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1 Milk fractions and milk preparations for treating and/or preventing
COX-2 mediated diseases The present invention pertains to nutritional
and pharmaceutical compositions for treating 5 and/or preventing
cyclooxygenase-2 mediated diseases and to a process for increasing the
cyclooxygenase-2 inhibiting activity of a product. In particular, the present

... ihvention alsp relates to the use of one gre more milk protein fracti .
Milk {536homs, R RSN L5, B OB A PLREER e GO e diated

diseadexclooxygenase-2, specifically for the preparation of a food product or a
medicament for treating and/or preventing cyclooxygenase-2 mediated 10
diseases. Cyclooxygenase (COX) enzymes are key enzymes required for

The p%@eﬁ?q}{@@f-ﬂenoi)@féméqwi?u@ﬁigﬁgl piﬁétﬁﬁﬁﬁiyéﬁl{ﬁﬁsép%&ﬁgﬁgnf& treating
of COX have been identified so far, COX-1 and COX-2, which differ in

and/onpmyaespectsclooxgeivexprossbdtednbticateelynt mostiesass fandrkBeasing the

is presumed.t I%Eresponsi le for the production of. prostaglandins tl;lat .
erelo R Al RSB D SRSt AP T RGALE B ention also

relategastie msicospaadibarneguiatianpedteantdoloodk flowl/ockhensem@nshore milk protein
isoform, COX-2, does not seem tq be constitutively expressed. in most of

prepagpfions HnBRKRIHEE K aHINHY Hdaieasanig beRsaHir il dricg Preparation

of a f$0AFHABCOBYa trldRbaNGT 6 inHamAatial é@&ﬁﬁ@éﬁ%ﬁgenaseﬂ mediated
Although COX-enzymes are found to be membrane-bound, they do not

diseasggve a conventional trans-membrane region. Instead, they contain four
amphipathic helices juxtaposed to form a region of hydrophobicity. This
hydrophobic region anchors the "lower" portion of the enzyme in the

Cyclomgiptrasee((TOX petivgnsiteané &gyleaxygenasqus tddaethinctierareamndParachidonic

., . hydrophobicijty n he amphipathic heli Substrate and inhibitors of
acid B EHTATS (oICPALT S O The T A G 2Hl EHEALro T COX-1 and
COoX-embridiediffdh lipithD ey AOxUsas Bxphbshidbaisstitiasiaplandins &issues and

_ other Lipid Mediators 61 (2000%, 145-161). _
is presumed to be responsible for the production of prostaglandins that control normal

physiological functions, such as the maintenance of the gastric mucosa and the regulation of
renal blood flow. The second isoform, COX-2, does not seem to be constitutively expressed
in most of the normal tissues, but is highly inducible and may be found at particular locations

only, e.g. at sites of inflammation and in cancer cells.

Although COX-enzymes are found to be membrane-bound, they do not have a conventional
trans-membrane region. Instead, they contain four amphipathic helices juxtaposed to form a
region of hydrophobicity. This hydrophobic region anchors the "lower" portion of the
enzyme in the membrane. The active site of cyclooxygenase is located in the area of
hydrophobicity near the amphipathic helices. Substrate and inhibitors of the enzyme are
considered to reach the active site via a channel embodied in the lipid bilayer (W. Krause, R.

N. Dubois, Prostaglandins & other Lipid Mediators 61 (2000), 145-161).

COX-inhibitors, and in particular COX-2 inhibitors, are used to treat a variety of different
diseases, such as inflammatory diseases, and are also used as analgesics. In addition, it has

been found that COX-2 is commonly over-expressed in premalignant and malignant tissues
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COX-inhibitors, and in particular COX-2 inhibitors, are used to treat a
variety of different 30 diseases, such as inflammatory diseases, and are
also used as analgesics. In addition, it has been found that COX-2 is
commonly over-expressed in premalignant and malignant tissues 2 and a
treatment with COX-2 inhibitors has béen shown to reduce the formation

O A e o L T oL R o Al )

esophTRAIMBEe|RYIBAl 3L SKGE $utrk BROBh R 1AM oRs ViHauEANlKKBWWBaramaiah, A. J.
non-steroidal anti-inflammatory drugs (so called NSAIDs), such as e.qg.

Dannepdisivs ARG isrERdirirgselcgisal S o 344 2R e My 18%ew class of

inhibitors (COXIBs) has been described which specifically inhibits the
COX-2 enzyme only (M. E. Turin, R. N. Dubois, Physiology And

VarioBiseeldnovmaoReterdda. £81(A00ENB86Y)drignever N8 AND4 His), such as e.g.
. .knovgln.o cause serio sts[r?%ects e _r}al Rroblet s and duozenal £ inhibit
aspirif) i STRHBIIRR W8I o W0 0171688 bisci 0SS MritoAs arges ©f Inhibitors
(COXpBaymaseistaalieqripesitatishviperetsiey threioiningecOUNR Sai¥me only (M. E.

compositions may comprise as a main ingredient acid Wh(ﬁégprotein or

Turinis,ReNyHayhoistelreri cahichcaddiftiifiycatierdpeptitiehas Hee?02). 35-57).
Howe@Mayed 1hoe remonah @b %élﬁ@ige‘fﬁﬁfsi@iHE%?fQCi%,%bé@%%Hﬁf@&@‘ﬁ%ﬁ%% duodenal

sweet whey protein concentrate with a cation exchange resin followe
and storeanhehearatioan weakly anionic resin. A combination preparation
directed to lowering the risk of diseases of civilization is described in DE
44 13 839. Said preparation comprises inter alia sweet whey protein,
WO OWHitHh98 tepdoied taitntesaat andhphtiraraconstiilieniaposagmesiuith wihrodd threonine
C, yitamin E, pro-vitamin A, vitamin B1 and. 20 selenium, in order to

contepfroviife HEHESTHSESHEMpEREife 8t UBHIBABSS UGS ¥ MG REA Ut OF sweet
whey (pRoN0 IGRMIIALRNIRARARINALINNSHROMRSISRS BURINSRANRE. [THCremoval of

~animal an anti-inflammatory effective amount of milk from a bovine _ _
said casgiRtaeseliniare Rt RN SRS HRE DY prodlen Petgm ooncentrate with a cation

exchange resin followed by treatment with an weakly anionic resin. A combination
preparation directed to lowering the risk of diseases of civilization is described in DE 44 13
839. Said preparation comprises inter alia sweet whey protein, which is reported to interact
with other constituents, magnesium, vitamin C, vitamin E, pro-vitamin A, vitamin B1 and

selenium, in order to provide the desired therapeutic effect.

US4284623 discloses a method for treating inflammation in an animal which comprises
administering to the animal an anti-inflammatory effective amount of milk from a bovine

maintained in an anti-inflammatory factor producing state.

