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PREPARATI ON OF A NUTRI TI ONAL OR PHARMACEUTI CAL PREPARATI ON FOR THE
TREATMENT OR PREVENTI ON OF HYPERPERMEABI LI TY OR UN- DESI REAURERREIBI LI TY OF
THE | NTESTI NAL WALL (57) Abstract: The present invention relates to the use

of gl ut agg@ongdgh for the preparation of a nutritional prepaicainQiidolg@t 'S
I ntended for use for the treatnent or prevention of excess or undesired

permeability of the intestinal wall. Inlparticular, according to the
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through the intestines, |ICU patients. surgical interventions, malnutrition

or i nt esti nalThgdnventionoelatés wethieqrepdsatiirest a hitritingiab prepafioNGharlisSRii@Ble
PCT/ NLO1/00104 | USE UTAMATE AN A GLUTAVATE P URSOR FOR THE
PREPARAT? %ﬂ“ﬁ“i\ﬁ?‘?ﬁf‘%ﬂﬁ@%ﬁﬁ@g@ wrﬁ%n %ﬂ?ofrﬁe InFESHIVENT
OR PREVEMBIION OF HYPERPERMEABI LI TY OR UNDESI RED PERVEABI LI TY OF THE

| NTESTI NAL WALL The invention relates to the preparation of a nutritional
preparati on tlhgtintestingljepifheléum acts as a selective barrier which allows the absorption of

nutrients but restricts the passage of microorganisms and undesired macromolecules.
Maintaining this barrier is considered to be important in order to protect the host against
the migration of pathogenic microorganisms from the intestines to the bloodstream. It is

10 assumed that the increase in the permeability of the intestines is associated with damage to
the paracellular transport system of the intestinal mucosa, as a result of which translocation
of endotoxins and (pathogenic) bacteria can occur. As a result of the damage to the
intestinal mucosa it is also possible for absorption of macromolecules to occur, which are
then able to initiate allergic reactions.

15 An increase in the permeability of the intestinal wall has been detected in clinical
conditions associated with damage to the intestinal mucosa barrier, such as endotoxaemia,
sepsis, multiple trauma, malnutrition, major surgical interventions, parenteral nutrition and
bumns. An increase in the permeability to larger molecules, such as proteins, has been
found in the newborn, but also occurs in healthy people if they are allergic to food

20  products.

It is known that glutamnine is able to lower the macromolecular hyperpermeability of
intestinal cells which is induced by phorbol 12,13-dibutyrate (Kouznetsova et al.
J. Parenteral Enteral Nutrition, 23 (1999) 136-139). A disadvantage of glutamine,
however, is that it is not stable at room temperature, which renders it unsuitable for {non-

25  chilled) foods with a long shelf life. Moreover, glutamine has poor solubility,

Instead of glutamine, specific products based on peptides, mainly di- and tripeptides,

are used. These peptides are frequently prepared from glutamine-rich vegetable proteins,

© such as, in particular, wheat protein, in which preparation method, following enzymatic
conversion, fractionation technology is used in order to obtain the specific peptidé fraction

30  as the main fraction. Examples thereof can be found in _JP, 05236909 and JP 08157385.
Such a preparation of these peptides is expensive and complex. Moreover, a product

obtained from wheat protein can be probiematic for some patients, such as coeliac patients.
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In an aspect of the presenf invention, there is provided a use of glutamate, glutamic acid
- and/or alfa-Keto glutaric acid for the preparation of a nutritional or pharmaceutical preparation
i_'or the treatment or prevenﬁon of hyperpermeability or undesired permeability of the intestinal
wall.
_ In another aspect of the present invention, there is provided a preparation containing
"free glutamate and/or a glutamate precursor and polyammes, in particular spermine,
. “':spernndme or putrescme and/or one or more polyamine precursors, in particular ornithin and
' iargmm
The nutritional preparation may be an infant formula or children’s food or an
enteral (functional/clinical/problem solving) food.

