolate milk drinks, malt drinks, ready-to-eat
dishes, instant dishes or drinks for humans or food
compositions representing a complete or a partial diet

intended for pets or livestock.

30 Conseguently, 1in one embodiment the composition according to
the present invention is a food product intended for humans,

pets or livestock.



invention are yoghurts, mlk, flavoured mlk, ice cream ready to eat
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preferred enbodi nent, the conposition is a food product intended for adult
species, in particular human adults. The conposition of the present

i nvént ilon armpredetried cortcalimepriot eché veohpdsotobhoiids & stohdas mpuhvest

t ei ns, i fied 10, st hes), bi.nd filmf ' ts,
encaps UL G ng it SR or oA a2l 17 Sl HHeRr P AEERIbe “ompounds.

coatings, emulsifiers, surface active agents, solubilizing agents (oils,
fats, waxes, lecithins etc.), adsorbents, carriers, fillers, co-conpounds,
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preservatives, stabilizers, enul sifyingagents, buffers,
agents (oils, fats, waxes, lecithins etc.), adsorbents,
carriers, fillers, co-compounds, dispersing agents, wetting
15 agents, ©processing aids (solvents), flowing agents, taste
masking agents, weighting agents, jellifying agents, gel
forming agents, antioxidants and antimicrobials. The
composition may also contain conventional pharmaceutical
additives and adjuvants, excipients and diluents, including,
20 but not limited to, water, gelatine of any origin, vegetable
gums, ligninsulfonate, talc, sugars, starch, gum arabic,
vegetable oils, polyalkylene glycols, flavouring agents,
preservatives, stabilizers, emulsifying agents, buffers,
lubricants, colorants, wetting agents, fillers, and the like.
25 In all cases, such further components will be selected having

regard to their suitability for the intended recipient.
The composition may be a nutritionally complete formula.

30 The composition according to the invention may comprise a

source of protein.

Any suitable dietary protein may be used, for example animal

proteins (such as milk proteins, meat proteins and egg
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10 risk of developing cows’ milk allergy.

Furthermore, pre-hydrolysed protein sources are generally

easier digested and absorbed by an impaired gastro-intestinal

tract.

15
If hydrolysed proteins are required, the hydrolysis process
may be carried out as desired and as is known in the art. It
may be desirable to supply partially hydrolysed proteins
(degree of hydrolysis between 2 and 20%).

20

For example, a whey protein hydrolysate may be prepared by
enzymatically hydrolysing the whey fraction in one or more
steps. If the whey fraction used as the starting material 1is
substantially lactose free, it 1s found that the protein
25 suffers much 1less 1lysine blockage during the hydrolysis
process. This enables the extent of lysine blockage to be
reduced from about 15% by weight of total lysine to less than
about 10% by weight of lysine; for example about 7% by weight
of lysine which greatly improves the nutritional quality of

30 the protein source.

The composition may also contain a source of carbohydrates and

a source of fat.



20 For exanple, a whey protein hydrol ysate may be prepared by enzymatically
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fat source preferably provides 5% to 40% of the energy of the conposition;
f or Sexanplhe 26%a ac30%0m flleveanerigy.. A suitable fat profile may be
obt ai ned using a blend of canola oil, corn oil and 5 high-oleic acid
sunflower oil. A source of carbohydrate nmay be added to the conposition.

The souwr e OfcCarbeydates feheraley Py des 4% B%afonl0 t he ener gy
of the composition. Any suitable carbohydrate may be used, for exanple

sucrose, |lactose, glucose, fructose, corn syrup solids, maltodextrins, and
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fibre may be soluble or insoluble and in general a blend of
the two types is preferred. Suitable sources of dietary fibre
include soy, pea, oat, pectin, guar gum, partially hydrolysed
guar gum, gum Arabic, fructooligosaccharides, acidic
20 oligosaccharides, galacto-oligosaccharides, sialyl-lactose and
oligosaccharides derived from animal milks. A preferred fibre
blend is a mixture of inulin with shorter chain fructo-
oligosaccharides. Preferably, if fibre is present, the fibre

content is between 2 and 40 g/l of the composition as consumed,

25 more preferably between 4 and 10 g/l1.

The composition may also contain minerals and micronutrients
such as trace elements and vitamins in accordance with the
recommendations of Government bodies such as the USRDA. For
30 example, the composition may contain per daily dose one or
more of the following micronutrients in the ranges given:- 300
to 500 mg calcium, 50 to 100 mg magnesium, 150 to 250 mg
phosphorus, 5 to 20 mg iron, 1 to 7 mg zinc, 0.1 to 0.3 mg
copper, 50 to 200 ug iodine, 5 to 15 upg selenium, 1000 to 3000
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The composition may be orally and/or enterally administrable;
for example in the form of a powder for re-constitution with
milk or water.

15
According to one preferred embodiment of the present invention
the composition comprises at least one other kind of other

food grade micro-organism.

20 “Food grade” micro-organisms are micro-organisms that are safe

for use in food.

The food grade micro-organisms are preferably food-grade
bacteria or food-grade yeast. The food grade bacteria may be
25 selected from the group consisting of lactic acid bacteria,
bifidobacteria, propionibacteria or mixtures thereof. As food
grade veast for example Saccharomyces cerevisiae and/or

Saccharomyces boulardii can be used.
30 The food grade bacteria may be probiotic bacteria.
“Probiotic” means microbial cell preparations or components of

microbial cells with a beneficial effect on the health or

well-being of the host. (Salminen S, Ouwehand A. Benno Y. et
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or m xtures.thereof. As. food.,grad east . for anpl,e Sacchar es. .
cerevi§¥ae an %?tﬁ%%bhgpgnﬁ%eéﬂﬁgu %?%iPecéﬁgﬁégggedf%%ﬁd%hggggogkﬁrade

bact er iTe dray 1he 1proaghiiat i1g bacteri a. "Probiotic" means m crobial cel
preparations or conponents of mcrobial cells with a beneficial effect on
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pronoting the devel opnment of a bifidogenic 10 intestinal m crobiota.
probiotic characteristics. or example they may be also
capable of promoting the development of a Dbifidogenic

10 intestinal microbiota.