Consequently, the problem of the present invention is to provide additional means for
inhibiting cyclooxygenases, in particular COX-2, which means should be associated with a

low risk of deleterious side effects.
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Consequently, the problem of the present invention is to provide additional
means for inhibiting cyclooxygenases, in particular COX-2, which means
should be associated with a low risk of deleterious side effects. 2a This
problem has been solved by providin%specific fractions and/or
preparation of milk which exhibita C X-2 inhibiting activity, for the
treatment and/or prevention of diseases mediated by COX-2. 5 In the
figures, Fig. 1 is a diagram showing the preparation of bovine milk
This praeliansHs BeinedeEXaympieyikihg P& ftaatbagratt/shpMparti®n of milk
__preparation of human milk fractions as outlined in Example 1.2.; Fig. 3is
whichaeyiibiam ShOWiAdRAPRS AEHGH of U S IPMIRREROHLCAPBNREAN P diseases
medial RfH*5,1.3.; and 3 Fig. 4 shows a comparison of the COX-2
inhibiting activities of various milk protein fractions and milk protein
preparations derived from human milk (HM), cow's milk (CM) and buffalo
In therHiIIfn(el?éM). 5 According to one aspect, the present invention provides use
in&ccordance with claim 1. The term “"treating and/or preventing
cyclooxygenase-2 mediated diseases" as used in the present application
. .comprises both, treating a disease associated with the expression, in 10
Fig. 143 aicitgr s aving das Sucerpresioh BpunadBildanctiens agoyflifred in Example
1.1.; preventing a disease which may be influenced by reducing the level of
cyclooxygenase-2 at a specific site in the

Fig. 2 is a diagram showing the preparation of human milk fractions as outlined in Example

1.2.;

Fig. 3 is a diagram showing the preparation of buffalo milk fractions as outlined in Example

1.3.; and
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body of an individual, or by preventing a rise of the level of
cyclooxygenase-2 at a specific site in the body of an individual. An
increased level of cyclooxygenase-2 designates an amount, which is
superior to the level of cyclooxygenase-2 statistically present in a healthy
15 individual at a specific site in average. A first group of
cyclooxygenase-2 mediated diseases, which may be treated and/or the
onset thereof may be prevented according to the present invention is

Fig. £aiieRvs CRMBHFREAY & itie PCBSANCeiR HiataptAGC dTIVRThEs milk protein
scientific data at hand it is presently assumed that in 20 pre-malignant and

fractiopg iantiticfiec baxepasioas-dzpresk épmimar sudk idéMaseqyv's milk (CM)
and bﬁ*gf@ﬁﬁ&n(B%Qx-z being associated at least in part in the induction of

tumor formation. In fact, such an over-expression of COX-2 has been

observed in several pre-malignant and malignant conditions in organs

uch as e.g. colon, stomach, esophaqus, liver, biliary stem,, pancreas,, .
Accorfliie, 0 bRt wie Ricsent pYERon proYides Ug i dcCOARCE R claim 1.

Also, a 25 successful treatment of tumors on the basis of COX-2 inhibitors
of the prigr art has been 4 achieved already. Thus, administration of a

The teqtn oBERTHE BRI RACTHE BrE¥elOmVRSitSA- et HliPAST S atigised in the

preserftNg 9[195?%%“@89119@5@@'b@ﬁg,/(?fdﬁ'fﬁigaﬁ'Qﬁﬁ‘éﬁ&s@g%%iﬁ&pvvﬁ@)@h% expression, in
inhibitors have been shown to block formation of prostaglandins, the

particplaseiibeals igriented iexasetiimaed withapreydenatepnantbbdasrppresyio a disease

. HPal Vv inf ' itional target i
i Ty YV IR 2 4 el in e
body ofvaniiod adredtmehy greienprevenikenof tikredehto oy drbixifisenase-2 at a specific

... rheumatic feyer, symptoms associated with influepza qr other viral .

it i BRURHS, ogo Mo GUR, AGHALHE FtRAERS) oAb RrAGT B, desiznates an

amousliSGASES 1§ iupdiserAl RiMer s disease ds ganstisereadia R A10@keaE in a healthy
disease according to the present invention, since COX-2 inhibitors have

indivigdgad AEASREFEC KHGAMAYESAESHve effect on the development of this
disease. The use of the present invention is designed for any individual in
need thereof, preferably mammals, in particular humans and animals,
A firse gyopptsf cyclooxygenase-2 mediated diseases, which may be treated and/or the onset

thereof may be prevented according to the present invention is cancer, comprising any of its
pre-cancerous states. According to the scientific data at hand it is presently assumed that in
pre-malignant and malignant tissues COX-2 is over-expressed, and that such increased
expression of COX-2 being associated at least in part in the induction of tumor formation. In
fact, such an over-expression of COX-2 has been observed in several pre-malignant and
malignant conditions in organs such as e.g. colon, stomach, esophagus, liver, biliary stem,
pancreas, head and neck, lung, breast, bladder, female genital organs' and skin. Also, a

successful treatment of tumors on the basis of COX-2 inhibitors of the prior art has been
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15 A "cyclooxygenase-2 inhibiting activity” as mentioned herein may be
determined according to a COX-2 screening method on the basis of
HUV-EC-C cells as indicated in the examples, below, but also on the
basis of other assays known in the art. 20 The therapeutically effective
amount of one or more milk protein fr %’[IOI’]S and/or one or more milk

tein preparation peC|f|caII uired for a.given indjvidual may easil :
achioVi Gt oy S AL SOCRENTD HS B P e pagaY invention
will be’mlgtaltlﬁqmlaﬁg @ @oY prekrifaciarss shedy asppedynveigit ages.

general health, sex, diet, time of administration, route of administration,
rate of excretion, drug combination, etc. Basically, the special dosage 25

Also, @QWQrﬁﬂﬂﬁﬂtBﬁr %%%@%M%thﬂ'ﬂ%%wr%&%féﬁ rWQgélTﬂcﬂns the presence

general prevention or an acute treatment of a disease is a|med at. For
of WhmlamFﬂmmtdélhyldoshgel@féamm ardoxegresitkoprpasin feactiand inflammation.

oron or more |Ik roteln reparations be chosen fr
A B R B R e acgoraing o e

preserflaily eoseg e ctfefamibﬁt ahatsrOptemghtivakioutihedpsr; kit aftheidiy waighhatic fever,
preferably from about 0.5 mg to about 100 mg, more preferably from

Sympt&H&uf‘?ssﬁ%afﬁda%ﬁf 1 HISRE e BUH MiBnk REtEraB fmeRthag. headache,

tootha®iek [QIBLAHE RV Gor T R AHILItIRAl AeEBPRSHIRMREDAISLEY thedigdRfed to be a
the present invention is any composition suitable for human or animal

target@Bmmmmdmﬁprthmgraﬁéhﬁtméimaﬁén@ S&ectédmoibierehgredsen shown to
have & Fbstéct{’l%%% ol H{Q?éoélﬁﬁl%é%{t%ﬁ?ﬂ%ecﬁsgﬁ?"hydrates fats. The

armaceutica composmon epared by the use of the present invention
is any 10 composition comprising at least one therapeutically active

compound as detailed herein. Moreoyer, the en nyention ide
The uig PR NPT DHARHEE A0S B BGAOH TROSHISE 0] BRESBeEp hepreterably

mamnARSeNpirvRalighwhie: camphisesare incpeased amount of said one or
more milk protein fractions and/or one or more milk protein preparations

providing a 15 cyclooxygenase-2 inhibiting activity, and which provides a
A "cyE¥SR98¥ASNR58:1h{BIREIMG i vity" as mentioned herein may be determined according

to a COX-2 screening method on the basis of HUV-EC-C cells as indicated in the examples,

below, but also on the basis of other assays known in the art.