Substances that may be known to have a beneficial effect on the intestinal function



effectively treated or prevented by the admnistration of a suitable
quantity of glutamate and/or a glutamate precursor, preferably in a
nutritional preparation. The invention therefore rel atetl Augustid0@4iti onal
or pharmaceutical preparation containing glutamte and/or a glutanmate
precursor, in particular for such a use, as described in nore detail in the
. appended clains. Fromthe state of the art, for instance US 5,366,723 it is
- known to use a conbination of glutamc 4ci d, aspartic acid and cystein in
. decreasing the toxicity of platinum conpounds in the treatnent of cancer.

. One of 'the activities nmentioned is regeneration of the.intestinal nucosa.
Howev er (pergahilityacan alsobetadded. Ao atticukir, onsomsnoregiodyamintosuchdist spefriie,
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aspect of the present invention, there is provided a use of glutanmat®,

gl ut ani posteatal intestingrmatufationepemygabiliy of thecintesfie t¢ acpmeglendes Gibleafy)a
nutriti har ngceut.i cgl preparation for the treatnent or prevention
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cont ai nin free ' glutamate and/or a glutanmate precursor” and polyam nes,
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pol yam - Jn partieular ornithin a arginin. The nputritional
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(functiweghtcl i ni cal / probl em sol ving) food. Substances that may be known to
have a beneficial effect on the intestinal function 11 August 2004 2a
“(perneability) can also be added. In particular, one or nore pol yam nes
such as sperm ne, spermadi ne or putrescine or one or nore pol yani ne
precursors, in particular ornithin and arginin can be used. Such

pol yani nes are, for exanple, described-in Dorhout et al., Br. J.



Nutrition, 1997,.639-654 and in a report of a seminar held on 29 June to 2
July 1999 in dasgow, published in Proceedings of the Nutrition Society,
Vol . 59 (lssue 1), 2000, 81- 86. Polyani nes or the precutkbdugust B8¢4of can
have a beneficial contribution in e.g. postnatal intestinal naturation,

per meabiwOwLYys&83 t he i ntestine to macronol ecul es (all er gy) FCTNE01/00104

transl ocati on of bacteria, etc. The pr3epar ation contains preferably 0.05 to
10 g, nore preferably 0.2 to 4 g free” glutanmate per 100 g of the
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nutritional preparation according to.the invention can also contain
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t hose skid d&ds .h@xéé}ﬁcgéig) 15 Exanpl es of these are the abovenenti oned

di peptides and tripeptides. If the nutritional preparation is a food for

babi es or tBeldhwrisionsinereparatin accardiog 6f tig! invention niaksa cayitaihaglutaminé oom t he
1o AR RN b e RO ol Sl g B !
meapy tBxdhipiby a8 (Bt ATithe A6bEnintidhéR dlRbAd& MPkdgeptides. If the nutritional
preparation is a food for babies or toddlers, the weight ratio of glutamic acid : glutamine
from the free amino acids is greater than | : 1, in particular greater than 5 : | and very
particularly greater than 25 : 1.
Here a glutamate precursor is meant to include glutamic acid or alfa-keto glutaric
20 acid, a biochemical precursor. Glutamate can be in the form of a physiologically
acceptable glutamate salt (for example the sodium, potassium, caicium or magnesium sait).
As a source of glutamate protein hydrolysates can be used or freeze dried cultures of
(lactic acid) bacteria (probiotics) which contain glutamate as a protecting agent. An
example of such a lactic acid culture is Lactobacillus Reuteri, obtainable from Biogaia,
25  originating from human milk.
Free glutamic acid is understood to be glutamic acid or a salt thereof that is not
bound in protein or peptide and that has either been added or is present in the free amino
acid fraction of a protein or hydrolysed protein (hydrolysed proteins usually contain 10 -
20% free amino acids) or is present as a protecting agent in a probiotic lactic acid culture.
30 The preparations of the invention are preferably combined with suitable prebiotics
and probiotics, which have a beneficial effect on the intestinal flora. The prebiotics

comprise short or long chain oligosaccharides, in particular galacto-oligosaccharides and
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pr ot ei n ckll nise MT-ZOGL.bhoARis bammgn&icrcasmgly more important for studying this

paracellular permeability in vitro. See also the abovementioned article in J. Parenteral
Enteral Nutrition, that is incorporated herein by reference.