Suitable probiotics may be selected from the group consisting
of Bifidobacterium, Lactobacillus, Streptococcus and

Saccharomyces or mixtures thereof, in particular selected from

15 the group consisting of Bifidobacterium longum,
Bifidobacterium lactis, Lactobacillus acidophilus,
Lactobacillus rhamnosus, Lactobacillus paracasei,
Lactobacillus johnsonii, Lactobacillus plantarum,

Lactobacillus salivarius, Enterococcus faecium, Saccharomyces
20 boulardii and Lactobacillus reuteri or mixtures thereof,
preferably selected from the group consisting of Lactobacillus
johnsonii (NCC533; CNCM I-1225), Bifidobacterium longum
(NCC490; CNCM 1I-2170), Bifidobacterium longum (NCC2705; CNCM
I-2618), Bifidobacterium lactis (2818; CNCM I-34406),
25 Lactobacillus paracasei (NCC2461; CNCM I-2116), Lactobacillus
rhamnosus GG (ATCCb53103), Lactobacillus rhamnosus (NCC4007;
CGMCC 1.3724), Enterococcus faecium SF 68 (NCIMB10415), and

mixtures thereof.

30 In a preferred embodiment of the present invention the
composition further contains at least one prebiotic.
“Prebiotic” means food substances intended to promote the

growth of probiotic bacteria in the intestines.
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(NCCA90; , LNCM Amﬁéﬂﬁmﬁgég dO%%ﬁ%k%&bo”%’é@éWE@%m@'ﬁ%é 2618) .o

Blfldobacterlun1 acti s 8; CNCM 1-3446), 25 Lactobacillus paracase

( NC&24 65 IENCM LnZﬂl@ymmLantobaealItﬁigdﬁﬂmumsus GG (ATCC53103),

Lact obaci | l us rhamosus (NCC4007; CGVCC 1.3724), Enterococcus faecium SF 68
(NCl MB10415), and m xtures thereof. 30 In a preferred enbodi nent of the

presentpidwentboR tthe: corpesbtiion it hete cophiaidieat A.east OrRe RyRPIOtI C.
"Prebiotic" neans food substances intended to pronote the growth of
pr obi othéISGécttlm i etheosateseihéss wWrl20P1/023689PCPNER20 (/0GZIZG: /

Prebi oll.os SaLd hus promte the guauyh.of serialn dood. gyade bacteri in

partl Cc ‘obi ot'i ¢ "bact er estines an ence enhance
théOefﬁmxﬁtuﬁed&tﬂmdmﬁﬁtter|un1|ongun1ATCC BAA- 999. Furthernore, several
prebiotics have a 5 positive influence on, e.g., digestion.
The Bifidobacterium longum ATCC BAA-999, may be used, both, as
living bacterium as well as inactivated non-replicating
bacterial species.
15
“Non-replicating” means that no viable cells and/or colony
forming units can be detected by classical plating methods.
Such classical plating methods are summarized in the
microbiology book: James Monroe Jay, Martin J. Loessner, David
20 A. Golden. 2005. Modern food microbiology. 7th edition,
Springer Science, New York, N.Y. 790 p. Typically, the absence
of viable cells can be shown as follows: no visible colony on
agar plates or no turbidity in liquid growth medium after
inoculation with different concentrations of bacterial
25 preparations (‘non replicating’ samples) and incubation under
appropriate conditions (aerobic and/or anaerobic atmosphere

for at least 24h).

It is preferred that at least a part of the Bifidobacterium
30 longum ATCC BAA-999, are alive in the composition and
preferably arrive alive in the intestine. This way they can
persist in the intestine and may increase their effectiveness
by multiplication. They may also be effective by interacting

with the commensal bacteria and/or the host.
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Preferably the prebiotic may be selected fromthe group consisting of

ol i gosacchari des and optionally contain fructose, gal actose, nmannose, soy
and/ or i mubi2o1/adB@vary fibers; or 10 m xtures thereof. Phe/EB2é0Mei3a€t eri um
| ongum ATCC BAA-999, may be used, both, as living bacteriumas well as

i nactivated non-replicating bacterial species. 15 "Non-replicating" nmeans
that no viable cells and/or colony formng units can be detected by

cl assi galr pddd gL netdotdse Hueh pclaasteal opl akidigamehheds farre SwmpErd,zed in
the m crobi ol ogy book: James Monroe Jay, Martin J. Loessner, David 20 A
Gblden3120@59thH§rﬁ%ﬁﬁﬁf%ﬁ%ﬁoBF%Fo&%fIﬂQ?%ﬁﬁQf%MW %Rﬁ?%@eﬁT§€|§ﬁ€b New

