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-appl i catweneiisssgs continuation-in-part application of U S. deatinboiels

~ Application No. 09/498,905 filed on February 4, 2000. BACKGROUND OF THE TON
10 This invention generally relates to nmethods for maintaining, inproving
or increasing the synthesis of nucins, especially in the gastrointestinal

tract and lungs. The inventiorgpyCheIcel AUEESN 0 mai ntai ni ng, inproving
or increasing the synthesis of nucins_in a patient by admnistering a
nutritional conposition to the patien®iBrein the nutritional composition

contains a therapguty H yﬁ.rf[{g@m BrRUMEROVERIGBYRS | ncreasing
- the synthesis of nﬁ*@%&f%’#e y o isegse states characterized by

alterations to the mucin | eveSYNBHESISOF MUER¥S™hal inflammtory and
bacterial infections or other |ike disease states, can be effectively
.-treated? Mucins are glycoproteins which are a prinmary conponent of the

‘vi scoel astic gel %C#ig%%ﬁ,ln%g ,1096%%&‘8?15&-% LPRi IR TR U SUPbRGES Of

or
t he gastroint estmeaPretsr ac ungs. They are continuously secreted

fromthe sufRretodNo D24b8OQ5 &indl gaBitroarpde800hal tract; for exanple from
the goblet cells- They are in the formof |arge marconol ecul es conposed of
a peptide core and oligosaccharide side chains. The oligosaccbari de side

chains are |inked via 0-glygeRigheURINAE THIE ?m I@NI t hreoni ne residues
in the peptide core. The of'rgosaccharide side chains constitute,
appr oxiloat el y 90Vhisfintdntionpgmendlytichtes2td matiofs forrmaadainme, RREYIRE) PEsS
about 22% by wei.ght of the ti.de core. T 51t RIP Thoe
epi t hel i al ‘EE‘FP%‘?%%‘WW@}'@‘&%‘FIS&‘W@%%’%W P’p‘g%g& gllrégngﬁﬁbngs 1o omg"?%%(l ns such
as acids, Biléwidh fiffet Y8aRo 3y @@ﬁnﬁnﬂanr revihg rdrCinbreasing ithe apnthedidef r
toxins (Neutra, MR and Forstner, 7.F.; 1987, Phy,si_oI‘%% of . ~the |
Gast r oi nt eshiriab in 7 palidnt by eduvristeting p sutitieRgktpoppQsiion Qythe paient whreeny
10D9) . _Hence, LI, uoUs LUREL: 00800« MeibelBiaDl cfbARRlantlfbie B diRlcel B VNI C
acts to pr e'sgﬁ{‘u‘[“ﬁgglicﬁvn gf;’%%n g?\ Syt eﬁi’g spr 'gad _
15  increasing the synthesis of mucins, -2 variety of disease states characterized by
alterations to the mucin levels, such as, intestinal inflammatory and bacterial infections
or other like disease states, can be effectively treated.
Mucins are glycoproteins which are a primary component of the viscoelastic gel,
or mucus, which covers mosi of the mucosal surfaces of the gastrointestinal tract and
20 lmés. They are continuously secreted from the surfaces of the lung and gastrointestinal
tract; for example from the goblet cells. They are in the form of Jarge marcomolecules
composed of a peptide core and oligosaccharide side chains. The oligosaccharide side
chains are linked via O-glycosidic bonds to serine and threcnine residues m the peptide
core. The oligosaccharide side chains constitute approximately $0% of the mass of the
25  mucins. Threonine constitutes about 22% by weight of the pcpti(.ie core.
The mucus acts to protect the epithelial cells of the gastrointestinal tract and
lungs from toxins such as acids, bile, digestive enzymes and from enteric bactena and

their toxins (Neutra, M.R. and Forstoer, 1.F.; 1987, Physiology of. the Gastrointestinal
Tract, second edition, Raven Press, NY, pages 975 to 1009). Hence the mucus functions

30  as a major, local defense barrier which acts 1o prevent the invasion and systemic spread
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present in the gastrointestinal tract or lungs. Hence the heal thy Bt 3gugpg,
of the mucus is inportant to health. However, many di sease states are

char act ew@ersdays al tei ations in the nucus conposition. FoscExesinie:s

hi st ochem cal studies have denonstrated well characterized 5 abnormalities
I n muci ns during malignancy, cystic fibrosis, chronic inflamatory bowel

di seases, ulcerative colitis and Crohn's disease and during infection with
intestinal pEsmRicBanReHARbLRSHETESY pisbnt iA DR stitél rh@2 hunk 3f BeAdeOn and
lmunity, Vol. 60, No 4, pages 1665- 1612). S0, non-steroidal
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| npai r nent sc@fiosRiohAFbeb¥nle, ARtVRLERI AT {i8dikShavie enddittged @ell €hiratierized

transl ocation, gastritis, gastric erosions, peptic ulceratjon, and )

i nvasi ofs oftbnemmabiesnincmupme tdwring. myligneacy.sexshe fdfrene ehrppisdnflgpmateryt hod
of maintain Of:.LIpr owing..th nt hesi w9y 'qﬁm-n%UM}lggY E
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i ncreasi ng i@ tinatitdiesepapiieWiseS-Lnarl Qrddes K ; 1992 pbiyfeanios ned imguizy,
nutritional conposition or 20 sugﬁl enent that contains a therapeutically
ef fective aMelirfi0,d¥e fnpaassil§3-16d 2hLlspamnp-geroplal @H@Pﬁ@m}mﬂ?t gs ac -
adm ni steri . ' eyt f ' a5y f eoni ne
has a benefiﬂ%‘glftcg#g%twg% ﬁ%@ééﬁ?@éﬁ%‘%&%g&ﬁ%ﬁf& di's?aélggbpast%eg{ses
char actléx i zestidogoing trflaairhaiosy tespdrise maydiane irepmtesd, modie protugiion.chkefesylise

mucus in general and other |ike beneficial egffects...25 Ln.an enbodi.nent,
the present %) BFEHERAECT HOIRRINEODIHBE ROPTISTY ?E%J&’tcfsﬁgefg?cg'r Sl B

char act o1 | 26, oflbh il erdehrblEnThedis e Blon, it anasbheot paeietion (he

met hod conprises ente nis g to the patient a nutritional
conposi ti onbaderézn has a protein source including am no acids wherein

erbodi mont .t he BREEEHPSTTEARPTIT AGTHES A A cPPrf e bl 21

15 of mucins.

SUMMARY OF THE INVENTION

This invention provides metbods for maintaining, improving or increasing the

synthesis of mucins in 2 patient by administering a nutritional composition or

20  supplement that contains a therapeutically effective amount of threonine. It has been
surprisingly found that administering to 2 patient a therapeutically effective amount of
threonine has a beneficial effect on the treatment of 2 variety of disease states
characterized by alterations to the mucin levels, the condition of the mucus in general
and other Jike beneficial effects.

25 In an embodiment, the present invention includes a method of treating a disease
state characterized by alterations to the mucin levels in a patient wherein the method
comprises enterally administering to the patient a putritional composition which has a
protein source including amino acids ﬁherein threonine comprises at least 5.5% by
weight of the amino acids.

30 In an embodiment, the present invention includes a method for maintaining the

synthesis of mucins in a patient wherein the method comprises enterally administering

2
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 wherein threonine comprises at least 7.4% by weight of the amino acids.

In an embodiment, the present invention includes a method for increasing the
synthesis of mucins wherein the method compnses supplemenﬁné a diet of a patient by
adding a therapeuticaily effective amount of threonine to the diet.

20 In an embediment, the present invention includes a method for increasing the
synthesis of mucins in a patient wherein the method comprises administering to the
patient a nutritional composition that contains threonine in an amount of at least 30%
a daily recommended amount of threonine.

In an embodiment, the present invention provides a method for treating

25  intestinal inflammation in a patient. The method includes administering a
therapeutically effective amount of threonine.