20 For the present examples, confluent monolayers of HT-29CL.19A cells were
cultured on permeabiiity filters. After 14 - 17 days the cells were allowed td grow for a
further two days without glutamine in the medium. The transepithelial permeability from
apical to basolateral was determined for horseradish peroxidase (HRP) with the aid of an
enzyme assay. Phorbol 12,13-dibutyrate (PDB, 1 mmol/l}) was used to increase the

25  permeability. The effect of glutamine, glutamate and the g-glutamy! transferase inhibitor
acivicin was investigated. All agents were added to the apical compartment.

It was found that PDB increases the HRP fiux 3-fold compared with the control. after
150-279 min stimulation (p < 0.001). Glutamine reduces this hyperpermeability
appreciably. Glutamate (0.6 mmol/1) héd the same effect (p < 0.001). Acivicin pfevented

30  the glutamine-mediated reduction in the hyperpermeability induced by PDB. This effect

did not occur in the presence of glutamate.

It can be seen from this experiment that glutamate reduces the macromolecular



cell line HT-29CL. 19A i s becom ng increasingly nore inportant for studying
this paracellular perneability in vitro. See al so the abovenenti oned
article in J. Parentera! Enteral Nutrition, that is incbtpogest@b0herein by
referen r the present exanples, confluent nonol aye - 29CL. 19A
cells weoﬁgo?icu z‘tg'ured on perneability filters. After 14 - 1%2”&“ cells
were allowed to grow for a further tw days without glutamne in the

medi um, The tra ithelial pernmeability from apical to basol ateral was
det ermmﬂ?leﬁﬁﬁﬁé%ﬁ%fﬁ%ﬂ%&m%e (HRP) with the aid of an enzyme
assay. Phorbol 12, 13-dibutyrate (PDB, 1 mml/|l) was used to increase the 25
pernmeability. The effect of glutam ne, glutamate and the g-gl utanyl
transf er aseExampbé 2or acivicin was investigated. Al agents were added to
t he api cal ?‘ﬁ ar.t nent.. IE was found that PDB increases the HRP flux 3-fold
conpar ed wi cleoRitygulent, glntamig geid-ognipining baby, fead for premetuge Aidren

A utsam was o g‘g,{@a&'f . pably. Qutamate (0.6

mol / 1) ha%ﬂ?ﬁ‘eégigﬁr#gk g?@bef%t% ?p <-0. kf ?f%%og\ggﬂ(gf%p B?Vé\%'n??dn%ri he

gl ut am ne- néeselinated mhgyctolids | n t he 3RPper per meabi ity i nduced by PDB. This
effect did noiab?c%?sr in the presenie of glutamate. It can be seen from
this experiﬁﬁ? % glutamate redu 848 he macr onol ecul ar 11 August 2004
WO 01/ 58283]al¥edé NLO1/ 00104 5 hyperpgigneabi lity in HT-29CL. 19A cel Is.
Exanple 2 A conpl ete, pulverulent, glut@am c acid-containing baby food for
premat ure c¥imenedrmilk, selids pr epar ed WBi4gh had the fol | owi ng conposition per
10G49 powder;..-. . dry matter: desalinated whey, solids 39.2 g vegetable fats
26.(12 g lac Igcszoesgf-yfw g skimed ml ',9%5%I ids 13.4 g 10 glucose syrup 0.90 g
soy | ecithigoyQedifhig 9l utamc acid g_.lggg L-arginine 0.05 g taurine 0.04 g

glutamic acid 05g
L-arginine 005¢g
taurine 7 0.04¢

15 L-Tryptophane N 0.02g

' nucleotides 003 g
microminerals and vitamins l4g
casein/whey protein ratio 40/60

20 % crude protein 10.8
% free glutamic acid 0.5

A fluid composition that contains approximately 15% solids can be prepared from

such a powder. Approximately 175 ml of the fluid composition is administered per kg

25  body weight per day.