York, Nog 7§0pEels$¥lE' cal Iy, nEH%@B% nce;ah Ak equebl’l% QA RE 3}’%” as

fol | ows: no Visible col ony on agar ates or no turbidity In I|qU| growt h
nedﬁumﬁﬁnma,|n@cuhahamquHMthfd@rEhe porcenttr atrivest igfn bact éeralt 25

preparatio 'naon re tin anpl es) and i b n der pro rlate
condltldﬁgg(ﬁgro a%h#b Qﬁékﬁ #ﬁ gfgﬁgﬂhehg%#o %g ?gQSt %ﬁ%
prefenﬁgﬁﬁﬂggtﬁﬂgIﬁ@aﬂmadymﬁogﬁtﬂﬁﬁ Bi fi dobact eri um 30 Iongun1ATCC
BAA-999, are alive in the conposition and preferably arrive alive in the

intestine. This way they can persist in the intestine and may increase

their gff @ﬁ%mﬁl%ﬁ&ﬁ 1 0Y 5 HE'cBlc'lg%' ONom %ﬁ Jﬁ b%dﬁﬁ%ﬁ%%%dbym

|nteract|ng e co nsal bacferia an
201m/0236&%%ﬁﬂi}§@ﬂﬂi@ﬁ@ﬁﬂOtEoetsmaasﬂ sAerid el f oodrr oduetrsear: the
nedi canents, for e it m ht b referabliﬁthat Bi fi dobact eri um

| ongumAFEC: BRA- 9nF§ p&jrjve%%ﬁtg i r‘i“h nohSr & TRAL PAG FOr fivi ATY HEmOUD T

conmposiddehate to accomplish this is defined as "a therapeutically
effective dose". Amounts effective for this purpose will
depend on a number of factors known to those of skill in the

15 art such as the severity of the disease and the weight and

general state of the patient.

In prophylactic applications, compositions according to the
invention are administered to a patient susceptible to or
20 otherwise at risk of a particular disease in an amount that is
sufficient to at least partially reduce the risk of developing
a disease. Such an amount is defined to be "a prophylactic
effective dose". Again, the precise amounts depend on a number
of patient specific factors such as the patient's state of

25 health and weight.

Generally, Bifidobacterium longum ATCC BAA-999 will be
administered in a therapeutically effective dose and/or in a
prophylactic effective dose.

30
If Bifidobacterium longum ATCC BAA-999 is present in a viable
form, it is theoretically effective 1in any concentration
considering the fact that these bacteria can colonize the gut

and multiply.
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5 Hence, in one enbodi ment of the present invention at |least a part of the
Bi fi dobact eri um | ongum ATCC BAA-999, are non-replicating in the

conposi t iw0.20102848er apeut i ¢ appl i cati ons, conpositions &Ce&/Exdomionsster ed in
10 an anount sufficient to at | east partially cure or arrest the synptons
of the disease and its conplications. An anmount adequate to acconplish this
is defined as "a therapeutically effective dose". Amounts effective for
this purposenai tbmgependoan cx numdepretehactioneddiom 1o thBoserefraskiy}l in
the 15 art such as the severity of the disease and the wei ght and general
state GFreherpad entatl i stophyl &5 appltiicat FoREC Tohpdsi CIOGHIT 4e€6r di ng

to theqyent]onqgre agm ni siered ctdﬁ:ﬁsa Rabhent, susgeptbl e 1,000 20 ¢

otherwise at risk of a particular ease in an anount that i1s sufficient
to at |mastdgardticatlyn r ddugent hATECskBaRA-8e9el opi nepat diskease.sSuctp lan

anount j s defined t e_" rophylactic effective se". Again, the precise
oot SRS &P B BB R B b GG R S e S e g & &
patientccs 1st'ateref wérdeatdhe aael ywer ghh. 16ener ald'y, cBifi dobacteri um | ongum

ATCC BAA-999 will be admnistered in a therapeutically effective dose
and/or in a prophylactic effective dose. 30 If Bifidobacterium|ongum ATCC

BAA- 999.| s %ﬁ@ggﬁt.' Ana ykahhe f@EQ% L is Jdigorgt | ﬁﬁgl yaeldectdve i any
concentration consi dering the fact hat these bacteria can colonlze the gut
andOnulddtplesn VIO 2 0drld 023689,/ ERP2816) &623200F0t ot e’ capposivt iferrmdfndg he

resent invention it i ener al referred at _a daily. do of the
P ormoa e COhorT S BETaBay Ol 10 P o tED) oy Higomi s A gy of 5
Bi f i dobagtfm wadongumASHCC BAA- Q9 A pardidt afr stid abing Hdaidiwdose of

Bi f i dobacteri um | ongum ATCC BAA-999, is from 104 to 1011 cfu, nore
preferably from 104 to 101 cfu.

In the case of inactivated and/or non-replicating
15 Bifidobacterium longum ATCC BAA-999, it is generally preferred
that the composition of the present invention comprises
between 10° and 10" non-replicating cells of Bifidobacterium
longum ATCC BAA-999, per gram of the dry weight of the
composition. A particular suitable dose of Bifidobacterium
20 longum ATCC BAA-999, is from 10° to 10° non-replicating cells,
more preferably from 10° to 10° non-replicating cells per gram

of the dry weight of the composition.

Obviously, non-replicating micro-organisms do not form
25 colonies, consequently, the term cells is to be understood as
the amount of non replicating micro-organisms that is obtained
from the specified amount of replicating bacterial cells. This
includes micro-organisms that are inactivated, non viable or
dead or present as fragments such as DNA or cell wall

30 materials.