In an embodiment, the present invention provides a method for treating
intestinal bacterial infection in 2 patient. The method includes administering a

therapentically cffective amount of threonine.



intestinal bacterial infection in a patient. The nmethod includes
administering a therapeutically effective anmount of threonine. 3Z&dUbulli
2004 WO 01/ x6405 PCT! EPO1/ 01013 I n an enbodi nent, the present invention
provi desyg ogfRkpad for reducing oxidative stress due to aggtrgpenpbessi nal
|nflannat|on The nmethod includes adm nistering a therapeutically effective
amount of threonine. An advantage of the present invention is that it
provides inproved nethods. for 5 maintaining, inproving or increasing the
synthesi s of Mgl 93 JbhuBal B prebud bk biATonagANca Gerinddh orpredseng

i nvention is th 't provi des ne % s for maEIntainin | mpr Qvi or
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nutritional conposition to the p &?ﬁt i ent wher ei H:.rt he nutriti onal conposition
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advant age of (NG RiGaa0k: LHEBILOR idvenhilips thi: iBVideemmgToLEDStions for

mai nt ai ni ng, i nprovi ng incteasing the synthesis of nucins in a patient
by i nceeashagtsibiig, fmpvalfdrdheasing the aymnthets efinieins et petiand t he pat i ent

e S R R e

tionis It provides
met hods f ea;}ﬂ la.%v(g}r iRbeasink %S%ﬁ'&sﬁd areﬁumﬂmhherpmmawage of
the present i nvent I on t I't provides nethods for. treatin | nt stl nal
i nf | ammat | atninist&ing |a amoitimal adwpotitign tof ﬂ@mé’aEF@s@Wquuhv@ﬁt’P t hat it

provi des nethods . for, treati l.nt.es r ction. 20 “An
addi ti onal CO&EB%?%@’&FJ“F ﬁgl T'%é‘@ﬁ?]ﬁ’” ?ﬁ?é;ﬁf'f 8“1% ‘%%E&%%pr ovi des.. et hods
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i ncreasing the synthesis of nmucins in a patient. Additional  features and

advant agesmafntmlnmgonnﬁmnhlgmmaﬁm the eynthesis of BRGISAD 2 PAREPt RY PPSTRRIE har ent
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merapeuncally effective amount of threonine.
A still further advantage of the present invention is that it provides methods fo'r._ |

15  treating a variety of disease states. |

Another advantage of the present invention is that it provides me;hod_'s: .'fp_{_ d
treating intestinal inflammation. . e

Stl another advantage of the present invention is that it provides methods forf ‘
treating intestinal bacterial infection.

20 An additional advantage of the present invention is that it prowdes methods for: . o
reducing oxidative stress due to acute intestinal inflammation by mcreasmg f[hc o
synthesis of mucins in a patient.

Additiona] features and advantages of the present invention are dcscn'bcd mn,
and will be apparent from, the detailed description of the presently prefcrred <

25 embodiments.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 illustrates graphxcally the effect of threonine concentration on the

fractional synthesis rate of mucoproteins.

30 Figure 2 illustrates graphically the effect of 2 threonine requirement on the food

efficiency of a diet.



Figure 1 illustrates graphically the effect of threonine concentrat iZC@”JU‘EnZ[}[IL

the fractional synthesis rate of nmucoproteins. 30 Figure 2 illustrates

- .graphical )y the effect of a threonine requirenent on the fon ficiency
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graphically the effect of a threonine requirenent on the fractional - .

synthesis rates of nucoproteins. DETAI LED DESCRI PTI ON OF THE PRESENTLY

PREFERRED EMBODI MENTS The present. i nvent‘ieé)n provt'é?es. met hods flgr th '

mai nt ai ni ng, | NERBYE Agilbstrates sraphiselhy herrilesy of RSETOREYE TFET e, pr the

adm ni steri.ng.to l: | 'gﬂ@l conposition that contains a

t her apeuti gg?ﬁ’?%?ﬁ%@ﬁ@%@%l%ﬁc%#&t reoni ne. The invention provides

nmet hods” of treating a variety of disease states characterized by 10

alterations to the nmucin levels, such_as,_ .| ' i nfl anmat ory and

bacterial infections or ot P@TW@ET’%'}L&g ﬁlﬁﬁ e.d nvention is-based

on the §inding that ent BRESENTANPREEERREREMBODIMEINLS ¢ oposition which

" contains a prot &l pmsente imantiarhedovidest redmds nfor nERRIBEEe fINPTR 2R ¥ect on

the synthesis of nucins. The protein.soupce .nmy Yostidht abh&irsidHLICe-

of ," 15 aMHERsERE 4 FH_H?""’?‘% n‘?’f‘ﬁlﬁ%d’}? ﬁd{nﬁ‘_}’eom ggt?égopr&e?(arrp%e, the

protein soupse iRy, 8 aiTebitzind ORI peuSOUlyWbiféctive camoum- ofl theeonimmcrBypept i de,

whey protein, “casein protein, soy protein, rice protein, rg?a rotein or

oat  pr ot ei fpventioniprovides methotlh of repiing 8ivas ety Pl giscash §alesot "1’1“‘56‘&5 Y may be

in the formof .intact protein, hydrol. L 04O Hatof) addl BekieHESintdchgsLOf -

Furt het? ifaltaféEPP%l?,tg?ﬁal"}ﬁs‘f%%ﬂ“&ﬁ%ﬁ"ﬁ%@% in the formof free am no

acids. 20 g oebr ke @elica® Wated he protein may be in the form of mixtures. of

intact protein or hydrolyzed protein, with .free%grri o.acti ds. Iﬁ%‘nﬁnai

enbodi nent, t hr €Blrs inentiaris basedan e finding e}, GCREY § PR PHMYE aci ds

of the protein squrce,..he OLEOBLEheR3R tAleBRink Hab ddknaficilabast 6%

by wei ght SR oé‘n\%ve!rlllghé}g?ﬁ%gg%&o%;ne%er aﬁl y at least 7.4%by weight of the

am no aci dsffect on the synthesis of mucins. The protein source may be any suitable SO‘HF?;_F_': .

15  amino acids that is enriched in threonine. For example, the protein source may be mﬂk
protein, egg white, aseino-glyco -macropeptide, whey protein, casein prdteix:i_,rsby; .
protein, Tice protein, pea protein or oat protein, or mixtures of these proteins. Also,thc T
Vprotein source may be in the form of intact protein, bydrolyzed protein, or xmx‘rurcs '
thereof. Further, if desired, the protein source may be n the fo@ of free amino amds -
20 In an embodiment, the protein may be in the form of mixtures of intact protei.n lb.r_ |
hydrolyzed protein, with free amino acids. o
In an embodiment, threonine provides at least 5.5% by weight of the .amj_n'o -
acids of the protein source. The amount of threonine can also include at least 6% by
weight of the amino acids and preferably at least 7.4% by weight of the amsno,_g;;'i_d's.j_ |
25  This may bc obtained by using a profcin source which is naturally enriched in threonine
or by supplementing other protein sources with threonine. A proteixl source whjcl}-ig.
naturally enriched in threonine is particularly preferred; for example sweet whey prd_teiﬁ |
or caseino-glyco-macropeptide. Sweet whey protein has a threonine content o:f about
7.4% by weight of amino acids and caseino-glyco-macropeptide has a threonine content

30  of about 14% by weight of amino acids.