The therapeutically effective amount of one or more milk protein fractions and/or one or
more milk protein preparations specifically required for a given individual may easily be
determined by the skilled artisan according to his general knowledge in the art considering a
variety of factors, such as body weight, age, general health, sex, diet, time of administration,
route of administration, rate of excretion, drug combination, etc. Basically, the special dosage
regimen for a particular individual will depend on the fact, whether a general prevention or
an acute treatment of a disease is aimed at. For example, the daily dosage of said one or more
milk protein fractions and/or one or more milk protein preparations may be chosen from

between 7 mg to 70 g in case of a person of 70 kg, corresponding to a daily dosage of from
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activity which is higher than the cyclooxygenase-2 inhibiting activity of a
nutritional and/or pharmaceutical composition wherein the amount of said
one or more milk protein fractions and/or one or more milk protein
preparations has not been increased. go Such an increased amount of
said one or more milk protein fractions and/or one or more milk protein

reparations providin clpoxygenase-2 inhibiting activity may be
about SR AHEPARGE b EUIE & BERA R G Y SLAEP BT £V e T about 100
mg, nSRISHRTEGHONFRRH/BRNESOMM@EahoilK RFOTEIMTY epr 2NeASHNY Prétrably from
substituting a milk fraction with a milk fraction wherein the bio-active
about d Qb ithepe)halléeen enriched. An enrichment may be achieved
according 25 to physical, chemical and biological techniques well known
in the art and may be carried out e.g. on the basis of the assay described
The nirritemampipssiTice pyeiposy danthecugeinitiditiry ectivitp eigipnaduety composition

.. . resulting from an enrichment or. addition as. outlined above should be for
st A R i S AR IR oo form e

groupleassid@no digheer gnd il padtididapapirrst earBomigheeqsdie
cyclooxygenase-2 inhibiting activity of the reference
nutritional/pharmaceutical composition, i.e. of the

The FHHHSARHRRAAGEHLRRLIRRRSEIP L hamiRg ysaPalt afdheradditiondkntion is any
and/or enriched one or more milk protein fractions and/or one or more
compefifiopretsppsearalris osaliecsapratisathpasitisncagprund as detailed herein.
nutritional/pharmaceutical composition having an increased
cyclooxygenase-2 inhibiting activity. During extensive studies, the present
Moreadaveentbestesnon strateddh girspéditicamilkgitioteih afrd&tiopsapnaveleieal composition

%ch)o enase-zhinhibitin[ﬁ(activity, which ssentiaJ‘IJ?y ma%/.not be found f said
preparfy Ry s, ise 85 TS RSP Hillk HY SHARD WRHSLERTURRG 18 bansbusgda migynt of sai
one ofBOFY iR RLIRUPRARS WiRl/HrelvoinitistastiviypRRsRT Repa-ivRaProviding a

milk seems to be associated with serurr_;fgcrotein_s. The caseins R
cycloqrugssanfed B HAGeas SVishradsly e BifdcPVidifain @ da@Rigenase-2 inhibiting
activit?/'%_t&‘ﬂt_)/s:' Mgffél? l‘ﬁeﬂ?tﬂl\{@mM&QQSQQQQH%M‘EQNEQ}’VE@%PQ)nlaYritional and/or

acidification or rennet treatment.
pharmaceutical composition wherein the amount of said one or more milk protein fractions

and/or one or more milk protein preparations has not been increased.

Such an increased amount of said one or more milk protein fractions and/or one or more milk
protein preparations providing a cyclooxygenase-2 inhibiting activity may be obtained either
by adding an additional amount of said one or more milk protein fractions and/or one or more
milk protein preparations and/or by substituting a milk fraction with a milk fraction wherein
the bio-active compound(s) have been enriched. An enrichment may be achieved according
to physical, chemical and biological techniques well known in the art and may be carried out

e.g. on the basis of the assay described in the examples.

The cyclooxygenase-2 inhibiting activity of a product resulting from an enrichment or

addition as outlined above should be for example at least 1 %, more preferably at least 5 %,
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15 As the said milk fractions found to exhibit an increased COX-2
inhibiting activity whey fractions of human milk, bovine milk, sweet casein
fraction of bovine milk, etc. or combinations thereof may be mentioned.
20 Additional sub-fractionation of soluble whey protein and screening
reveals that some sub- fractions of soluble whey protein from bovine milk

are preferred. In principle, separation and isolation of sub-fracti of .
most e BN ol g TRCGERICUD B RSO i tihatre higher as. the
cyclostesnatedranhbitii&hc@ivity bydrenbesistieiastittha?phieRaceutical composition,

erformance liquid chromatography (HI-HPLC), reversed-phase

Le. Oﬁ@ﬁ-wfmﬁaﬂﬂf@%ﬁhé@@mﬂ%}mﬂmmgqamttﬁé fire, asglgfonal and/or
enrich\é’@iSHeaB? %?%%M'E’Po%aﬁ‘%cé&&&%ﬁﬁ?& RIRCRIG 0O %ﬁﬁ@%&}ﬂ_ B‘f‘eparations -

principles of HIC are known to the skilled person. Generally, samples are
the sdomdedropsiinrequilibeatedrootumal/plstatiaceartyqahasehponiprisihgvang an increased
ho 'cnrlﬂﬁgerial gect[%i/rﬂting the samples. The hydrophobic material

cycloc@/ dror?as - 1t1 )
m¥1§ebe, Sor exampPeg, macrgporous crosslinked polystyrene,
commercialized as Amberlite Xad 16 XAD 16 from 5 Rohm and Hass, for

. example, 15 RPC TN 17-0727-02 (polystyrene-divinylbenzene) from . .
During Sxfepsie otBtish alBRtPHisE hISAVEE ASe demaRitaicd phsteitPreifsasylk protein

fracti A PIRC a8l L1HM JRlkahBaY i he sRHELIALS stV ithna RSt n ATiST ?fbnot be found

fraction is loaded, a buffer or a mixture of buffers (mobile phase) may be

in or pygesdertixy aferadlusmsueherdbihene mishing 60 Meffepsndiesandhnary, it may be
; piiing ) , ' subfeaci . .
suppod @Y ‘?hét"?ﬁ% ‘f(ﬁéiﬁ%’l‘%&E@g‘ir%?e?%efd{‘ﬁ‘r%%‘if'Hgﬁi% W IE35H90%e associated with

according to't rophobicity from the column. Separation of whey
serumppodetins atberdingite thsmsetesdisgiie $eivieed suppissivitasi@etts or contain a "latent

. __Sseparation and quantitation of the major baving whey proteins including.. . .
bioae i S ot A A OB L e BeCe g oy acflification or
rennetigatgaeiermance liquid chromatography on 15

polystyrene-divinylbenzene", D. F. Elgar et al., Journal of Chromatography

A 878 (2000) 183-196.
As the said milk fractions found to exhibit an increased COX-2 inhibiting activity whey

fractions of human milk, bovine milk, sweet casein fraction of bovine milk, etc. or

combinations thereof may be mentioned.

Additional sub-fractionation of soluble whey protein and screening reveals that some sub-

fractions of soluble whey protein from bovine milk are preferred.

In principle, separation and isolation of sub-fractions of soluble whey protein may be
achieved by hydrophobic interaction chromatography (HIC), or by hydrophobic interaction
high performance liquid chromatography (HI-HPLC), reversed-phase high-performance
liquid chromatography (RP-HPLC), and the like, all of which are based on the same
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The protein sub-fractions eluted from the column may accurately be
described by the composition of the buffer mixture or acetonitril content
that effected their elution from the 20 stationery phase. For example,
soluble whey protein may be loaded ogto a column filled with
polystyrene-divinylbenzene beads (15 RPC TN 17-0727-02 from

Amersham i a buffer A ylﬁ& defined gs O,Eljv -% trifluoroacetic acid.
separd P PIPRIIE 498 SBMRYF B apBECEhel HLed ol YBelltriskilipd person.