Example 3

A food was prepared as in example 2, with the exception that instead of 0.7 g lactose

0.7 g galacto-oligosaccharides were incorporated per 100 g powder.
30

Example 4

A complete, pulverulent, glutamic acid-containing baby food for children with an



15 L-Tryptophane 0.02 g nucleotides 0.03 g mcromnerals and vitamns 1.4
g casein/whey protein ratio 40/60 20 %crude protein 10.8 %free glutamc
acid 0.5 A fluid conposition that contains approxi nat el yl189gus620@% can be
pr epar ed Wo® 01$8283ich a powder. Approximately 175 m of the fRQEIML@@Op®ISI tion
is adm nistered per kg 25 body wei ght per day. Exanple 3 A food was
prepared as in exanple 2, with the exc@pti on that instead of 0.7 g | actose
0.7 g galleghQeR!praniad RRhHAs W Rifowi i 00 gqbonder 30,
Exanpl e 4&%&(:0”65' gtpdg, pul ver ul ent. gfﬁ#ﬁ%ﬂ&%@ﬁ%y%ﬁ{ﬁ%R?ﬁagrb.a YK f or
children wi thiydelysedcaseis8283 11 Auguists 2004 PCT/ NL01/ 00104 6 allergy was
pr epar ed \AhivChV%bgdft ie follow ng conposition per 100 g powder - dry
matter: hydrS‘E §'%asein 13.5 g vegdtable fat 27 g glucose syrup 58.05 ¢
S5 taurine OgfiftoSe syrmparnitine 0.01 ggggggromnerals and vitanmins 1.4 g %
crude protein 12 10 %free ornithin 0.0éfl % free glutamc acid 0.3 Exanpl e
5 A ¥ood wadauysingpar ed according to dx@&hple 4, with the exception that 0.25
g arginin 1% and .0. 005 g sperm ne and sperm di ne was incorporated instead
of 0.255 g @ %aé%lg%esyr up Q).Olg

microminerals and vitamins 1l4g
% crude protein 12

10 % free ornithin 0.01
% free glutamic acid 0.3
Example §

A food was prepared according to example 4, with the exception that 0.25 g arginin

15 and0.005g sperminé and spermidine was incorporated instead of 0.255 g glucose syru;e.

Example 6
A pulverent food for young children was prepared to limit excessive crying which
contained per 100 gram:
20 lactic protein Ilg
fat 27¢g
lactose 56g
nucleotides 003 g
25 glutamic acid 045¢g
minerals, vitamins, probiotic 3.02g
water 25¢g

ratio whey protein : casein : casein hydrolysate 40:30:30

30 L. Reuteri (Biogaia) 1x10

% free glutamic acid 0.5



Exanple 6 A pulverent food for young children was prepared to limt

excessi ve crying which

cont ai ned per

100 gram 20 lactic protein 11 g fat

27 g lactose 56 g nucleotides 0.03 g 25 glutam c acid 01Abggst200ér al s,

vi t am ns,
casein h

gl utam c aci

probiotic 3.02 ¢
% e 40:30:30 30 L. Reuteri (Biogaia) 1 x 1%@
d’ 11 August 2004 WD 01158283 7 PCT/ NLO1/00 arrp e 7 A

water 2.5 g ratio whey protein : casein

pul verent food for older children witlg multiple functional properties was

pr epar ed,

cont ai ni ng per

100 grans: 5 lactic protein22.1 g fat18.4 g

| act o0se39 g sucroselO g 1l0al fa-ketoglutarate0.1 g fructo-oligosaccharide

(inulin)3 gmﬁhﬂgyi des0.05 g mnerals, vitam ns,

g 15 L. Reuteri (Biogaia)l x 10 8
A pulverent food for older children with muitiple functional properties was prepared,

containing per 100 grams:

10

15

20

25

lactic protein

fat

lactose

sucrose

alfa-ketoglutarate
fructo-oligosaccharide (inulin)

nucleotides

minerals, vitamins, probiotics

water
L. Reuteri (Biogaia)

casein/whey protein ratio

22.1g
184¢
39g
0g
Olg
3g
005¢g
485¢g
25g

1x10°®

75:25

probiotics4.85 g water2.5

goat's milk protein (comprising human-milk like sialyloligosaccharides) : 20 % of

the lactic protein

% alfa-ketoglutarate
% free glutamic acid

0.1

0.05

% free glutamic acid equivalents  0.15

Example 8

A pulverent food for children having hyperactivity syndrome (ADHD) was prepared

containing, compared to example 7, a casein/casein hydrolysate ratio in the lactic protein
fraction of 40:60.