The composition of the present invention may be provided in

powder form having a water activity smaller than 0.2, for

12



The conposition of the present invention may al so conprise 10 between 102
and 101 cfu, preferably 102 to 109 colony formng units, nore preferably
from 102 wo 200@2348a of Bi fi dobacteri um | ongum ATCC BAA- 98%/EPp&v/ogr3am dry
wei ght of the conposition. Inthecaseofinactivatedand/ornon replicating 15
Brfrdobacterrunrlon unrAT%C BAA- 9%? 1§t @ gener a referr g the
conposf%roﬁ)5? the %%eseﬁi nv8 tion conp ?Seg 8etmébn 102"and®
non-rem.icati ng cells of BlfldobacterlunrIongunrATCC BAA- 999, per granrof
the dry weight of the conposition. A particular suitable dose of

Bi fi dobacterium 20 | ongum ATCC BAA-999, is from 103 to 108 non-replicating

cell's, 7y e; ﬁr@ﬁ%?i@ﬁéﬁ{ teomM 05,4t ¢, L0& ”QE‘ 1329 b%%r'e% Cﬂé S1B&M Wrap of

t he dry wei g e conposition. Vi ousT y, hon-replicating
m cbo- eraganiisis danotfiotan 25tkcod onsles] f conseguéntly, athe tesmresl | $has t o be

under st ood .as .t he anount of non rep licati m.cy 0- organi s t hat

bt a1 nétt BHo e SpeLr P heBunt CoP - r epPf EACTASC LEERr: mOtarT s 2l o

i ncl udes M BYN- opgani spsnd hat ane linasteMatLdse Non ovigabl €0 pEgdead s .
present as fragnents such as DNA or cell wall 30 materials. The conposition

of the fiefemCihventi oA maylbe2pleEsHEENon thowderhe oPAPREYI g 24 Ratodr

acti vi ty, STl et Lhen 0 2¢chor (V0 2041/ 023689 CT| FPR0401 062320, oxamnl @ i n

t he range preféerably s er than onposi tion may
be 18 sheltferst@abl edepdwder thEhe dODwowatewater at the same temperature;

therefore, pure distilled water has a water activity of

exactly one.

Additionally or alternatively, the probiotic micro-organism
15 Bifidobacterium longum ATCC BAA-999 may be provided in an

encapsulated form.

It has been found that encapsulation of the bacteria has
therapeutical and technical advantages. Encapsulation
20 increases the survival of the bacteria and thus the number of
live bacteria which arrive in the intestine. Furthermore, the
bacteria are gradually released allowing a prolonged action of
the bacteria on the health of the subject. Bacteria may be
micro-encapsulated, for example as described by FR2443247
25 (Société des Produits Nestlé), incorporated herein by
reference. Briefly, the bacteria may be freeze or spray dried

and incorporated into a gel.
The present inventors were in particular surprised to find
30 that the composition of the present invention can successfully

be used to significantly increase hippocampal BDNF expression.

BDNF (Brain-derived neurotrophic factor) is a growth factor

from a unique family of polypeptide growth factors. BDNF and

13



5 activity provides this shelf stability and ensures that probiotic

m cro-organism e.g., Bifidobacteriuml|ongum ATCC BAA-999, will remain

vi abl e ews0 2af1tes68bong storage tinmes. Water activity or PAWHP201&/068a6GUr ement
of the energy status of the water in a system It is defined as the vapor
pressure of 10 wat i

r divid y that of pu waf er at the t rature;
Pher of STt murel B EF P e e ee e 2 et ol Chey TG of GYBRL By i
Addi ti omadd y(rorued desgiatd vel y, atdenprobi(atiueofiirepasiarganias® Exsential
Bi fi dobacteri um | ongum ATCC BAA-999 may be provided in an encapsul at ed

form Ifohds et ifoundd gl lemeapsulodt it oot hacteérd™ has

t her apeut i cal andt echni cal advant ages. Encapsul ati on 20 i ncreases the survival
of the bacteria and thus the nunber of |ive bacteria which arrive in the
i nt &st iThe.s Furfidrer moreh t tihesbact er eapaeéngraduablsy rvelde asda cal o ing ta

prol onged actio f the bacteria on the health of the subject. Bacteria may
be ni c%&ﬁéﬁﬁ?& E{O&?ﬁ Toglrgo ‘e as described by FR2443247 25 (Societe
des Produits Nestle), incorporated herein by reference. Briefly, the

bacteria may be freeze or spraIy dried and incorporated into a gel. The
pr esentTHenvientdr STeFé 1eRapatl il ST &R pr Fsé@ rto U4 rid BOCEhap Tt Rewel

conposi i f e _pr.esent _i nv i - essf S tQ .
signif i%la%?fféelfn%r gglsle&ﬁi %géaﬁgglr%%%gé%ﬁ(gsg?o%ﬂ%Bﬁéé(Jngidr??ndlerrl F\}ed
neupot rcaptyila ifract om) tihoua geowshrfiactiorlf rom a indlgeel dam |gawdfe palhygept i de
grow h factors. BDNF and WO 2011/ 023689PCT/ EP2010/ 062320 ot her

neur ot i%C FEOrS, SYWERFONSNGF (nerve growth factor), NT-3
(neurotrophin-3), and NT-4 (neurotrophin-4) are essential for the health
and wel | -being of the nervous system 5 This effect m ght possibly explain
t he obgemad @fdbctl agdisrstdd uncerenale ldowetodh sbpdéhe.seThef t ekl 1l 1n

"funct[éggﬂ §%tdi§&{de££ere£g£é tgxgmgiguDd%%c99M§$d and defined as

15 functional gastrointestinal disorders with symptoms
attributable to the middle or lower gastrointestinal tract by
Longstreth et al., in GASTROENTEROLOGY 2006;130:1480-1491, for

example.

20 The functional GI disorder may be selected from the group
consisting of irritable bowel syndrome; functional dyspepsia;
functional constipation, functional diarrhoea; functional
abdominal pain; functional bloating, Epigastric Pain Syndrome,
Postprandial Distress Syndrome or combinations thereof.