25 This may be obtained by using a protein source which is naturall _
enriched in threoninc or by supplenenting other protein sources w ﬁﬁ JUL. 2004
threonine. A protein source which is naturally enriched in threonine is
parti culwoloy/spsoef erred; for exanple sweet whey protein OPCI/EP01/01013

casei no- gl yco- macropepti de. Sweet whey protein has a threonine content of
about 7.4% by wei ght of am no acids and casei no-gl yco- macr opepti de has a

t hreoni ne content 30 of about 14% by wei ght of amno acids. 5 2 9 JUL. 20h
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a naturally enric reonlne |d|ng nu I on

mal absor bi sy apaige it & nafurMaf Ieﬁxﬁ%}&d\rﬂh}dmﬂbt Exbzﬁéﬁnﬁ:aﬂé Proviiagt mpridbsies. The
protein source preferably provides about 10% to about 20% of the energy of
the nufri tnalabporbieprasientson patwnts exthapipleranchdo gtattareic®dur ce may provi de

about 15% o ahgy I&Ms%ckgfggalﬁﬁg%f ofied BDuP Yo% b ORI 209PBPAR kY- | The

nutritional conpos tlon e a car ydrate source

car bohydr asfahs ﬁﬂlﬂt@nﬂr:ﬁf‘@’o&hby Rorr exardsis, thb pritteid Sbwrct magipoartidesiiinb S¥he
energy of the nutritional co 03| tion, preferably 40%to 60% of the energy
of the nutieiaioBhk$% ofdbgensrey ehibe paiitopalRAmPOSIHAR. car hohydr at e source nay

provi de about 5344 gfuctfies SRERANsi0h thiy? KOTTRERIGLI B SRRl s O at s

may be used |ncIu I ng trin, rn starch, nodified starch, or
sucr o9®, ocarhohytdnste Sotirhe pedérablPiped @dasiabput 3% o rboy 66 Vorf the Engrgy pfe from

| act ose. The .nutritional 0sitio further,. include d..source.

Pr ef er abl yoitptiongl B?IBP%W%SP Bﬁﬁéﬁggg}g%‘béﬁ % SEA)Q’B R &t © éH‘%ﬁ‘%mﬁlﬁB ener gy
of the nutiddihiGbn. FiBRafpld, b cabRffarat Isum%é%a}o AR 2HAVE0% bheneener gy
of the nutritional conposi ion. For "exanp rlpld source Hay prOV|de

about 33% efferghel dissempostion feveat wlvqhaﬁeaws reav %Hﬁﬂéil‘il?%g wplie
chai n 1 P Rarr e R B o e, SR o YIRS 22& o
30% 116 abiUreeS®8MmAYXctv&l. ght of medi um chain triglycerides. For exanpl e,
medi um chain The nutritional composition may further include a lipid source. Preferably the
lipid source provides about 20% to about 50% of the energy of the nutritional
composition; especially 25% to about 40% of the energy of the nutritional composition.
For example, the lipid source may provide about 33% of the energy of the nutntonal
20 ° composition. _ | -
The lipid source may comprise a mixture of medium chain triglycerides (MCT)
and long chain triglycerides (LCT). The lipid source preferably includes at Jeast 30%
1o about 80% by weight of medium chain txiglycerides. For cxample, medium chain
triglycerides may make up about 70% by weight of the lipid source. Suitable sources
25  of long chain triglycerides are sunflower oil, rapeseed oil, soy oil, milk fat, corn oil and
soy lecithin. Fractionated coconut oils are a suitable source of medium chain
triglycenides.
The Yipid profile of the enteral c{omposition is preferably designed to have a
polyunsaturated fatty acid omega-6 (n-6) to omega-3 (n-3) ratio of about 1: 1 to about

30 10:1. For example, the n-6 to n-3 fatty acid ratio may be about 6:1 to about 9:1.
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nasogast r i ortautsedytefurk ﬁﬁ”t“t\%@l,o“of\hﬁ?mﬁég?nﬁmt“l’fg nb%afg%lpp%ﬁtfl% H%V Y)ga it
var i ougof | aygsonhl RRT S amNERIAO iy ofi a8y e Eaidsielior yesifasn el Ready
present. The nutritional Conposition may be used as a nutritional 6 support
for patientss drifk forfdudationy afe paticoleriztprefiemed oThe icapwpsisgn gray bededtP Auci n

production. For exanple, the _nutritional c S i Qs a
nut ri ti onal PAGBhBRL2 #a5PEASLRG %Wfdemﬂﬁ%tdﬁ?'ﬁd%g};& i’:ugné ﬁ%rﬁfzg%é%r y reglg%aﬁzté,
suf fering ffz&%@hmﬂrﬁj fibeR8, svielchersi RSl bbhermddiavéscmby bisodiespresemtl i gnancy,

chronic inflammatory bowel diseases, ulcerative ¢ I.hstiuimﬁ sand EQM ksnts
di sease, under goThe DEtrERPRESHMRASIOR PHCPULRES BRI P SPPRFT of of!

non- st &L01 4alereelsHtrh Ttk LIRBRApirélf tiEauceB @it produtlien. dios enaple) aiees.
The nut'?i tional gonpo’5|t|on may al so be used to restore nucin production
af t er t ot al mpgGenieomlposition irtaiy ba used as a nutritional support for patients undergoing an -

inflammatory response, suffering from malnutrition, suffering from cystic fibrosis,
malignancy, chronic inflammatory bowel diseases, ulcerative colitis and Crohn's
disease, nﬁdergoi_ng treatment which includes the administration of nop-steroidal

20 anti-:inﬂammatory drugs, and other like discase states. The nutntional composition may
also be used to restore mucin production afier total parenteral nutrition.

The amount of the nutritional composition required to be fed to 2 patient will
vary depending upon factors such as the pahent's condition, the patient's body weight,
the age of the patient, and whether the nutritional composition is the sole source of

25  nutrition. However the required amount may be readily set by a medical practitioner.
In genera],- a sufficient amount of the nutritional composition is administered to provide
1be patient with about 1 g protein to about 4.0 g protein per kg of body weight per day
and about 0.05 g to about 0.4 g of threonine per day. For example, an adult patient moay
be administered about 1.5 g protein to about 2.0 g protein per kg of body weight per day

30  and zbout 0.07 g to about 0.2 g of threonine per day. If the nutritional composition is



The amount of the nutritional conposition required to be fed to a patient
wi Il vary dependi ng upon factors such as the patient's condition, &hallL 200
patient's body weight, the age of the patient, and whether the nutritional
conposi Wwonifssies he sol e source of 25 nutrition. However tRETHERUINED anount
may be readily set by a nedical practitioner. |In general, a sufficient.
anount of the nutritional conposition is admnistered to provide the

patient with about | g protein to about 4.0 g protein per kg of body wei ght
per day and.about 0

. 05 tq about 0.4 of threaoni.ne per day. For, .exanple,
Do adult pies et e ey ta gl e Bt I gREPER BopreR gttt 80
protei n pefankifistfreP @AYy ML BRideRLisel aYcoddinglyd about 0.07 g to about 0.2 g of
t hreoni ne per day. If ‘the nutritional conpositionis 7 L 9 JUL 2004 " WO
01/ 56405 PCT/ EPDi¢ dfitidnaisedrasitian sngypiedpleent introulpiplredoseadas example At unt  of
the nutritjqnal conposition that . adm ni st er,ed | 1 ecr eased
?ccor di ng:%?z‘?fréom&ﬂi“ﬁ %ﬁ&iqugﬁ@ Wif‘r%?ygbetgfﬁzjﬁ%n% e'?{l% E?’e dosesb
or exanpl e ) ) diEBent! & Ent Yy chfibn RBides € of tRatkg) b dizeastBy DeE
taken in a single dose. SGIIn'n gn enbodi ment, the present_invention |ncludes

a method oftate charaétenzed byl altenations t the avsinderals &9 patienby Ths metbadiipriudes o t he
mucin levels in a.patient  The method | : : LRSheri ng
o the parTortls *AERPFErBRAr Eorier F PuRTIiRE ormpo b e b e

i ncl udi Ng RAERGNBRINSHE WHEAEQicills WHeRR tieodine indtitdes at lehstas§ %Shyohteight thei ght
the amno acids. The ampbunt of threonine can al so in(ﬁl ude at }q@aﬁft 6. 0%
and pr ef erzbing agids. Theamoynt of thppie gan wpe msludeipt least 6,87eAn0pre M
enbodi.npent,, I ' LMY dBg! udes increasing the synthesis :of
muci ns]%Fn lgastﬁgt?‘f%r?ss‘ggg}sl{u%%ﬁgnent|Ar?§&é diet of a patient with a

t her apeut i cal | ylrehs# embbiignentthel presedt it vention ineudeshiscrzasing theosyotkasisafi ne
added to the diet can include at ] eas