30

The product contains per 100 g
L. Reuteri

1x10%

% free glutamic acid equivalents .45



casei n/whey protein ratio75:25 goat's mlk protein (conprising human-m |k

| i ke sialyloligosaccharides) : 20 % of 20the |actic prot ei n % %

al f a- ket te0.1 %free glutamc acid0.05 %free gl @ﬁﬂ%i%%’

equi val ent s@ys} 25Exanpl e 8 A pulverent food for children having 104
hyperactivity syndrone (ADHD) was premgared containing, conpared to exanple
7, a casein/casein hydrolysate ratio in the lactic protein fraction of

40: 60. The product contains per 100 g 30L. Reuteri 1x1 0 8 %free glutamc
aci d equi vahﬁ ‘? 45 WD 01/58283 8 11 PCT/ NLO1/ 00104 Exanple 9 A

pr obl em sol vi ng ?w d, glutam c acid-containing enteral food based on

casei nat e Anpkoblem-aﬂivﬁk% fhaid, legeiicatid-doneiningsaterall fiodl Bhstd 0% Gkstha@ ne)
was pregqc{ﬂlg whi ch, had 5 the follow ng conposition per 100 g: caseinate

5.2 g fRmiaerichy eggiabls ydealygrdaratein (3036 glutaminel wiag psﬁnacedcwmcg had
ar g|51| ”ﬁle%ﬁ%\%é%ffngﬁo%ltﬁy 3’&-}86? bohydrates 9.5 g ninerals and vitamns

lecit g 15 %crude protein 6.3 g %free arginin

0. 2 g caseinate 52¢
glutamine-rich hydrolysed protein 1.0 g
glutamic acid 06g
arginine 02g
10 fats 34g
carbohydrates 95¢g
minerals and vitamins 04g
lecithin 01g

water 79.6 ¢

15

% crude protein 63g
% free arginin 02g
% glutamin _ 03g
% free glutamic acid 06g



%glutamn 0.3 g %free glutamc acid 0.6 g 11 August 2004 5 10 15 20 25
30 WO 01/58283 PCT/NLO1/00104 9 Cainms 1. Use of glutamate, glutamc acid
and/or alfa-keto glutaric acid for the preparation of a Théugust20dhl , or
pharmaceutical preparation for the treatnent or prevention of
hyper per YEQ81588y or undesired perneability of the intesti ROTNBO001@. Use
according to claiml1l, wherein the nutritional preparation is an infant
formula or childrer's food. 3. Use acCordi ng to claim1 or 2, wherein the
nutritional preparation is an enteralciggd or a food supplenment. 4. Use
according to any one of clainms 1 to 3, erein the nutritional preparation

al so caontains lactic proteins ar, hydrol ysed |actic_proteins. 5. Use

accor di r?lg t(}? %5 ggq{%maf?:, ginutanye aﬂ’ldtaBg/g,r alfkete ighltafq?eacifﬁfop ithq prepAtalipepB2 at i on
al so  copkidaet VePehRAHE [ ydeal ysed ts. .t . 6. e
according to any onie? of giag%tarrg ?%%ragwmﬁgjr etlﬁﬁ r‘#ﬁ?‘g‘%@sz’é %?%‘t%fel{l?\ni gyased
as the hyperpemnaabiliy ot endsieed permiestslitycof diiecintegtitzd wally one of clainms 1 to 6,

for fhe treatnent or prevention of hyperperneability or undesired
perneability of the intestinal wall in a person suffering fromreduced

intestingl alsetagedrampao ek, Sheretn MSRBEGR ggeggrah'gn %1%13 @it Qorrdd1E or

preceding clains, wherein the nutritional pre ation SO0 contalns
gl ut am s8ildtenafoaskiui val ent thereof. 9. Use according to claimb5, wherein
the weight ratio of-glutamc acid : glutamne in the free amno acid
fraction is greater than 1 : 1, in particular greater than 5 : 1 and

10 3. Use according to claim 1 or 2, wherein the nutritional preparation is an enteral food

or a food supplement.

4. Use according to any one of claims 1 to 3, wherein the nutritional preparation also
contains lactic proteins or hydrolysed lactic proteins.