25
Functional GI disorders that may be treated or prevented by
the subject matter of the present invention comprise anxiety

linked functional GI disorders, for example.

30 Anxiety 1s a psychological and physiological state which
results in an unpleasant feeling that is typically associated
with uneasiness, fear, or worry. Anxiety 1is for example a
normal reaction to stress. It may help a person to deal with a

difficult situation at work or at school, but - when excessive

14



di sorders which are characterised by chronic abdom nal 10 conpl aints

W thout a structural or biochem cal cause that could explain synptons.
Functi onawo@biidi2seseders are well known to those of skil IPCIEPRé1I®/062320 and ar e
fore exanpl e descri bed and defined as 15 functional gastrointestinal

di sorders_with synptons. attributable to the mddle or .l ower :
Gastr o nt BEELREE TTHETThY LofgSribe h Ui° abt TP ChsTROENTEREE 0GP 60

130: 14804, rfryt iexamplar. A& okhefauncti onal G di sorder may be sel ected
fromthe group consisting of irritable bowel syndrome; functional

dyspepsi a; functional constipation, functional diarrhoea; functional

abdor nale palFeqtuncti onal; bLogt | ngioERiPasY | pePakBLRYNdEOME., RS prandi al
Di stress Syndrone or conbinations thereot. 25 Functi onal di sorders that
may Sbe tresatredl wropt eveat edaly thirve wull ety i mat herheh itsive py esbnthi mhent i on

i i ety |inked functi G _disorders, f le. 30 Anxiety i
o Py C ROVl At Py DIIGHT CH st AY " WA En=F BB L0k B A

feelingdhatel sndypi gakilon associat ed W ke aneasd Ness c f@ara1 -Qfu My ia)in
Anxiety is for exanple a normal reaction to stress. It may help a person to
deal weH Sa diFFSEHLY sidigatliforaatt Mor I8 S5 cata tsh o613 thutP sy GhieeiP S8xcds si ve
WO 2011/ Q23689PCT/ EP2010/ 062320 - anxi ety disorders result, one group of

whi ch are anxiety linked functional G disorders. The inventors - wthout
wi 48i ng to be bound by theory - 5 presently believe that the underlying
mechani sm by whi ch the conpositions of the present invention are effective
is related to the nodul ation of the bidirectional mcrobial-gut-brain axis,

possi bl si gnichicant by assocd akedi1wehh psyehel ogicakh-aCt9R$. features
described in this specification can be combined freely without
departing from the scope of the present invention as disclosed.

15 In particular, all features described for the composition of
the present invention are applicable to the use of the present

invention and vice versa.

Further features and advantages of the present invention

20 result from the following Examples and Figures:

Figure 1 shows the result of a dark box/bright box test: total
time spent in bright box, latency to re-enter bright box and
latency to gstep down in mice infected with Trichuris muris
25 (Tm) . Tm-medium and Tm-B. longum are Tm infected mice treated
with fresh medium (negative control) and Bifidobacterium
longum ATCC BAA-999, regpectively; a Tm group treated with L.

rhamnosus (L. rh) strain is shown for comparison.

30 Figure 2 shows the results of the in situ hybridization in the
brain hippocampal region of mice infected with a Trichuris
muris (Tm). Tm-B. longum 1is Tm infected mice treated with
Bifidobacterium Ilongum ATCC BAA-999; a Tm group of mice

treated with L. rhamnosus strain is shown for comparison.

15



10 It is clear to those skilled in the art that any features described in
this specification can be conbined freely w thout departing fromthe scope
of the prweenti/i2eesenti on as di scl osed. 15 In parti cul ar pCalEP2610Aa6232€ S
descri bed for the corrposi tion of the present invention are appl icable to

t he us of tt}ejt resent tion an vice versa rth er, features and

advant agés' o é:lﬁrnesoent venti'o on ZBa?egﬁlrFOfﬁrnS% tbﬁje afuézlqroavm ng(;q @)Parﬁ)l es

and Fi gifeSmddegwire: 1} Shows itdre: ngsidt wefned ydar k box/ bri ght box test: total
time spent in bright box, latency to re-enter bright box and | atency to
step dovvn in mce infected with Trichuris nmuris 25 (Tm. Tm nmedi um and

Tm B. Qﬂﬂ? age s EIHvJé"f @Hée% o6 4 regted wyth £ reshoaedi um(negative
cont roI) and Bi fidobacterium ongum ATCC BAA-999, respectively; a Tm group

treat echasistirdd bhamoslusodtaoxirdysest raitnviis yshoswa ¥ or( ledipapaseh) 30dFi gure
2 shows the res ults ogtheflr]astuhbrldlﬁéztioni the brain hl%p%c al
regi on "6" CH:W:% TR eCEed WiltH & 77T TR it 5 HIFi B CF ohgdmSits STm

i nfected 1 ceriseated wuth SBi (fmn@obamerﬁé@mhhoag@mmt@ BAf §99; ageTmngr oup
of mce treated with L. rhammosus strain is shown for conparison.

2011/ 02368IRCT FP2DA 071 052320 '‘Queht f Feeht nedivh 38S89sitgial €Oowas oger fagrdhred by
aut or agj { %I&&ﬁé{c%?lb%a% ggrmny%qsc&rg%m \er a"aﬂ) IFd ure 3 shows the

results talined on col oni f'ammat i on asure y nye oper oxi dase
actlDvi ttyreagsay wiltef tL partednnend monenucliearstesld fiodf iddmatydigron(.ri ght panel )
in mce infected wwth Trichuris muris (Tn). Tmnediumand Tm B. | ongum are
Tminfected mce treated with fresh nedi um (negative control) and

Bi fi dobachgyidyn | ongum ATCC BAA-999; a Tm group of mice 10 treated with L.

r hammosus stral n is shown for conparison.