L .2mM - Pr.eferably. ..th Wt of
t hr eoni ne RPEHS iThp galaent F’Bﬁﬁ‘%ﬁﬂ?m@g?mtl"gagﬁg‘?ﬂt“? %){bgfﬁg}éu ,agﬁée%ﬁl}i# of
threoni ne 18,08 AHRAnERN 1R AavRdoLirddithd AEeAHE Mlcdictladd cludesaiast or

requirenents for threonine. In an enbodiment, the ampunt of threonine
added to tB@mMePrefocblydse amoins f thregsotlse rruges Somuhbnré §- M 19 23ount |

prefergbly aﬁ [I east 60% and nost preferably at |east 100% of this anount.
20 In ehd hent, the present invention provides a nethod for increasing
t he The amount of threonine to be added can be based on the recommended daily ~ .

dosages or requirements for thieonine. In an embodiment, the amount of threonine- :
added to the diet includes at least 30% of the recommmended daily amount, preferably -
at least 60%, and most preferably at Jeast 100% of this amount. ‘
20 In an embodiment, the present invention provides a method for increasing t'hc; '
synthesis of mucins Ey increasing the food efficiency in a diet of a patient. The food
efficiency represents the ratio between the body weight gain and the quantity of
ingested food during a dict period as detailed below in Example 4. The food efficiency
and thus the synthesis of mucins .can be increased by administering 1o the patient 2
25  nutritional composition that contains a thcrapcuﬁcally effective ampunt of threonine:
For example, the amount of threonine can be based on the daily recommended amount
of threonine as previously discussed. |
An embodiment of the invention provides methods of treating disease states
characterized by alterations to mucin levels in a patient. The disease states can include
30  a variety of disease states, such as intestinal inflammation and bacterial infection or

otber like disease statcs, as previously discussed. In an embodiment, the invention

g



synthesis of nucins by increasing the food efficiency in a diet of 3 00
patient. The food efficiency represents the ratio between the body gvelpbt{g"

- .gain and_ the guantity of ingested food during a diet peri.ed-33;4 il ed
bel ow i n“’l%&'r‘r%r"é’ 4. The food efficiency.' and thus the 337’%?%&1’3&% nuci ns

can be increased by administering to the patient a 25 nutritional =~ -

conposition that contains a therapeutically effective anount of threonine.-

For exanple, the amobunt of threoni.ne can be based on the daily recomended

anmount  of UhLA6N Mg A% R 2aaHe It AhachSE s ferbesiiieseia baerevent | on

provi des treating df sease states characterized by alterations
to muci n | énfebSonsn far rpdidiem bxidTine siiesedetosacatedotestinaliinBamagationeng foh; i et y

f di ' tates, h i nt esti | i | t] . terl [ ti
or ot hor I teanal SthS i, dPes? SRttt BIPE Hsnrard o paE it EprBIeT | O
the inventian;&Rriflg fdhphlOfa Wrerddeltidaif 4Boctive hhiddat 6 Qhibairerae preldsusiet hods

for treating rntestrnal”inflanmati on, for treati ng I ntestinal bacterial
i nf ect i &ns,difonssede The itvgouine dan ibeeadstinisisreddereparh 05 @ rdritional Lompeminon,

i nflammati on and for reating.ot her .ljke disease states. The methods for
treating dis§Bﬁa]§E’E§f%’t@é”ﬁ?’iﬁﬁ"g@mﬁﬁ&ﬁ%a&&‘ri ng to a patient a _
therapeutical |y 8§ Ha6bE ¥eamIeund nflickiftion ixa@phs of tieviretest inventitirsgeassed.

The threonine can be adm ni'stered as part of a nutritional conposition,
suppl enent followsher |ike nutritional substance. By way of exanple and not

limtation, exanples of the pregent j.nvention are as' follows: Exanple 1
10 Twenty four nale Wstar rats;igm% el I ghi ng about 200g, are used. The

rats hagve free BeessIotomaki Wistarbhe, eahsvepingizboue2D0g ats Gegr Thpsatsf 8

rats with each rat in a separate cage..EFach group of.rats_has f :ACCesSs,

for 3 days,bave @e@éﬁﬁsmWét%t%é@&f%%&&gdw%&‘{?ﬁaﬁ ?fit?ﬁ%?”@ﬁ&%ﬁ%gﬁv’f th -

Met . Thereafge raﬁ;éa group is fed, once a day, an anmount 15 of the.
urticl

control diet ht to meet 80% of t.he physiol ogical requirements for
growi ng of each Esth grotyeofedtd leas freermecegs,dom3 faysetace pntsl dift Haged YpoOsey in

hen' ot ar v GRFOIR SPRIERRGE BFSOTFLobuEger She g s DRt F e BtBbaleEs 2 e
wat er dur i ngrBiSntfdl ARt sufficient to meet 80% of the physiological requirements for gmwmg .'
of each rat. Thereafter, one group (the contro] group) is fed in the same fashion for the: -
remainder of the trial. The remaining groups are then starved for 2 period of three days.
The rats have free access to water during this time. '-
The remaining two groups of rats are then each fed a separate diet, once a day, o
20 in an amount of the control diet sufficient to meet 80% of the physiological |
requirements for the growing of each rat. One group (grovp A) is fed an enteral formula
based upon acid whey supplemented with 5% cellulose. The second group {group 1)
is fed a freeze dried enteral formula based upon sweet whey (available from Ncst-ls }
Clinical Nutrition under the trademark PEPTAMEN®) supplemented with 5%
25  cellulose. '
The protein content of the diets are as follows: the control diet contains 19.02 .
g of protein per gram of diet, enteral formula based upon acid whey contains 15.67 g
of protein per gram of djet, and the enteral formula based upon sweet whey contains
15.63 g of protein per gram of diet. Threonine provides about 7.4 % by weight of

30  protein in the enteral formula based upon sweet whey. In the entera] formula based

upon acid whey, threonine provides less than 5% by weight of protein.

9



The remaining two groups of rats are then each fed a separate diet, once a
day, 20 in an anmnount of the control diet sufficient to neet 80% o é gtﬂ'pm
physi ol ogi cal requirenments for the grow ng of each rat One group ( gr A
is fed awoaniiseqgl formula based upon acid whey suppl ementgscrigdioi@E%o

cel lul ose. The second group (group 1) is fed a freeze dried enteral

formul a based upon svveet whey (available fromNestle Cdinical Nutrition
under the trademark ' PEPTAMEN(r)) supplenented with 5% 25 cellul ose. The
protein content of the diets are as follows: the control diet contains
19.02 g of protein per gram of di et,.lif_ﬁédl_e!ral fornmul a based upon acid whey

contains 15. 67 of e|n di et eral r a
based upon smee%‘%e'ﬂ}g%co 11 Iésetm-%gcsgg m&;osarxgt%ﬁlné %gr kg aﬁ%(l)]f Ia ﬂ%
Tbr eoni ne mﬁ@uﬁiﬂe&oﬁeﬂwfﬂeﬂnd&&hﬁswmaer@inea&sﬂw&mn ln the enteral

formul a based upon sweet whey. In the enteral fornula based upon acid
whey, threonine provi des Iess than 5@6by meight of protein 9 L 9 JUL 2004

WO 01/ 56405—PcHEPOHAS ouu £ | tt eereE t t Tat
micosa is %‘ﬂ%ct ed ]?B'r%“g]é'é % at Th?:lﬁ\ak t hr eoni ne conten M}ic?ﬁﬁ%ﬁ:ﬂosa i s

then deterpined as f@kladys) 5 10 GrpydpBaya) ei n | nf(migde rhacodaniratetn)Thr cont ent

I n Micosa Praotein (g3 days)(rng/3 days)(rng/g nmicosa protein)
Cont r ol 8. 2{G@®0E9 AG 82%583 81 16. 3004. 30 The reffi% s of Exanpl e 1 indicate

t hat the starvetd—rats grotp—t+—t g htgher—Fogrent—of —threonrme T the
mucosa pro1‘§| n than f %Ise of grouy and a threohine content slightly
| ower thanijihe nornalggontent of tldu@se of the co@t3sml group. This

5

The results of Example 1 indicate that the starved rats of group 1 have a higher
content of threonine in the mucosa protein than those of group A and a threonine
content slightly lower than the normal content of those of the control group. This
indicates a rise in the production of mucins in tt;c rats of group 1.