GenerdI8R Vohmled bl (vald¥e) ohfeantbguitikiagand liaispa: oh &y iehase)afinprising a
B may be controlled by a specific system, for example a FPLC (Fast

hydropheif matfitjald eriaihatdgrapny)nNicOReRRIN mHipHidlcraay be, for example,
macrdSSRSIS AR ARG BWY FRUEN 1B QI lg BRI RIRISIAd 16 XAD 16 from

sub-fraction may be défined by an elution range of mixing-ratios of the
Rohmatyad dlasenfionedamyffers| A REE BIN Jire) e <3k Cifid ytffencainpogitionzene)  from

Amer Ber%ause tn1eva uItlit%nmS or S%rbig Es%&jependent), the elution moment or
interval 5t protein sub-fraction may be described simply by the relative

amount of acetonitrile present at the moment of elution of a protein
fraction according to the invention, 5 If desirable, the sub-fractions thus .

Beforg theipaairiay hloadet amadds 159 eehniiiseLUssimabRa sauibiedyth a buffer.

After ARSYARMIALONMEAfIraige Qs dialyset Lot ninate AeBMNC RO hay be run over
before drying , for example by vacuum-, freeze-, spray-, fluidised bed-,

the celern, oW herglahérsunatieredsfingubferse 3o wnd sulosrdiionstistetpig, varying
prope{)ﬁ&%ﬂﬂﬁi@%&%ﬁ?ﬁﬁ I%Zl@—@/a%tl?&%-] 3%98%%%%8%1%%%%%%@}%&%&% the column.

romoting ition. According to an even m
Separamohodimerthictherpressntirovediign telatas tmsthiodrastidasciip®d 1Gy: ahsimultaneous

14, as shown in table 7, which are highly effective. 15 Generally, milk of
separgiion a‘HH“&%%E‘?ﬂa‘if i %%%PB?éBér hETFRISrGe H%t%ﬁé%?e peptone

and cREEIRIMAtEBPEPLIABSIBCGRIGREdD HACPIAsANdveRidRe Sidumianeshroilfatography on
acid whey and sweet whey may be prei)ared according to a process as
polystyrene-divinylbenzene", D. F. Elgar et al., Journal of Chromatography A 878 (2000)

183-196.

The protein sub-fractions eluted from the column may accurately be described by the
composition of the buffer mixture or acetonitril content that effected their elution from the
stationery phase. For example, soluble whey protein may be loaded onto a column filled with
polystyrene-divinylbenzene beads (15 RPC TN 17-0727-02 from Amersham ) a buffer A
may be defined as 0.1vol.-% trifluoroacetic acid (TFA) in water and a buffer B may be
defined as 80 vol-% acetonitril and 0.85 vol.-% TFA (vol-%). Then, the mixing and transport
of buffers A and B may be controlled by a specific system, for example a FPLC (Fast protein
liquid chromatography) UNICORN station (Pharmacia /Amersham), and flown through the

column.

The eluted protein sub-fraction may be defined by an elution range of mixing-ratios of the

above mentioned buffers A and B. Using the specific buffer composition (because the elution
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described in the examples. The terms "soluble whey protein” or "soluble
protein” as used in 20 the context of the present invention means protein
recovered in aqueous solution after an ultra-centrifugation (e.g. during 1
hr, at 100.000 g) or according to another process known to a skilled
person. The terms "non-soluble protein” or "micellar casein” indicate the

was material recovered from the sediment after such an.ultr )
order ST ALY, GEcHERG MR BB M A SIS figetion may be
descriBe8QicipgyteaaRtherprRCcesD KRV @SR RaSaN: gk RastiHady elution of a
hi(gfgccyclooxygenase-z inhibiting activity are provided by sweet whey

proteify AAcHOMAFCAINEAS HiedBYEREIRactions from cow milk, i.e. sweet whey,
sweet casein. For all three milk species investigated in the examples
(human, bovine, buffalo), the highest COX-2 inhibition rates are obtained
If deswaplswhesuihdiaonhishtbusobbiding ipeepbesuntecatprtsié by deambgdirnerall known

in te QS rERED0 IRVENToN: DG PIRIEIn BrapAIRtans provided 0o eSuBun: before
KOWRVEr wers Hot as effective as several mi protein Hactions.qt mayobe
dryinghusassumgd that acuthmmiteprotespifigctitngiaedasdirg doed-the pigsather suitable
. Invention positive synergistic effects are provided enhancing the COX-2
drying Ry activity. If desired, the milk protein fractions and the whey protein
preparations may also be combined. Studies directed to the identification
of the cyclooxygense-2 inhibiting compound(s) present 10 in the milk

The sghotemtipastidhedcibiting 1o PrdBetibitvéntiareshewedhnimtie be particularly
effectﬁ%?rr? E%%tmg%@% Fﬁ%{ma%ﬁ}v%&%%ﬂﬁg g‘?rﬁ? 50%&8%9#%@%%b0diment

own not to have any cyclooxygens ibiting act
the presenyailaintinanethtbe tetavitityraatione sh st 110, bindelgkatatton ol saigbdm@, which are
hiohl orgEm{e milk 15 protein fractions and/or one or more milk protein
18 yp? Sﬁfa}'t%ns may be further increased by protecting one or more
functional groups, such as e.g. -OH, -NH2, -SH, -COOH, of com- pounds

GenerIBS&A1II0 SRl MAROAHI eNRitkgr Bteindiatsions paskeriasenikmpesemilikactions or

protein ] ) )
protein preparations according to the present invention.

Skimmed milk, acid whey and sweet whey may be prepared according to a process as
described in the examples. The terms "soluble whey protein" or "soluble protein" as used in
the context of the present invention means protein recovered in aqueous solution after an
ultra-centrifugation (e.g. during 1 hr, at 100.000 g) or according to another process known to
a skilled person. The terms "non-soluble protein" or "micellar casein" indicate the washed
material recovered from the sediment after such an ultra centrifugation (e.g. according to the

steps as lined out in example 1 or according to another process known to a skilled person).

Particularly, high cyclooxygenase-2 inhibiting activity are provided by sweet whey
from human milk and by several fractions from cow milk, i.e. sweet whey, sweet
casein. For all three milk species investigated in the examples (human, bovine,

buffalo), the highest COX-2 inhibition rates are obtained with sweet whey, which



10

15

20

25

preparations. Such protection may be performed e.g. by a reaction with
one or more sugars or carbohydrates, such as e.g. lactose. For example,
a heating of milk proteins in the presence of 20 lactose yields lactosylated
proteins. After protection, the compounds will provide an increased
resistance against degradation, in particular a proteolytic degradation in
he body which in turn generally results in an increased bigavailability. A

sccord B AL OO Ay TS T ISR S0 o BLioat BB and thereby
a desired and controlled bioavailability. 25 The present invention pertains
to the use of claim 1. 10 The one or more milk protein fractions and/or