Material and Methods
15
Bacterial culture conditions:
Probiotics (Bifidobacterium longum ATCC BAA-999 and L.
rhamnosus NCC4007 for comparison) were grown under anaerobic
conditions in Man-Rogosa-Sharpe (MRS, BioMerieux) broth
20 (bifidobacteria with 0.5% cysteine). After 24 h at 37°C, the
number of bacteria was estimated by measuring the optical
density at 600 nm (1 0D600 = 10° bacteria/mL). Bacterial cells
were pelleted by centrifugation at 5000 X g for 15 min at 4°C
and further resuspended at a concentration of 10'/mL in their
25 spent culture medium. Aliquots of 1 mL were kept frozen until

use.

Animals:

Male BALB/c or AKR mice (Harlan, Canada) were purchases at the
30 age of 6-8 wks and housed in a conventional specific pathogen

free Unit at McMaster University Central Animal Facility. All

experiments were conducted with approval from the McMaster

University Animal Care Committee.
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Exanpl es: Material and Methods 15 Bacterial culture conditions:

Probi otics(Bifidobacterium|ongum ATCC BAA-999 and L. rhammosus NCC4007 for
conpar i Sow 208ve3ggpown under anaerobic conditions in PCT/EP2010/062320

Man- Rogosa- Shar pe( MRS, Bi oMeri eux) broth 20 (bifidobacteria with 0.5%

cystei ne).. Ar\f,t er 24 h at 37C, the nunber of bacteria was estinmated by
measur i ngg]’t%e' optical density at 600 nm (1 0D600 = 108 bacteria/nl).
Bacterial cells were pelleted by centrifugation at 5000 X g for 15 mn at
4C and further resuspended at a concentration of 101/nmi in their 25 spent
cul t ur EhRdiidmT -AMguct s TefeCE YR ‘wer e kept frozen until use. Animals: Male

BALB/ KR pi , -30-age, of . §-8 wk
Cb%rl(f“, RAl ¢ ddHaplan g‘%%@ﬁ Wet& ﬁ“.rcﬁﬁ%?ﬁé 3dgne ?8 age Qfs 8 S

and housed in a conventi onal i c pathogen free Unit at MMaster
Uni ver sirts2 @entr akiAni pakcEaoi | (int5p) .Allnfexperd meits were c¢corducteethasid h

appr oval from the VeNaster U ver sl ty ani il Care Comtdep, YO, 30

for 10 days. Uninfected mice were gavaged with fresh MRS on a
daily basis from day 30 to day 40. At the end of probiotic or
placebo administration, the mice underwent dark box/bright box

10 and step-down tests. The mice were sacrificed thereafter and
tissue samples were obtained. Colon samples were fixed in
formalin for histological analysis or were snap frozen for MPO
determination. Brains were snap frozen in liquid nitrogen and
stored for in situ hybridization.

15

Behavior testing:

Dark box/bright box:
Anxiety behavior was assessed individually in mice using dark
20 Dbox/bright box as described in the literature. Briefly, each
mouse was placed in the center of illuminated bright box
(30x30 cm) connected by an opening (10x3 cm) to smaller dark
box (30x15 cm). The locomotor behavior of each mouse in the
bright box was recorded for 10 min by a digital video camera
25 and stored in a computer for an off-line analysis. Several
parameters were assessed by a blinded observer including total
time spent in bright box, latency to re-enter bright box (time
spent in dark box after first entry), and number of crossovers
(number of crossing from dark box to bright box).
30
Step-down test:
Anxiety behavior was assessed using step down test as
described in the literature. Briefly, each mouse was placed in

the center of an elevated platform (7.5 cm in diameter, 3 cm

17



Chronic T. muris infection: Male AKR mce were gavaged with T. nuris (300
eggs /nouse) 5 (n=26) or with placebo (n=9). Infected mce were then
gavaged dwpI2g1vi28689L. rhammosus, B. | ongum or fresh NMRSPCTmPe@daywel0 f or 10
days. Uninfected mce were gavaged with fresh MRS on a daily basis from day

30 to day .,40. At.the end.of probiotic or placeho admnistration, the mce
inder winO dar RO bbki TPEght Took S0 SRATS: GH dawd e o e mE6oheve tO
sacri fiqeg t heneaf £ esmandthd | psuessanpl €ss wWelce abtedi neg¢. L£olanpsangles were
fixed in formalin for histol ogical analysis or were snap frozen for MPG

det er mFatimtBR B Heweste Eifag S5%02&® ih Hitgui d nitrogen and stored for in
situ hybridization. 15 Behavior testing: Dark box/bright box: Anxiety
behavi or was assessed individually in mce using dark 20 box/bright box as
deséri bEdtiolache literature. Briefly, each nouse was placed in the center

of illym.nated brjght box (30x30.c connected b n eni ng .(10x3 . to
oral | et ATk SR (T0AB Sr T 4het f oLBimf BETDOAGY FBR GhCEach HSEEs NI he
bri ght rhes twas; riecrdednf.orrd@ nni by & Wegid ad x ¥indaoe aamBl @e 25 1anghst or ed
in a conmputer for an off-line analysis. Several paraneters were assessed by
a bl i ndedsiEseRker Thcl g8rAg t 6al taFHSpertdi nCBrrght box.flagimedey 1 o
re-enter, Arjight. box (time spent in dark box after first entry), and nunber
of crossovers (nunber of crossing fromdark box to bright box). 30

St ép- down test: Anxiety behavior was assessed using step down test as
described in thejléj'lteratur,e., Briefly, each nouse was placed in the center

of an eP&/&RST BIEFS ACES CmaSF Wianeter, 3 cm WO
2011/ 023689RCILEP2010/ 962320 acute intestinal inflammation,

myeloperoxidase activity (MPO) assay was performed on frozen
tissues as described previously. MPO activity is expressed in
15 units per mg of tissue, where one unit of MPO is defined as a
quantity of the enzyme able to convert 1 pmol of hydrogen

peroxide to water in 1 minute at room temperature.