15 _ ,
5. Use according to any one of claims 1 to 4, wherein the nutritional preparation also

contains vegetable proteins or hydrolysed products thereof,

6.  Use according to any one of claims 1 to 5, wherein hydrolysed protein is used as the
20 source of glutamate.
7. Use according to any one of claims 1 to 6, for the treatment or prevention of
hyperpermeability or undesired permeability of the intestinal wall in a person suffeﬁng
from reduced intestinal glutaminase activity. |
25
8.  Use according to any one of the preceding claims, wherein the nutritional preparation

also contains glutamine or an equivalent thereof.

9. Use according to claim 8, wherein the weight ratio of glitamic acid : glutamine in the

30 free amino acid fraction is greater than 1 : 1, in particular greater than 5 : 1 and

preferentially greater than 25 : 1.

10.  Use according to any one of the preceding claims, wherein the preparation further



preferentially greater than 25 : 1. 10. Use according to any one of the
precedi ng clainms, wherein the preparation further WD 01/58283 11 August
2004 PCT/NLO1/ 00104 10 contains one or nore pol yani nes!? Augys&a2@94ul ar
sper m newosqIgssesdi ne or putresci ne and/ or one or nore pol yeRvNG1IRBARAUN SOr,
in particular ornithin and arginin. 11. Use according to any one of the
precedi ng clains, wherein the nutritidal 5 preparation contains 0.05 - 10

9. prefgmhhy s I er 100 nut.rjtional preparation
(dry vve‘i%ght) ) Och.ar Blsoéeggfé{)arﬁﬁ?%giﬁ %@%@%Wﬁ’ %Berﬂ?‘g’eéd?rr!ﬂm@ﬁ%mﬁ@,nd(ﬂrﬁer ei n
t he nutenetdromere popyamineprécarsory i particalanbithén AParpnif0r € Pr ebi ot i cs,
preferably selected fromthe group 10 - consisting of protein hydrol ysates,
nucl eoti des, gal acto-oligosaccharides, fructo- oligosaccharides, branched
ol i gosagchayji 8hfins R | ar| - Or ui val.ent.s  thereof 13. Use
accor di ng ?tgégﬁa?cone %fﬁt ﬁt’opé%ge%gic% @F%??r%’% \ﬁﬁ%‘@i herin the al 15
pr epar aprepATaiom tentaBisf0.@%ez €0 gt peefernblytd. Dt i4CS frek: Bhitakhieptr 00 § G6&Ridial €d
Lact obaci | | u& @?teni is t he source of glutamate. 14. 'Use according to any
one of HHEA AF'8%%i ns, in the case of deterioration of the nucosal
barrier, intestinal dysfunction or injury, suboptinmal intestinal wall
mat urati on of 20 new borns, undernutrition, suboptinmal intestinal blood
flow, a2 erldse asepmding tor ams|aratofothe pfecpdingoghiths, haetdhi el MuRbtehai he
viral diarrhoea, regularly crying children,

i ntesti | | ndot oxaem a, .

hyper acq;l ?‘\t/%avﬁ?ﬂ f ,congIBs, phe QF fmorp prebiptics, preferably seleeted dronrethe rgrouprs .
15.10Pr-@pasishin®N of OPraiel N Ut Qo d/ . t e. precursor and
pol yam n_esl, g2)5 f)i n parti CEY%FPEE?)%,M ne, ;ﬁgg?m%‘ancgo%lrlg%%?&?g'cq%ﬁ’e §Pr one
or nor ©higaraashitidesprhyauched  eligosacchprdes and asialyloligobiceharidesabi djuivalents

thereof,

=

13. Use according to any one of the preceding claims, wherein the nutritional
15  preparation contains freeze dried probiotics, in particular freeze dried Lactobacillus

Reuteri as the source of glutamate.

14.  Use according to any one of the preceding claims, in the case of deterioration of the
mucosal barrier, intestinal dysfunction or injury, suboptimal intestinal wall maturation of
20  new-borns, undernutrition, suboptimal intestinal blood flow, allergy, sepsis, translocation
of pathogenic bacteria through the intestinal wall, endotoxaemia, viral diarrhoea, regularly
crying children, hyperactive children, IC patients, patients after surgery or major burns,

15.  Preparation containing free glutamate and/or a glutamate precursor and polyamines,
25  in particular spermine, spermidine or putrescine and/or one or more polyamine precursors,

in particular ornithin and arginin.