10 ' Example2

An isotonic liquid diet is used. The diet is available from Nestle Clinical

Nutrition under the trademark PEPTAMEN®. The diet has the following components:

Nutnient - Amount per 1000 ml
Protein (hydrolyzed sweet whey) 40
Carbohydrate (maltodextrin, corn starch) 127 g

Lipid (medium chain triglycendes, 9¢g
sunflower oil, soy lecithin)

Vitamin A 4000 1U
Vitamin D 280 IU
Vitamin E 28 TU

Vitamin K : 80 micrograms
Vitamin C 140 mg
Thiamin : 2mg
Riboflavin 2.4 mg

Niacin ' 28 mg

10



- Nestle dj

indicates a rise in the production of nmucins in the rats of group } .
Exanple 2 An isotonic liquid diet is used. The diet is available f gnlum- 2004
ical Nutrition under the trademark PEPTAMEN(r) . T et has the
. follow n Wﬁ%%nts: Nut ri ent Anount per 1000 ml Protein (ﬁ%&’%&%@é sweet
whey) 40 g Carbohydrate (maltodextrin, corn starch)127 g Lipid (medium chain
tri)ycerides, 39 g sunflower oil, soy lecithin) Vitamn A4000 IU Vitamn
D280 U Vitamin E28 N Vitam n K80 micrograns Vitam n Cl40 ng Thi am n2 ngy

4 [N

5‘!

Ri bof | avimyz 0 NracT 28y 10z 8§30 2004 )\ 017 56240-5 PCTIEPOL/ 01013
Vitanin ES(S‘Z“ ?%‘? i c aci d540 ni cr ogr ans_Pant otxﬁgni c acidl4 ng Vitanin B 128
m cr ogr anFdBicaicidi400 m crograns Chol i ne450 rfp4Tamiciagedis ng L-carniti ne80 ny
M neral s
: Pantothenic acid 14 mg

Vitamin B 12 € micrograms

Biotin 400 micrograms

Choline 450 mg

Taurine 80 mg

L-carnitine 80 mg

Minerals

Calcium, Phosphorus,

Magnesium, Zioc, Iron, Copper,

Manganese, lodine, Sodium,

Potassium, Chloride, Chromium,

Molybdenum, Selenium

The diet has an energy density of 1000 keal/1 and the protein provides 16% of
energy, the carbohydrate provides 51% of energy, and the lipid provides 33% of energy.
Threenine provides about 7.4 % by weight of the protein source. Ten patients, of both

5  sexes and between the ages of éO to 60 years, are recruited for the study. All patients
have been diagnosed as suffering from Croho's disease, and the diagndsis has been
confirmed by histology, radiology, or both. All patients are given barium meal, and
radiography is used to assess the disease site in the small bowel. The patients are also
are subjected to esdoscopic assessment. A score of 0to 3 (0 = normal, 1 = mild

10  inflammation, 2 = moderate inflammation, and 3 = severe inflammation) 1s assigned to
each area of the bowel which is inspected. The bowel areas include, for example, the
terminal 1leum, caecum, descending colon, transverse colon, ascending colon, sigmoid
colon and rectum. Also, an assessment is made upon the condition of the mucus in area
of the bowel which is inspected. A score of 0 to 3 (0 = normal, 3 = severe reduction) is
15  assigned to each area.

Each patient in the study is fed the PEPTAMEN® product as the sole source of

putrition for a period of 8 weeks. Administration of the putritional composition is under

the supervision of a dietitian and is effected orally or by nasogastnic tube, as desired by

11



Cal ci um Phosphorus, Magnesium Zinc, lIron, Copper, Mnganese, | odine,
Sodium  Potassium Chloride, Chromum Ml ybdenum Sel eni um The dip“ﬁlaﬁ]m
an energy density of 1000 kcal/l and the protein provides 16% of enerqgy, ,
t he car betydrsues provi des 51% of energy, and the lipid prdTdEsI1R3060f
energy. Threonine provides about 7.4 % by weight of the protein source.
Ten patients, of both 5 sexes and between the ages of 20 to 60 years, are
recruited for the study. Al patients have been diagnosed as suffering.

from Crohn's di seas and . th | agnosi s, has been .confirned b i st ol ogy,
o o ogy (% PEHER: TAE DIk 10010 AR S BER R i RSP e Br Shpny i S

Used {0 25 36RFaricB iR ind et BahDRASTRE B wROKE bock s bR 2| SO

are subjected to endoscopi c assessnent. A score of 0'to = no

m | d 10 i nfdodosmipicoassesgmentmdontitmmanbh andmeucestyaleeschrS assigeder e

i nflanmation) is assigned to each ar; ea l@th he bowel which is inspected.
The bowel areas include, for exanple, e=termnal ileum caecum

descendkng col ong, $dn@Ns\RE SF1csAIRD assd SRR AAImG SbOdbnd S GH¥RL 11 FYa8Bnand
rectum Also, an assessnent is nade upon the condition of the nmucus I n area

of the bowdlavetimmoved iterpadsniaistermesther eutpponal tepnposion Hothrpatigits agever e
reduction) J§.s 15 .assign tpo each area. . Fach | | he,study .is fed
the PEPTA S r‘ﬂﬁé‘_ﬁl’pgﬂgz'tﬁé“‘gicc?i“’e et PR tesbfled o RIS of g
weeks. AdmMdricybhatidiRaefin bt Bakesi ti onal conposition is under the
supervision of a dietitian and is effected orally or by nasogastric tube,
as desired by 11 Z 9 JUL' 2004 "'Exapled{bevipglr) EPO /01013 the patient. The

05k e, Ukl LoDl AORAR Aok etk o S ABRAR Bl e
agai n undermaB&ed ondipean HT25906 setishumad colohicanmetoma cedls). HTE2GMEBX ues
are as‘si gnec%i]s were grown in normal Dulbecco's modified minimum essential medium (DMEM)
supplemented with 10% (v/v) héat~inactivated fetal bovine serum (Life chhno]ogieé)
and containing 25 mM glucose, 1 % nop-essential amino acids (Life Technologiésj, 2 )
15 mM glutamine (AJINOMOTO CO), 85 mg/L penicillin-streptomycin, 50 mg/L
gentamicin, and 1.5 mg/L Amphotericin B (Life Technologies). Cells were cultured at |
37°C in an stmosphere containing 10% C0,:90% air. The culture medium was cha.ngéd
daily. Experiments were carried out in T75 cm? culture flasks between passages 10 to’
20. Studies were performed in the late post-confluent period (21 days aﬁcr_sceding),
20 when all cells display a mucin-secreting phenotype.

For the experiment, cells were grown in the normal DMEM until conﬂuenc'yi(’l
days afler seeding). Then from day 7 to day 21 after seeding, several concentrations of |
threonine in the DMEM were tested, namely, 0.2 mM, 0.4 mM, 0.8 mM and 1.6 mM.
At day Zb, L-(3-°H) threonine (30 microCi/Flask) was added to a fresh 10 mL culture

25  medium. The incorporation of the radioactive tracer to newly synthesized mucoproteins
was determined for the following 24 hour period. |

After 24 hours of metabolic labeling, the culture medium of cells was removed.
Cells were washed twice with 10 ml of 1 X PBS and recovered using a rubber scraper.
Cells were homogenized in 0.05M Tris/HCI buffer pH 7.50 using a polytron at a low

30  setting (6.000- rpm, 30 sec, 4°C). An aliguot of each hormogenate was removed for the

measurement of the specific radioactivity of the intracellular free threonine considered

12




. conposit

Results 2 5 In general, the endoscopi c assessnent and nucus condi t i drisJULn20p
all" of patients have inproved after adm nistering the nutritional