In situ hybridization in the CNS:

20 Levels of BDNF in hippocampus and CRH in hypothalamus
(paraventricular nucleus) were assessed by in situ
hybridizations using 35S-labeled RNA probes on frozen brain
sections as described previously (Whitfield et al., 1990;
Foster et al., 2002). Briefly, brains were removed and rapidly

25 frozen by immersion in 2-methylbutane at -60°C, and stored at
-70°C. Cryostat-cut 12-um-thick coronal sections were thaw-
mounted onto gelatine-coated slides, dried, and stored at -
35°C. Tissue sections were fixed with 4% formaldehyde,
acetylated with 0.25% acetic anhydride in 0.1 M

30 triethanolamine-HCl, pH 8.0, dehydrated, and delipidated with
chloroform. Antisense BDNF ribonucleotide probe (gift of Dr. J.
Lauterborn and Dr. C. Gall, Univeristy of California Irvine)
and anti-sense CRH ribonucleotide probe (gift of Dr. James

Herman, University of Cincinnati) was transcribed from
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2002) . Brietly r.ain ve rapi dly ofr by, i rsign in
2ot gl DUt ane: B¢ B0 and Seored A 700" CoYoet at Sect 2 pireHi ok
coronalD setitd nds ‘'wer & ¢ hawihount eadnaht epgel atidhetcoab ed ishi desq tdré ed, and
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et yI AP AT 306 Sl iy IRE Th00. 1 MG | ol a6, pH

8. Qo defdral and debipi dat,ed wi t huehloarraler m o senserBDNreduce
ri bonucl eotide probe (gift of Dr. J. Lauterborn and Dr. C. Gall, Univeristy
of Cal infor$IPac kifvicnd 1 i anPif- $¥s e CRPler | Isdnuts @ovde praciiee¢giit 26f Dr.

James n, iversity. i nci,nnat.i st j m
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) .
r espect'iS/ét R b hBEl PBE Frobes Wt & W | it bar frt@graphy. Slides and

15 14C plastic standards were placed in x ray cassettes, apposed
to film (BioMax MR; Eastman Kodak, Rochester, NY) for 5 days
and developed (Kodak Medical X-Ray Processor) .
Autoradiographic film images of brain sections and standards
were digitized with a solid-state camera with a 60 mm Nikon

20 lens using QCapture software (Qicam; Quorum Technologies Inc.,
Guelph, ON) and a Macintosh computer-based image analysis
system with Image software (http://rsb.info.nih.gov/nih-image).
Light transmittance through the film was measured by outlining
the structure on the monitor. For BDNF mRNA, transmittance

25 was converted to radioactivity levels using the Rodbard curve
applied to the standards. For CRH mRNA, the density slice
feature was utilized to measure both the light transmittance
and the area of mRNA signal. The calculated DPM were then
multiplied by area to produce a measurement of integrated

30 density. Illustrations were made directly from the captured

images.

Statistical analysis:
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Dat a arig, frasent £di as1 feanowstandand deykatiion ehe Mdi@nssyidh in the
interquartile ranges as appropriate. Data was anal ysed using either two-way

ANOVA, hiresthtor bagn-gad r ed t1neseaas aipr 6pei ataetencyp al uecofndr 053-heas
consi dere s.5 staijystjic y_significant. .Res S; .chronicall

i nf ethD l\C/j%ihtaﬁh kfchxe’ Sia)lr a]é]%ltglll%'rlsg rfjéjwrrrlu?—’lesStl’O ts omle%%%(rélgllﬁgréager%iaﬁ%d
amitet y=Hd Kexthehayiourstéep t dowhehavinouhal pteastsall)(Flig .t he .dardedamegrr i ght
box test, infected animals showed a decrease in the tine spent in the

bri ght "Bo% afth i Goes easeuBf 1PREUat ency el @ht éruthd b i ghttbox:- 2) In
the step dowytest ycehgohnfecthonedncreasedquction of anxiety-like

behaviour towards normality. The effect on behaviour was
correlated with a normalization of Trichuris muris-mediated
20 decrease in BDNF levels in the hippocampus by B. longum only
(Fig. 2). In contrast, treatment with B. longum as well as
with L. rhamnosus resulted in a reduction of myeloperoxidase
activity and mononuclear infiltration previously induced by
Trichuris muris infection (Fig. 3) indicating that the
25 normalization of Dbehaviour was independent of the anti-

inflammatory effect of the bacteria.
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15 the latency to step down fromthe pedestal (Fig. 1). Treatnment with

Bi fi dobact eri um | ongum ATCC BAA-999 but not with L. rhamosus NCC4007

i nduced awoeduorsen of anxiety-like behaviour towards necwsiP2ag/ociBhe ef f ect
on behavi our was correlated with a normalization of Trichuris

muri s-nmedi ated 20 decrease in BDNF t§g§%s in the hippocanpus by B. | ongum
only (Fig. 2). In contrast, treat —h B. longumas well as with L.
rhammosus resulted in a reduction of myel operoxi dase activity and
nononucl ear infiltration previously induced by Trichuris nuris infection
(Fig. 3) indicating that the 25 normalization of behavi our was independent
of the an%i-inflannator effect .of the bacteria. WO