Wheypio s sl go PV iep Aetibrss Hisv g SO XS bitih § et as several
milk SRR BRI B IR ARLIRRIGAk RERITAL Aol 31983 ccording to
form containing convéntional non-toxic pharmaceutically acceptable
the poeseigrsneipienpssidyavapsnsiiveleidiass Tire tenovpladntotainasngsebe COX-2
. . ....herein includ ubcutapeous.5 injections, intravenous, intramuscular .
i GRS R R LR e R RN B BROAS preparations
may apoasenesebiigal.composition according to the present invention may be
used for treating or preventing cyclooxygenase-2 mediated diseases, such
as cancer or precancerous states, in particular of the colon, stomach,
Studit%s@ili’@@tgéﬁo"ﬁh%ricﬁéh@iﬂcﬁi%ﬂ’ éiotlﬁ’@@lgﬁ?@&( _ @quﬂ%ﬁiﬂg%rﬂﬁ%ﬁﬁh(s) present
. bladder, female genital organs' and skin and/or inflammatory diseases,
in theguidh @scieinritiecHoas raediv deve tosihn prensri b sodibie shith ekl that zhe @ompounds
her viral i I0 no d rati
must B L AR T M i, SRR o have any
cycloowtgitioszal anlpbatinmpaetivicgl composition according to the present
invention may be applied as a co-treatment during a conventional cancer
treatment and/or a treatment of a pre-cancerous state, a chemotherapy, a
The bisghatiabitherany tRebintbergPy AN dQpedt tngithr fiaatientoPfsai one or more milk

_inflammatory disease and/or during the treatment of Alzheimer's disease.
proteipractions and/or one or more milk protein preparations may be further increased by

protecting one or more functional groups, such as e.g. -OH, -NH,, -SH, -COOH, of com-
pounds present in said one or more milk protein fractions and/or one or more milk protein
preparations. Such protection may be performed e.g. by a reaction with one or more sugars or
carbohydrates, such as e.g. lactose. For example, a heating of milk proteins in the presence of
lactose yields lactosylated proteins. After protection, the compounds will provide an
increased resistance against degradation, in particular a proteolytic degradation in the body
which in turn generally results in an increased bioavailability. A derivatization may also be

used to obtain a desired solubility and thereby a desired and controlled bioavailability.

The present invention pertains to the use of claim 1.
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The one or more milk protein fractions and/or one or more milk protein
preparations provi- ding a cyclooxygenase-2 inhibiting activity may also be
useful as a partial or complete substitute for conventional medicaments,
such as e.g. NSAID'S. Thus, the inveria'on com- prises pharmaceutical
compositions for treating cyclooxygenase-2 mediated diseases as 25
defined above comprisin i{thera eutic II%/) effective amount of the said

The Qfige U MSFS MK REVSH rHREERESAABAP RS rPh JROTHilRPfoBiRteIn preparations
providfBPeEHON Sl @Re Qtivieyenthe@pentingaliviefiecive ingradiopicaBYshenteral, or

as a pain reliever; a potentiator; a H2-antagonist, a decon- gestant; an _
rectal glQseEesRAETH RDFEIENE SRRMEIHEPBRNBADSKYAS M AEIStAIRMHG; arPerfehte carriers,

excipi@lisUEFHRERS ARV EOHELCAPGE AN/ PIRGANGE I HAlSH: iﬁ@u&ésb;rﬁf‘cutaneous

pharmaceutical compositions containing the active ingredient(s) may be in
injectigny, formavsoitaklenfoaorscube, sucks@smlgnjablsts orochssoidzehgegies.

agueous or oily suspensions, dispersible powders or granules, emulsions,

hard or soft capsules, or syrups or elixirs. 5 Compositions intended for oral

The nusétioay he plepaiectadear dompoaiyimaibedikeovwnti thecsadtfonibetion may be
manufacture of pharmaceutical compositions and_such compositions may

used {4 {EF1IB8e Y RIGYS HHMhtSYSERSSribie thangriwis L atisrding owich as”cancer or

precaﬁ@ﬁ%@r‘iﬁge@g(?Htspﬂﬁlfﬁfﬁ@g(ﬁgﬁfétsaoﬁ%?rm&ﬁgﬁﬂt%@ﬂ)‘ﬂgﬁée[W@B, biliary stem,
agents in order to provide pharmaceutically elegant and palatable

pancresspheationad 10eTisblkrgsobitednt theladdive ifegetiepertjah atgandupadvitiin and/or
inflanfIQR3R '&iP&%@Eﬂ%ﬁgﬂtﬁ%%Whﬁﬁl%?ﬁ%@l?l'&%?@\'f%Pt%yﬁﬁﬁ Iﬁ?ég&{éiqgf%??}ﬁh influenza
g uor whni e 10r

ranufating, disintegrating an icating agents; which are suita
or oththrevindnufactioesoflianletsrhbe tabléishoay btharieoategt nertheye joay deseases, etc.
C eilt d.by knqwn techniques to delay disintegration and absorption in the
and/ Orlg éﬁglrpgl?ﬁﬁe 178 tract and thereby provide a sustained action over a
longer period. Formulations for oral use may also be presented as hard
gelatin capsules wherein the active ingredient is mixed with an inert solid

Additignadht, shasmusfiitalintaphaeeasHeien thempeygon according to the present

invention may be applied as a co-treatment during a conventional cancer treatment and/or a
treatment of a pre-cancerous state, a chemotherapy, a radiation therapy, a biotherapy and/or
during the treatment of an inflammatory disease and/or during the treatment of Alzheimer's

disease.

The one or more milk protein fractions and/or one or more milk protein preparations provi-
ding a cyclooxygenase-2 inhibiting activity may also be useful as a partial or complete
substitute for conventional medicaments, such as e.g. NSAID'S. Thus, the invention com-
prises pharmaceutical compositions for treating cyclooxygenase-2 mediated diseases as
defined above comprising a therapeutically effective amount of the said one or more milk
protein fractions and/or one or more milk protein preparations and one or more therapeuti-
cally effective ingredients, such as a pain reliever; a potentiator; a H2-antagonist, a decon-
gestant; an antitussive; a diuretic; a sedating or non-sedating antihistamine; an agent for

treating or preventing cancer and/or precancerous states, etc.
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ingredients is mixed with water or an oil medium. 20 Aqueous
suspensions contain the active material in admixture with excipients
suitable for the manufacture of aqueous suspensions, such as e.g.
suspending agents, dispersing or wetting agents, preservatives, coloring
agents, flavoring agents, and sweetening agents. 25 Dispersible powders
nd granules suitable for preparation of an agueous suspension by the.
The PRERRGT UA b EP BRI IR REIRE My BidRHS PR HIRUI i abe in any form
suitab@iSRRIYRI QEWELHFY 230€8t, GBEASNEinehagezeRgelNa et ®r oily suspensions,
_ preservatives. Additional excipients, for example sweetening, flavoring
dlsperamedeﬂwﬁﬁgsage%r@}lﬁﬁéyea@ﬁ r@é&%@rlsz)fwmep%t@iﬁlﬂaeﬁ@ﬁélr&
and/or the milk protein preparations as illustrated above may be used in
CompHBHLHONRL: RIS BARSWICAILY U sHANR{aRd SamBas ol wE¥A known in the
compositions may comprise e.d. at least one component from the group
art forctnsistingfottwetar{ photemasand/drcpspides)fatsndndiclarbohpdsaiess may contain