\%Br}#g the patients as discussed in Exanple 2. Tf]@i—,@},@{,@w}j he

- treatnme |ver resulted in the rem ssion of Cohn's disease in nost
cases. Exanple 3 (In yitrol 10 The effect of threonine supplenentation on
the nmucin synthesis rate was analyzed in vitro in HT29-MIX cells (human
colonic carcinoma cells). HT29-MIX cells were grown in normal Dul becco's
nodi fied m gm £88 BRhEIRE b 1EHomb pénatdd Ty(a/sixe)
heat - i nact |a\g:§%gj: et a%gowﬁgﬂg%%n%m Technol ogi. es) g g conijlf ing 25
mM gl ucose exilu¥onorhesstograptly adftence aulf.ﬂru@ (CEfFﬁfl%aﬁFe(ﬂ*ﬁﬁ?F‘Sﬁl 85)noy gf'

gl ut am ne (A) TNOMOTO /,L penic rwﬁﬂ_sM

gent ani ci n,Bl¥RIYIpied Wﬁ“ﬁfﬁﬁnggrﬂrgﬁewsé #h E’%’Eﬁﬁ o% gps?; Qcolel I's were
cul tured aty ﬁ&@h'a'ﬂ1@0@c§1ta%wém%ﬁuﬁ%idadompwnbﬂ%£@etcaa%eaubwHHih@ Euﬂture
medi um was %anged daily. Experinents were carried out T75 cg%P,g ture

" flasks bet waslat mmméeamomas @Ometditdi ae:@dwe%ve;f@iqctﬂ*r@adlpﬁmf’ﬁ
post - conf | uen ri oda%%%égeaﬁ after $ee o’i'&l)zd lg%dlc‘!eﬁfbtélh& Bl hScglinibl ay a

r nuci n- secré’tC P EpRIne exper| nent, cells were grown in the

nor mal Mly‘dﬁ;ehils r‘iﬁn(fFBIG R ¥ncbpraiaing vihfstcﬁlcumamgﬁpﬁmd ib pemeadd(gay t o
day 21 after seeding, several concentrations of _threoni e i n &E %EM wer e

t ested, nan@bM): (FSR rFM(S@ccAlﬁmdlga@VFﬁm ein nuEoproifiR  DORCy

threom ne (3Q. mcr.oC resh 10 mL culture 25 rredl um
The mcorpo"tag‘t ‘qg’f '{lﬂ%acregé%a\rg%(%: five ?’?z}cer Dft)'o newl y synt hesi zed
nmucopr gpei ns was determ ned for theﬁashlm&m’ ng 24 how period. After. 24

hours of netabolic | abel | n the c ure. d| u She&éxﬁ &%%Js‘?ﬂ@é’ﬁ&t

Cel |'s were washedhe yisslts o °V‘m>l“ O R S ng a rubber
e oPreon srot ke éﬂegﬁ&n d rbnom@%&;dnsj Eﬁhhbsié frete pﬂnﬂu@m@mg a

setting (6.000 rpm 30 sec, g%(lot af each
honogenat e (asucoproin#SRY). Tivannegpsetriofsit W@W&"ﬁ@éﬁ”f?“\? OHRYE i ty of

the Intracel LUl ol oSS biloe0 AR W dhfcnbdud FATRRI W QRIS |

15  shown in Figure 1. The data values are mean values = SEM (n=6) wherein the data
values that do pot share a common letter are significantly different (p<0.05).
The mucoprotein FSR increased significantly from 0.2 mM (26.4+1.4%) to 0.8
mM (37.3%1.4%) of threonine and reached a plateau at sbout 0.8 mM of threonine. The: |
mucoprotein FSR geperally increased with the level of threonine in the culture medium '
20 under conditions which are not limiting in threonine for the cell culture as the cc]ll _
number and viability are not disturbed. |
These results clearly indicate that the threonine bioavailability in the culture
medium can significantly influence the mucoprotein synthesis rate in vitro. Thus,
whatever the disease state considered (Inflammatory Bowel Disease, infection, Crohn’s
25  disease, or other like discase states), the threonine requirement is increased for the
synthesis of threonine rich inflammatory proteins at the expense of the mucoprotein
synthesis. Thus, threonine supplementation can be an efficient and effective nutritional

intervention to stimulate or to restore the mucoprotein synthesis rate, and thus to

facilitate improved epithelial cell protection.

30 ' Example 4 (Jn vivo)




as the precursor pool. Micoproteins were purified fromthe cell honogenates
by a size exclusion chronmatography after a partial enzymatic di gestdibfllodl
non- hi ghly glycosylated and thus protected proteins. Purified mucins were
hydr ol yzwo oarse40s6M HC (24h at 100C), and their am no acPdTEMpPO®Iii on was
determned by HPLC. Ile. 5 outlet of the IN detector was connected to a
radi oactive detector (Radionmatic 500TR, Packard) to neasure the

3H-t hreoni ne incorporated in nucoprotein. The fractional synthesis rate
(FSR) of nucoproteins was cal cul ated and expressed in percentlday (%d):
(FSR = (Speci f i Theadfeotaftthw itirgorofie panto iothe dietmouhe mugieeanitbrsisIpiecis ¢

radi oactivity of intracellular frege threonin * 100),. 10 sul.ts 3 The
resul ts of “BRYAH B ¥VarbBONahm 1 FﬁB’r%VOI | T8N, 'Fllgrilﬂlyartlg{eessdétb ﬁiwgcf ect
of the threom Age W@ﬁhﬂ&hﬁ)ﬂmvm)edtiﬂe 4 groshd FefatSadl Rparafedia fiediofdual

mucoproteins ( coproteinFSR'). The fucoprotein FSR was determ ned for
each of theager Randad free ancenta wateoderning ali heexpémmentsd) in the culture

di f HT29- | | furth 5, sh in Fi. 1. Th |
re mos val ves A ARy BRRRPERAT PR 3 85 APYRUeh ke Yt ASertE) B oo
common | et tygkesay @ thEid ekddrimadtaiNielh Fdrey @nls. Eppefin @iyl didtaevertibagpdaiefree FSR

increased significantly fromO0.2 nM (}26. 4 E1.49% to 0.8 nM (37.3-FE1.49% of
t hr eoni ne anmdne ecidh Exgmar sphtheéadichtl 28836 protons A \GIYIBRABRYNPIEST thycgnne:
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the cell ciduong]l Resédiéh Toloheil HeHRE adton icfbido5),yBarGd% oif thesttuedyine These
results clearly indicate that the threonine bioavaj 53%{0[# tiz in.the.culture
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Di sease, ction, ohn"'s sease, or other |ike disease states), the
t hreoni ne r@ogups AyBndi3 wencpsafedwitbgraupd’. synt hesi s of threonine rich

inflammatory praofejns. at t expense. of .t he MUCQpsAle] DfoiinSd i NUS,
t hr eoni ne suppl Fei0F 5%F ﬁ‘%g‘%ﬁ’na fl9gduag dere %da gf\ﬁg‘%ﬁi‘gﬁut ri tﬁ?éﬁrll-al
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thus to facilitate inproved epithelial cell protection 0 Ex Le, 4 On
viva 135L 9’Q¥alize@@9% *C)/100g body weight. Animals were sacrificed after anesthésia by

exsanguination from the abdominal aorta between 35 to 53 minutes afler the 1-
BC-Valine injection. Intestinal ‘mucosal samples were obtained by scrapping with-a
glass slide and thercafler immediately freezing them in liquid nitrogen.
Rat mucosal samples were gently homogenized in 0.05M Tris/HC] buffer pH
20  7.50 using 2 polytron at a Jow setting (6.000 rpm, 30 sec, 4°C). An aliquot of each
sample homogenate was used to measure the 1-C-Valine emrichment in the
intracellular pool that was considered as "“C-enrichment of the precursor poel.
Thereafter, mucoproteins were purified as described previously for the in vino
experiment. 1-°C-Valine enrichments in mucoproteins were measured by mass
25  spectrometry.
Results 4
As shown in Figure 2, the effect of the threonine requirement and percentages
thereof on the food efficiency of 2 diet was evaluated. As discussed in Example 4, the
diets contained 30%, 60%, 100%, and 150% of the threonine rcqgircmcnts of rats. The
30 food efficiency was calculated as the ratio between the body weight gain (grams) and
the quantity of ingested food {grams) during the 14 days, and expressed in percentage.
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WO 01/56405 PCT/EPQO |1 01013 The effect of the threonine content in the diet
on the Inucin synthesis rate was analyzed in vivo in growi ng ratsZ§ JiHi pi0y
© .two nal ew§g}r%g&%- Dawl ey rats (90g) were used. They were gapgebibyisi vi ded
-into 4 gr ur}s of 8 rats and separated in individual cages. Rats had free
access to water during all the experinments. 5 After an adaptation period of
6 days on a chow diet, rats were adapted (free access) to their
experinmental diets for 3 days. Experinental diets were based on free

am - N0 aci dfe (RETFan sy e MilanGaMlicel: sErr GNPl LoRL VaRB iRES s sREFRUNLS o
t hr eoni ne: 2\) & Uhréoni me requirenment for growng rats according to the

r ecomrendatompsorolietttnare sigaificantdy diffesene.Counci| (revi sed edition of