2011/ 023689PCTf R0 0F 682390 0Y AF ne9 £ EFRPESTEF dH CIMPPLEl RgCC BAA-

Bi fi dobact eri ugybongum ALKC BAAIQYf or rsenbAtt hendygat mentvand/ &l of
prevention of 5functional G disorders. 2. Conposition in accordance with
claPm 1, wherefuneheofghcéT onasoHedssorder is selected fromthe group
consisting of irritable bowel syndrone; functional dyspepsia; functional
consti pation, i 1 i . function bdoni nal Ln;

functi onal "bl oéa I %‘%’9@3 %agltr?i%éég?ﬁ%gfned%ﬂie? %Iolsatalg(?anwdi Z‘fh%ﬁiﬁestshe
Syndrone or cofibhoatooas theredfsorddr Corpostid oheidn faccor daneegwidup one

of the preceding clains, wherein the functional G disorder_is anxiety
15l i nked. 4. cﬁ%%%?’f?%% i AT aceordadrite % PREme HF2 ¢ hamFredetti ng* EF&ilns,

wherein the cogpesidpand s selected fLomddesgriouprconsi stdngcefi & food
conposition, a pet food conposition, a dietary supplenent, a nutraceutical,
a 20 nutritiondlafvhrasta, atwr¢hkonahd/ arbdomedital worposi tiunsti®nal

Conposition i cardance with e of %he recedjn | ai wher ein_the
conposi tion cggggﬁgéég%ddﬁ¥?%%%%Fff%f gﬁﬁ? % %L% %%%’kﬁ%%gg I&Fﬁé%a#ood
grade bact eri api2braber eindthee f oodcgriateabashertiacacef preferably sel ected
fromthe group consisting of lactic acid bacteria, bifidobacteria,
ropi oni bacteria or mxtures thereof.
Prop g. Composf%fon in accordance with one of the preceding
claims, wherein the functional GI disorder is anxiety

15 linked.

4, Composition in accordance with one of the preceding
claims, wherein the composition 1is selected from the
group consisting of a food composition, a pet food

composition, a dietary supplement, a nutraceutical, a

20 nutritional formula, a drink, and/or a medical
composition.
5. Composition in accordance with one of the preceding

claims, wherein the composition comprises additionally
at least one other kind of other food grade bacteria,
25 wherein the food grade bacteria are preferably selected
from the group consisting of lactic acid bacteria,

bifidobacteria, propionibacteria or mixtures thereof.

6. Composition in accordance with one of the preceding
claims, wherein the composition further contains at

30 least one prebiotic.
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6. Conposition in accordance with one of the preceding clains, wherein the

conposition further contains at 30l east one prebiotic. WD

2011/ 023680R0T/BR3910/ 062320 7. Conposition i n accor dan®eTwPeé10obmRM 7

wherein the prebiotic is selected fromthe group consisting of

ol i gosaccharides and .optionally contain fructose al act ose, nmannos
her 8 RS ankad,

e t
and/ or indtin; ~"BPaEY T ber8; Horo AU e¥ 1hg, CbWB%ﬁ?fPoﬁ%%1
accordance w thr-ane @f; & hesprecedi pgaclaidm, cwhergidu @t cheasts ©hg of
preferably at 1east 10% nore preferred at |east 15% of the Bifidobacterium
| ongum ATCC BAAL 999 s eclipablde $ natite @ohposial bn. cPO9% Conpdsitd onsin
accordance V\,itha Qetof th%a Egggdi%% cl%% wa@eﬁ in,atig%%ﬁt %%? ra
preferably at Yeast 90% nore préferP%dia east %@6op'the Bi fi'dobact eri um
| ongum ATCC BAA- 999xaneenotheepbfcating in the conposition. 1510.
Composition in accordance with one of the preceding clains, wherein

conposition conprises between 104 and 10li) cells of Bifidobacterium | ongum
ATCC BAA- 999 pePTMRAISY- dodeln afEordsmsssitildh PRCacthr 88fcePWRERIGRE of
clains 1-10, 2 1er.ein.conpositio ri.ses be n,102. and_108 .cel I s of
Bifidobacteriug% o%ﬁdm%&ﬁé?%ﬂvégggeéggpg?ﬁ Rﬁﬁf%ﬁgb%%i%EtT% Sghé%o’
conposition. mdzZe @POSIKicen 4 © aeeytdanse whEhtage parf 1deb peeeediunrg
clainms further containing a protein source conprising 25hydrol yzed whey
protein. 13. CbapositRLBACI BAdeTo? dante W dhlonen othe heoppesddiag- cl aims in
powder form having a water activity smaller than 0.2, for exanple in the

range of Qzlg'go%bs%rtefoeﬁ a9|ny ascnc%lrld%rnctehavpi&i 1ghe3oof the preceding

soy

claims, wherein at least 80%, preferably at least 90%,
more preferred at least 95% of the BRifidobacterium
longum ATCC BAA-999 are non-replicating in the

composition.

15 10. Composition in accordance with one of the preceding
claims, wherein composition comprises between 10° and
10'° cells of Bifidobacterium longum ATCC BAA-999 per

daily dose.

11. Composition in accordance with one of c¢laims 1-10,
20 wherein composition comprises between 10 and 10° cells
of Bifidobacterium longum ATCC BAA-999 per g of the

dry weight of the composition.

12. Composition 1in accordance with one or the preceding
claims further containing a protein source comprising

25 hydrolyzed whey protein.

13. Composition in accordance with one of the preceding
claims in powder form having a water activity smaller
than 0.2, for example in the range of 0.19-0.05,
preferably smaller than 0.15.

30
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