Said com ositi?n m furtglaer comprise minerals and 5 vitamins, e.g. in an
one o OGRS 15H 1597509 BFHE ST A HEEEraing 57015 Titine agents.
coloriliy aglebition AherpieseHehL ARSI iRns-aRRYcopnpvise filleirmateni@tally elegant and

flavoring agents, emulgators, radical scavengers, preservatives, acids,
palataplgqueppipdiaRy fruit juices, teas, etc. In particular, the compositions

prepared by the use of the present invention may comprise 10 e.g. a food

composition selected from milk, yogurt, curd, cheese, fermented milks, .
Tablewilkanssiad therraented mgeditsl(iDe-areadns xoeieavithsevprodictpharitkaceutically

ed powders, infant formulae .or pet food. Formulations which may he, . . .
sccep e SN WD dhobied O R bR o To AR o0 Tubricaing

agentgJwiksheag: arithbkis@f tairyapidedoeis; comtdatiomakhiebriagasy $eamasated or they
water, fruit juices or teas, comprising the milk protein fractions anglor

may Bee SOAEBnbr SHRE SRS ofdndelre s RERHSR. Abdirdhagrotion in  the

gastro?%%@ﬂﬁ{ﬂ&f@ét%\‘?ﬂh@gﬁs?%?JW&@‘H%U@ME%%&IP@%?%SM%@ ipefosen of
esser

Formulations for oral use may also be presented as hard gelatin capsules wherein the active
ingredient is mixed with an inert solid diluent, or as soft gelatin capsules wherein the active

ingredients is mixed with water or an oil medium.

Aqueous suspensions contain the active material in admixture with excipients suitable for the
manufacture of aqueous suspensions, such as e.g. suspending agents, dispersing or wetting

agents, preservatives, coloring agents, flavoring agents, and sweetening agents.

Dispersible powders and granules suitable for preparation of an aqueous suspension by the
addition of water provide the active ingredient(s) in admixture with a dispersing or wetting
agent, suspending agent and one or more preservatives. Additional excipients, for example

sweetening, flavoring and coloring agents, may also be present.
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20 preparations, gels or foams (such as e.g. "mousses" ("foams"),
blancmanges, jellies, flans, preparations on yoghurt basis) or in form of
shacks comprising a bakery product having a filling or center comprising
the milk protein fractions and/or prep Ztions according to the present
invention. The milk protein fractions and/or preparations prepared by the

use of the present invention may. also e.q. be applied in form of a to
The myll Py EiBaliAG R )OS v ERORE OB PRATIOET B HiEigabgve may be
used iillig Maigtishin, yhasaRvantiN Yoot tRIpAURod 2ot SERSHIGH RIEP R AP ositions

by the use of the present invention wherein the cyclooxygenase-2 _
may CRIRittiE Sciilgay PRECASIRPAAY Hem Big SNmAnBHAHBAMbIVater, proteins and/or

peptid0armacerical uianadingtienal JRed GABIP IR TultHRA ieHIAradd  Kerals and

food product. 5 The process for isolating sweet whey protein providing a
vitamigysclogxyyenaseciinhibiting Hikiviey |00 ipriste delfotlowigg astepsling to U.S. RDA.
n adfETEnG Mk 213,000, g g 30, minuies for (DIBININA 2 STEAM viny agents

ayer and a‘ayer St skimhed milk; seﬁ'araﬂné) said creamn}ayer; fsolating g agents,
emul ga@dalss kiaticre d oniln @i g espraglireayacaltipids] Caitd2ind auajueest teas, etc.

the skimmed milk such that a mixture having a concentration of 2 mmol/l

Cat' is obtained; heating said mixture 10 to 35 C and adding rennet having

\% ¢ . ; :
I D B s oy o o Sl S a e e e comprise
e.g. a frodingmpidittseteeted S rora mal e ivging euid. ke forapmedf mikgvithilk based
solut] H 20); ifugi ixtur 6

e e e A e L B BT formulac
or petda@ibt whey protein. 15 The process for isolating soluble whey protein

providing a cyclooxygenase-2 inhibiting activity comprises the following

steps: centrifuging milk at 13.600 g during 30 minutes for obtaining a

Form@:anslafatiancha tRyetpRlcaidneneonisiy sepapaiinpysaie &saaihiayeie for example
~isolating said skimmed milk; adding an aqueous solution of CaCI2 in such

drinks, §-8nf3uRiss ke daipnpreducts, conventional beverages, such as water, fruit juices or

teas, comprising the milk protein fractions and/or preparations prepared by the use of the

present invention.

Additional examples for advantageous formulations are e.g. compositions in form of dessert
preparations, gels or foams (such as e.g. "mousses" ("foams"), blancmanges, jellies, flans,
preparations on yoghurt basis) or in form of snacks comprising a bakery product having a
filling or center comprising the milk protein fractions and/or preparations according to the
present invention. The milk protein fractions and/or preparations prepared by the use of the
present invention may also e.g. be applied in form of a top layer or coating on any
conventional food product or be included as a filling material in any conventional food

product.
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centrifuging during 1 hour at 100.000 g for separating soluble whey

protein phase from the non soluble micellar casein phase; and isolating

soluble whey protein phase. 14 Due tg their cyclooxygenase-2 inhibiting

activity the milk protein fraction prepared by the use of the present

invention will provide alternatiyes to conventional NSAIDs, in pg%ticulfilr in
ases

[
The produet MEPATSURNSRIBE aPL E8hPACHlic RGN UORHHISTS Ba i BYclooxygenase-2
inhibitfeividuaisysifRidnensk@mMNCBESa GRa0N atiandisardamPokis iy isRasa8al and/or a
_etc.. In addition, it may be expected that 5 such a product will essentially
functigpad EQOd rOBNPRYIBOR, diRAEHFaHA arfinyalpaden be consumed even
over a long period of time. This will in particular be of high interest when a
prevention of a cyclooxygenase-2 mediated disease is desired, e.g. in
The masessf rssokitimestmeet! wheavemteincemsedingkaoicgelasivpgegase-2 inhibiting
._.cancer due tg their genetic pre-disposition or dye t osure to well .
sty e o T T ol L sert 46 Sy SR minures for
obtaindigt ahdgnin faieancdawdnddibgrskexpresunelio, sbpanicalg, id krAsnmillyer; isolating
. roducts have been consumed since ages_by mankind, it may be ) )
said SE&EBE% t HGUICAB AU SPdeRcahiedt bribaretgPitid udee okigamed milk

such tREESSRLIveNtian Wil betighbiRecspiet M e GoNSWBeRedoRng said mixture
following examples illustrate the invention without limiting it to the specific

to 35 embodisddiits rangohednE wanaples e ofAlDsol ety ehe wpamglpeediter (e.g. in an

P r n r d fr (Djeti itzerl p .
o R 1 CFU A Y ¥k o o
heatingusifidamdxtusy sie 25 RO el eycWbikaigwihi Switxartand) ompkast 4.6 with an aqueous

solutiéﬁfé}fﬁ@%%x? eé’(c:%fét:r) rmﬁ%%@é@é{%ﬁ%ﬁ ch%uErzlé) 36| ?n%n@t%g/o'ﬁ order to

obtain a phase separation; and isolating sweet whey protein.