1995); B) 60% of the thr i J10. i : 30% t i
r equi) r errzsnt : a(r)ld‘\bf‘ﬁ'i%g}ée‘gg'l‘“t‘nﬁé“ giﬁ[“’g%g: ﬁrt?gqgé]({éﬁﬁ%egﬁ%ﬂﬂh%%sﬁo tEg%J(i:#gr oup
vere fed le{gl DS RHPRE Eg?%@ﬁe G BileSning reqifref@}in thdiet! Sw4s signidashily wer e

pair-fed with group C ore"the sacrifice of rats, a floaoding donse of
| - " C Va$ i ndowafopeiefdietnmetaining B0 df thecthedoningirbquitsipentstofaatsthi -8 = EA¥h) ani nal

recei ved a bolus of 150 mcr I - G\l %0

wei ght Ani tRansfopgiets S%?‘P’f"igc@?") 5‘?71‘%?‘ Oﬁ’éétqﬁgg‘l Qrﬁ%y:L gi%s’%)n%ng %%(?%gﬁep%m t he
abdom nal  §0§of 9, PRl WR@Bnie ridiredhefsnut €s after the |- "C Valine injection.

| nt esLi nal nmucosal sanples were obtained -by scrapping with. a glass slide

and thereafter iAwssivat ol Table b&xilony) anddiigins 3. thpustirchpt thepereentese diRos al
sanpl es were gently honbgeni zed_ in 0 Tr.i : = sin
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sanpl ejpponpgenat ¢ was used to neasure tTABLE - Valinc enrichnment in the
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intracel lul ar pool that was considered as "Cenrjgch of the ,precurs
pool . Ther eaf t erDistucopr ot ei nge LBFEMRE i f i ed afS&&Efaﬁ bed pre vc?f?@leyi %M
the in vitro experinent. [|-" C?@;c%%ngnri chnments in nucoproteins were
"measured by mass 25 spectronetty. Results 4 As shown in Figure 2, the
cffnt of the threonine requirenent and percentaged23.phereof on the food
efficiency of a digt was eval uateg- di scussed | anple 4, t i€l S
cont ai ned 30% 60%%100% and 1500/39)1’/"Atshe t hr eoni ntla?'géui rements 2@?%{%‘
The 30;§00d efficiency was cal culated as the ratigp.detween the body wei ght
gain (grams) and

93.6

178.3
B 60 % _ 123.9 - 139.8 = 19.3
20 117.4

157.3
A 100 % 146.2 1435+ 6.3
135.3
25
117.6
D 150 % 159.1 138.5+ 12.0
138.9

30 Table } compares the fractional synthesis rate of mucoproteins in jejunum of

growing rats with respect to Diet A (100% of threonine requirem;nts). Diet B (60% of
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the quantity of ingested food (grans) during the 14 days, and expressed in
percentage. 14 Z 9 JUL 1004 WD 01/56405 xCT1EP01/01013 The dat al§dludBliar e
mean values t SEM (n=8). The data values that do not share a common letter

are signiyfd ety different (p<0.05). As further illustratgqipynkidyre 2,
the food efficiency of the four diets varied wth respect to the

percentage of threonine requirenent in the diet It was significantly 5

| ower for the diet containing 30%of the threonine requirements of rats
(11.8 1.2%) than for diets containing 60% (17.5 10.5%, 100% (18.8 0.8%
and 150% ( Aregning requigerggntHaict fr@8YH efdhreeginemeatrrmentisandgBigh I R 58dbl e 1
(bel OW) an%f Eﬁgghﬁm%’b ﬁhém%q)eﬁ?u?f:i Ep g gpag: &t &aQbn BP?‘ab]th. G 4%

requi renent on the fracrional swnthes $&r&tes o mucopr ot el ns was '

eval uat ed. vahfds hABinkad vilued + $ENDichnhaciib8Ritéddmdfighect.age . E SEM

requi renents 15 20 25 123.5 C 30% 109.8 80.4 93.6 178.3 B 60% 123.9
117.4 D 100% 15055 shppen imTablel agdEigyre 3, the synthesis rate of mucoproteins was the

5 lowest in the jejunum of rats fed with the diet that is the most deficient in threonine
(30% of threonine requirerments). As shown, the mucoprotein fractionai sjmthesis rate
in jejupurn was 143 %/day with the control diet {100% of threonine requirements), and
it decreased to 101 %/day with the diet containing 30% of threcnine requirements.
However, the mucoprotein synthesis rate did not increase with the diet containing 150%

10  of threonine requirements than what was observed in the control diet.

These results indicate that if threonine requirements for growth are not covered
by the diet, the mucoprotein synthesis rate is decreased. Thus, the threonine content of
the diet has an effect on both growth and mucoprotein synthesis rate in vivo in rats. This
demonstrates that not only growth but also mucoproteins syothesis is effected when the

15  diet is deficient in threonine. Accordingly, if threonine requirements are not adequately
provided by the diet, threonine supplementation can be an effective and efficient
nutritional strategy to increase or to restore the muc0pro.tcin synthesis rate, and thus to
assure a better epithelial cell protection.

It should be understood that various changes and modifications to the presently

20  preferred embodiments‘descﬁbed herein will be apparent to those skilled in the art.
Such changes and modifications can be made without departing from the spirit and
scope of the present invention and without diminishing its attendant advantages. Itis

therefore intended that all such changes and modifications be covered by the appended

claims.




117.6 159.1 138.9 101.8:E 9.4 139.8:1:19-3 143.5+-6.3 138.5:k 0.0 %3
Table 1 conpares the fractional synthesis rate of nucoproteins in jej i 200
of growing rats with respect to Diet A (100% of threonine requirenents),
Diet B (60%of 15 Z 9 JUL 2004 WO 01/56405 PCTI EPOL10] 0] 3 t hr eoni ne
requirenents), Diet C (30% of threonine requirenents), and Diet D (150% of
threonine requirenents). Figure 3 is a graphical illustration of Table 1.
The data values are nean values f Sgylas further illustrated in Figure 3.
As shown in Table 1 and Figure 3, the synthesis rate of nucoproteins was
the 5 lowest in the jejunumof rats fed with the diet that is the nost
defi ci ent Ln t reo(gtinge (30% of t h]rg,oni ne requi rements). As shown, the
nucopr ot ei h f r ddi6 YA PrayRseuLednelydmg arynp acids whersia NIREROMRFER t he
control diet (1Q0 f <t ni i , d; i d to 101

% day with the]agi feé%‘g‘cgh%?% ﬁS‘%B@%J@%‘ﬁ? r?%ﬁrge‘é‘uiﬂtr‘ee?f’g%éags‘? °\t5e‘i‘/er, t he
mucopr ot ei n sy nfutgtosal lcatrosiitidnifor tHenesatment off 4 Histhe stiteicha@biefibe B 150%
10 of threoninc requirenents than what was observed in the control diet.
These resul ts iakgrations t@ fhermpeintlevedoin spatieatui rements for growth are not
covered by the diet, the nucoprotein synthesis rate is decreased. Thus,
the threonine content of the diet has an effect on both growth and
mucoprot eiz) syntie @l & E1ain® 11 Whtb R thitohib SomPHses aﬂ%ﬁ&r@%rtﬁl%igﬁﬁa not
only growth but al so nmucoproteins synthesis is effected whenn the 15 diet is
deficient in thheamimeacidgcordingly, if threonine requirenents are not
adequately provided by the diet, threonine supplenentation can be an
effective and efficient nutritional strategy to increase or to restore the
mucopr ot eif sy S ; t‘,l;%} : : e - epi i cel |
protecti onj.q' Itnfs ou edOf[)(galﬁrgléZdr}?t’oo th{?e ?g‘?%ﬁsgﬁg‘%a%ﬁéﬂ%ﬁg%{d@%m ons
to the present |proteiid. pref erred enbodi nents described herein will be
apparent to those skilled in the art.