The process for isolating soluble whey protein providing a cyclooxygenase-2 inhibiting
activity comprises the following steps: centrifuging milk at 13.600 g during 30 minutes for
obtaining a cream layer and a layer of skimmed milk; separating said cream layer; isolating
said skimmed milk; adding an aqueous solution of CaCl, in such an amount to the skimmed
milk that a mixture having a concentration of 2 mmol/l Ca®* is obtained; centrifuging during
1 hour at 100.000 g for separating soluble whey protein phase from the non soluble micellar

casein phase; and isolating soluble whey protein phase.
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25 all from Merck. 15 Rennet ("presure simple") was produced by TEXEL
(38470 Vinay, France) and was obtained from Rhone Poulenc Rohrer
(Cooperation Pharmaceutique Francaise, 77000 Melun, France; Batch
No. 101089007) with an activity of 50 mg active chymosine per liter. 5
Example 1 Milk Sample Preparation ndard steps for the preparation of

milk fractions were perfor. as descrlbed lais, 10 Science du
Due 1§ i 0 B PG UL L BRiaPLe: BRI BaSIAD, B 98 Hepared by the

use of28r3préRdlindeh@RnURigepexmliciMdAtiGHRAORIVERRoRAIENSNERIEN particular

laboratory-scale fractionation steps were developed starting from

in casgprvistoral NaddinaassiRpsedadisiestpmdingyintasseiebavdivihipls suffering
from 1§1%9Psr a@%ﬁﬁ'ﬁ@ﬁ)ﬁ&%’&gek}cﬁﬁ&gﬂig’@%@yé&crqgsﬁal%ﬂeﬁf rEbt&‘?pected that

below indicated process steps, in‘particular by performing a centrifugation
such atprigtuatcelbratieentatdy dedfspecifickilytadaptedideashiogsteps.niay therefore be

e milk 20 ovine milk,was.obtained fr a local market "'h?
consu GBS c o B DR P RS R AT P T S o erest when o

prevemiieansofa eeNdiiugainRd2vingdneacdaleisdion rageitidl foels 680q@se of persons
using fixed angle rotor Sorval GS3 (9 000 rpm, during 30, minutes).
pr esu@?&rﬁ?@%wmfz 1BBEF AP D vk Sb IRtk g SRRFERAP I RRAIRFiRTdisposition

or dudoR £p Lyesurites seRpialinpofitiefiRRRYaZ0AHRfialmed RIK g a typical

were obtained. The separation of sweet whey from casein is achieved by
"Westgriygintitiei gle sarfrdp aof dRivh i dibassil - ipgoiein dalseiebsiirlg.)520 | of a

200 mM (200 mmol/1) aqueous solution of CaC12 were added to 520 ml

of skimmed milk in order to reach a mixture having a final 16
As mﬂhrmemnatk)havhzmm ooty ofiG@? dgdhisyskimmkimd millkrayxhrexgsted that a

functlonﬁt‘% oaclit or medlcament prepared by the use of the present invention will be highly

accepted by the consumers.

The following examples illustrate the invention without limiting it to the specific

embodiments mentioned.
Examples

All solvents were of analytical or HPLC grade and were purchased from Merck (Dietikon,
Switzerland). Water was either purified in-house using a Millipore Milli-Q water purification
system (Millipore, Volketswil, Switzerland) or was HPLC-grade (Merck, Darmstadt,
Germany). CaCl, x 2 H,0, HCI (32%), sodium hydroxide, perhydrol 30% H,0O, p. A. were
all from Merck.
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and then 250 | of rennet were immediately added under moderate
magnetic stirring. After 1 min the blend was incubated during 50 min
(minute(s)) at 35 C in a water bath, poured in bottles for centrifugation
and subsequently centrifuged during 3Q minutes at 13.600 g (fixed 5 angle
rotor Sorval GS3; 9 000 rpm, 30 min) In order to separate sweet whey
from the non- soluble rennet casein. The 476 ml of supernatant (i.e. the
"sweet whey") were fractionated in 10 x 1.3 ml aliquots (Eppendorf) and

Renné#Q preplastisipres, waigrouace danetfekiswemsavbeyiniinzaale) and was obtained

immersion 10 in liquid nitrogen and stocked in plastic bag at minus 20C.

from Rh@aneRautesssBrhies (Yapasratigie Ruamnossisicob et ol /88| Mighyn. France:
Batch (3 MMIIMPHLY i3 2. 50l GRSI msalkiion Asing sHRRiGMegted with
0.9% by weight NaCl and theri centrifuged; the stpernatant (246 ml) was
aliquoted into containers, which were labelled 15 (Rennet casein wash)
Examarfg{rozen in liquid nitrogen. The 31 g recovered, washed rennet casein
Were dispersed in an aqueous solution of 2 MM (mmol/1) CaCl2, said
Milk SCaiyleSetgioadoping supplemented with 0.9% by weight NaCl, such that
a volume of 250 ml was obtained. The mixture was then aliquoted in
containers, which 20 were labeled (Rennet casein) and frozen. The

separation of acid whey. from. casein is obtained by chemical acidification :
Stand g RIS ARG LB AACHEN S 25 R SRR L s i n: C. Al
SciendROEA}CRGIZ SRligwerRiaRdadta 520 whehakimped, nailkda ondeu. p. 29-35

to reach a mixture having a final concentration of 25 2 mM (mmol/1) Ca21.
and 1 ¥hik/#hixitlesspapbeidiitylicatssicoliParidRion of an aqueous solution of

HC1 (32%) from pH 6.6 to pH 4.6 under moderate magnetic stirring. After

1 min of stirring, the blend was incubated during 60 min at 25C, poured in

bottles for centrifugation and subsequently centrifu?ed during 30 min at

The indicgin dfatPaYighe iotbr SERMAIE SIEPS BISE® HsivToBFhg 46 Reitjag: conventional,

industPRPAHAIR a5idcudey frompihe N, salubleiasit kaseiy LépdAaaPIMLAEy could be
supernatant (i.e. the acid whey) were fractionated in 10 x 1.3 ml aliquots
significantly increased by performing the below indicated process steps, in particular by

performing a centrifugation at high acceleration rates and specifically adapted washing steps.

1.1 Bovine milk

Bovine milk was obtained from a local market ("Toni lait", Switzerland).

In a first step, cream was extracted from whole milk by means of a centrifugation having an
acceleration rate up to 13 600 g using fixed angle rotor Sorval GS3 (9 000 rpm, during 30
minutes). Starting from 2.200 ml of whole milk, 90 g of cream were recovered in the top

layer. After separation of the top layer, 2090 ml of skimmed milk were obtained.

The separation of sweet whey from casein is achieved by enzymatic treatment of skimmed
milk inducing casein clotting. 520 ul of a 200 mM (200 mmol/l) aqueous solution of CaCl,

were added to 520 ml of skimmed milk in order to reach a mixture having a final
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(Eppendorf) and 40 ml plastic tubes, which were labeled (Acid whey) and
frozen by immersion in liquid nitrogen and stocked in plastic bag at -20 C.
5 The acid casein (41 g) was dispersed in 233 ml of an aqueous solution
of 20 mM (mmol/1) sodium acetate h (\éing pH 4.6. The mixture thus
obtained was centrifuged, and the sug rnatant (250 ml) was separated,

and subsequently aliqupted into gontainers, which were Jabeled (Acid o
conce R AN ROt ik BEoRHE P Bike S Bsaeated at 35 °C
and theRIIeAAGH CaseINWKRs e HisPerser, iRddadelindenbll &ftbisauXtTE sidfg. After 1

justed from 4.67 to 6.6 by an addition of NaOH. Subsequently, the

d
min iolenshies SRS EUPHE D BV (RSB bRk e3Pr it wider bath, poured in
voute QUL TR ERARGTS IR EIARSE(AGH S50 ADRLIREPS D ¢ (ivca