4, The use of claim3 wherein the sweet whey protein is hydrolysed.

5. The use of any preceding claim wherein the nutritional composition further

comprises a lipid source and a carbohydrate source.

6. The use of claim 5 wherein the lipid source comprises a mixture of medium

chain triglycerides and long chain triglycerides.

7. The use of claim 6 wherein the lipid source comprises from 30 to 80% by

weight of medium chain triglycerides.
8. Use of a protein source including amino acids wherein threonine comprises
at least 5.5% by weight of the amino acids in the preparation of a

nutritional composition for maintaining the synthesis of mucins in a patient.

9. The use of claim 8 wherein threonine comprises at least 7.4% by weight of

the amino acids.




Such changes and nodi fications can be made w thout departing fromthe
spirit and scope of the present invention and without dininishinglZi%®L 2004
attendant advantages. It is therefore intended that all such changes and
nodi fications be covered by the appended clains. 16 Z 9 JUL 2004 C ai ns
Use of a protein source inclydi ng am no i ds, wherein threonin onpri ses
at | east 5{ % by ‘We‘?f‘gl‘?? Jum %605% whereLn gﬁrepﬂmfah‘éorﬂ?%i?ér%tt feast &tﬁ’a y
nutritional coqp&gh{jgﬁegﬂﬁngFﬁdgreatnent of a disease state characterised
by alterations t0o the nucin levels in a patient. 2. The use of claiml
where in threonine conprises at |east 6% by weight of the amno acids. 3.
The use of claiygnl or 2, wherein_ the protein source conprises sweet whey
proteins. 4. ThEhGuse 8f claimy 48 Wheredh the REOtSiRegAUIGH €9MpFiseFWeslswhey
hydr ol ysed. 5. ¥H@hpse of any preceding claimwherein the nutritional
conposition fut her conprises a |lipid source and a carbohydrate source. 6.
The use of claim5 wherein the lipid source conprises a m xture of nedi um
chain triglycerides and |long chain triglycerides. 7. The use of claim®6
wherein t hle?-/l i pihe wwsuelcelaionidr whetsin thenptein GoBG: doynprissk ghscind-ginsat um
chain triglycerides. 8.. Use of a protein source including amno acids
wher ei n t hr eoni &R 5es at least 5 5%by weight of the am no acids in
the preparation of a nutritional conmposition for naintaining the synthesis
of mucins in a patient. 9. The use of claim8 wherein threonine conprises
at | east 7134% bhhemsegifitclanh 11t Wwherairi the saeetdgheylfroteid ighydralB8dd.10. The use of
claim8 or 9 wherein threonine conprises at |east 14% by weight of the

am no acids. 11. The use of claim 10, wherein the protein source conprises

sweet WNeY)4  The use of claims 8 to 13 wherein the nutritional composition further

comprises a lipid source and a carbohydrate source.

15.  The use of claim 14 wherein the lipid source comprises a mixture of

medium chain triglycerides and long chain triglycerides.

16.  The use of claim 15 wherein the lipid source comprises from 30 to 80% by

weight of medium chain triglycerides.

17.  The use of a protein source containing a therapeutically effective amount of
threonine, a carbohydrate source and a lipid source including a mixture of
medium chain triglycerides and long chain triglycerides in the preparation
of a nutritional composition for maintaining the synthesis of mucins in a

patient.

18.  The use of claim 17 wherein the lipid source comprises from 30 to 80% by

weight of medium chain triglycerides.

19.  The use of claim 17 or 18 wherein the protein source provides 10 to 20% of

the energy of the nutritional composition.




protein. 12. The use of claim 11l wherein the protein source conprises

casei no-gl yco- macropeptide. 13. The use of claim 11 wherein the swebtUigly
protein is hydrolysed. 14. The use of clains 8 to 13 wherein the
nutritional conposition further conprises a lipid source and a

car bohydr soyrce....15. The use of claim 14 wherein the.lipid source
Conr i ses 38 m  GEigal oot aha b § PJRie SLEccing g SEv AOI0S
triglycerides. JfereibNirdbhthelorfipriiedlal Ra¥inPAS By Wafphh Ptk SBHOGRI rises
from30 to 80% by relwei ght of On@ﬁﬁmacﬁal n trqllgfycgrhl ges}g 17. O'Cr(‘ﬁle&\s(tjfgg of a
prot ei n sour ce toaatingiandinepsa stdte charecterisal by akdrbvons toethamuein 1efels itha eoni ne,
a carbohydrate source and a lipid source including a m xture of nedium
chain triglycerR?488t-and | ong chain triglycerides in the preparation of a

nutritional conposition for maintaining the synthesis of nmucins in a
patient. 18. The use of claim 17 wherein the |lipid source conprises from 30

to 80% by 2Mei dite @mp@itiamdLalain 20rwigdryiaahe dagonihf cotipeises &t 1@hstqldgs m 17 or
18 wherein the protein source provides 10 to 20% of the energy of the

nutritional corgyo¥eighbef thegmmoagids. 2004 20. A nutritional conposition that
has a protein source including am no acids wherein threonine conprises at
| east 7.4% by weight of the amno acids for treating a disease state

characterized bpheatdfip@itiGof chifnhEZ BHAVNWh&¥R fhel frofein RBliic8 Homptises The
conposition of claim20 wherein the threonine conprises at |east 14% by

wei ght of the awesbwhey pmotein2. The conposition of claim 18 or 19 wherein
the protein source conprises sweet whey protein. 23. The conposition of
claim 22 wherein the protein source conprises casei no- glyco-macropeptide.

24. The usg of e phsRfitd 6edlhivn 83 WifehdiN ShPprvth sQfirck RbAPRsEECAsBinbe

glyco-macropeptide.

24. The use of a therapeutically effective amount of threonine in the
preparation of a nutritional composition for increasing the synthesis of

mucins in a patient.

25. The use of a therapeutically effective amount of threonine in the
preparation of a nutritional composition for treating intestinal inflammation

in a patient.

26. The use of a therapeutically effective amount of threonine in the
preparation of a nutritional composition for treating intestinal bacterial

infection in a patient.

27. The use of a therapeutically effective amount of threonine in the
preparation of a nutritional composition for reducing oxidative stress due to

acute intestinal inflammation in a patient.

28.  The use of any of claims 24 to 27 wherein the amount of threonine 1s at

least 0.2mM.




preparation of a nutritional conposition for increasing the synt hes'i of
mucins in a patient. 25. The use of a therapeutically effective am);ij Ulof004
threonine in the preparation of a nutritional conposition for treating
intestinal inflanmation in a patient. 26. The use of a therapeutically
effective anount of threonine in the preparation of a nutritional

conposition for treating intestinal bacterial infection in a patient. 27.
The use ofaq thAABRLOECAl! o BalRE VR BT RUKrein i hERHOAS EdnbBgtion
preparation of a nutritiohal conposition for reducing oxidative stress due

to acute intesontahs a ptétennsiuraninchudingamirenicid?8nd Wherain ehothresyinof
clainms 24 to 27 wherein the ampunt of threonine is at least 0.2mM 19 2 9
JUL 2004 29. THeatlsastex3%My weight of the apung acidy wherein the nutriti onal
conposition contains a protein source including am no acids and wherein
the threonine is at |east 5.5%by weight of the amno acids. 30. The use

of clai m 2 whertel tsd B€ didint 20 NwhEriiC eheC Pravéih SQRréeBpHh&Y swiktohvBey. 20

protein.