In order to separate soluble (whey) proteins'and washed non-soluble
angle potoeifsrimlcelisy, 2a88inprthe foliowing sielos wesepperforsnedt 28@Y dfen the non-
solubi29ueouys gOOHmM (mmol/1) CaCl2 solution were added to 250 ml of
SKimmed 20 ilk to obtain a mixture having a final concentration of 2 mM
(mmol/1) of Ca2'. This milk was ultra-centrifuged (6 tubes containing 42.1

%of skimmed milk in a fixed angle rotor 45 Tl were centrifuged durin? lh
The 4itp B QlkHBADEBON GlithEestiFahe Bty Speda ’Eﬁag%ta@%m 10 x I.3 ml aliquots

(EppeRRUEFRANID gﬂpp]:QsQig)Qg&,iWfﬁ@hm&i'gfgqgeﬁ@iw&.f‘v%% ti‘?o%%ﬁafﬁj“tr?nmersion

soluble whey protein from the non soluble micellar casein. 25 The 228 m
in liquad fuppeasatand Gleckrd soplpseobrg/asiotals) 208ke fractionated in 10 X 1.3
ml aliquots (Eppendorf) and 40 ml plastic tubes, which were labeled
(Soluble whey protein) and frozen by immersion in liquid nitrogen and
The ratackedsirimpldstig)bagsadinpienssRGC23@ ml of an aqueous solution of 2 mM (mmol/1)

CaCl,, said CaCl,-solution being supplemented with 0.9% by weight NaCl and then
centrifuged; the supernatant (246 ml) was aliquoted into containers, which were labelled

(Rennet casein wash) and frozen in liquid nitrogen.

The 31 g recovered, washed rennet casein were dispersed in an aqueous solution of 2 mM
(mmol/l) CaCl,, said CaCl,-solution being supplemented with 0.9% by weight NaCl, such
that a volume of 250 ml was obtained. The mixture was then aliquoted in containers, which

were labeled (Rennet casein) and frozen.

The separation of acid whey from casein is obtained by chemical acidification of skimmed
milk inducing casein clotting. 520 ul of an aqueous 200 mM (mmol/l) CaCl, solution were
added to 520 ml of skimmed milk in order to reach a mixture having a final concentration of
2 mM (mmol/l) Ca®*. This mixture was acidified at 25°C by addition of an aqueous solution
of HCl (32%) from pH 6.6 to pH 4.6 under moderate magnetic stirring. After 1 min of
stirring, the blend was incubated during 60 min at 25°C, poured in bottles for centrifugation
and subsequently centrifuged during 30 min at 13 600 g (fixed angle rotor Sorval GS3; 9 000

rpm, during 30 min) to separate acid whey from the non soluble acid casein.
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The micellar casein (24 g) was dispersed in 220 ml of an aqueous solution
of 2 MM (mmol/1) CacCl2, said CaClz-solution being supplemented with
0.9% by weight NaCl. The mixture was ultra-centrifuged (in a Beckman
L8-60M ultracentrifuge during 1 hr at a_ speed of 32.000 rpm
corresponding to 100.000 g in the middle of the tube. The supernatant
(229 ml) was 5 separated, and then aliquoted into containers, which were
labeled (micellar casein wash) and frozen in liquid nitrogen. The 22 g

The SECQNESUsypehaainiGellaheasad WeE)disaer FestiibaAan #eous SOIWIg! aliquots
of 2 MMW%e moI/lLCaCIZ said CaC12-solution being supplemented with

(Eppepdswdbyide it Mb @l asianibss 1 Vi VoRimdadrisb Micisas dstiiryl frozen by
immersiUR A ?dvﬁﬂ%o@é%uﬁiﬁ%tmeﬁ%tﬂa?ﬁ%% ich were labeled (micellar

casein) and frozen. 1.2. Human breast milk 15 Human breast milk was
obtalned from healthy mothers who agreed to donate breast-milk samples

uantltl tdld np dIZ gtgue nutritional supp f
The a %35 rrﬂ) ié es w auneE uﬁ)nt1 ) lgiaf?s pos égc; um ?/%g%/gam%v[ (mmol/l)
sodiurﬂumm@prﬁssi@g %Hcmlomaﬁy ik manubliexphesisied and wekietrifuged, and the
processed within 2 firs after collection. When not.indicated explicitly

S“Peﬂ&ﬁé‘ﬁ/&%@ M pre R deh A sy Hiodedipig ﬁ?‘itﬁmﬁb%\)’éhmh were
labeledQA eI Ph QiR ASHEANE FORHAR AL ERCHIMRMOI/1) CaCl2 were added

to 715 ml of whole milk in order to obtain a mixture of a final
concentration of 2 mM (mmol/1) Ca2'. After a centrifugation for cream

The 2%963??%@&@&(1?%%&%(1 (il' s B, j? %?Sfegsgﬁ q{le%%/é ?eh r%cﬁ)v%rﬁgs mixture

as top layer and |mme Wer separated
was asiyaedtifroswédiwWioe p 6abgirnis mhjamddfymﬁnaﬁld)mptmdm aohe volume was

eln otting. Skimmed milk 200 g) was heate
adiusiG 58 @SB A 150 Vor TGHHGL RERL i EDI U AR R AGBPnere: hich were
labelefQtiarAte ORI RRHTRIHEING. After 1 min the blend was mcubated during

50 min at 35 C in a water bath, poured in bottles for centrifugation and
In order to separate soluble (whey) proteins and washed non-soluble proteins (micellar

casein), the following steps were performed:

250 pl of an aqueous 200 mM (mmol/l) CaCl, solution were added to 250 ml of skimmed
milk to obtain a mixture having a final concentration of 2 mM (mmol/l) of Ca®*. This milk
was ultra-centrifuged (6 tubes containing 42.1 g of skimmed milk in a fixed angle rotor 45 TI
were centrifuged during 1 h in a Beckman L8-60M ultracentrifuge at a speed of 32 000 rpm
corresponding to 100 000g in the middle of the tube) in order to separate soluble whey

protein from the non soluble micellar casein.

The 228 ml of supernatant (i.e. the soluble whey protein) were fractionated in 10 X 1.3 ml
aliquots (Eppendorf) and 40 ml plastic tubes, which were labeled (Soluble whey protein) and

frozen by immersion in liquid nitrogen and stocked in plastic bag at minus 20°C.
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19 subsequently centrifuged at 13.600 g during 30 min (as described in

1.1.) in order to separate sweet whey from the non-soluble rennet casein.

The 199 ml of supernatant (i.e. the sweet whey) were fractionated in 10 x

1.3 ml aliquots 5 (Eppendorf) and 4oigl plastic tubes, which were labeled

(Sweet whey) and frozen by immersion in liquid nitrogen and stocked in

lastic bag at - . The rennet casein (2 g) was dispersed.in .98 f

The nfgRI0, RS B S PRI 1) G QL EE S Bl (mmolr)
CaCl,syialernentad]witbnOs8thstpisiait e wth® ISLBiNg cdch PNOTe PYRSmixture was

centrifuged; the supernatant é%iglmwas seParated and then aliquoted
ultra-Gapérifegrdidiers Renlenand:e- rreper easeiringshibaterpsen ff 32.000 rpm
corresiRG NUrRgeMOTHTHL oL 3,0 [REOVEHARSMNGICASELN WhHEE JISPRISEAINY ml) was

agueous solution of ZZMM (mmol/1) CaCl2, said CaClz-solution being
separaseshploch Ente clivitto @ Dbt corgighersolwhiehNagk, Inbsildd(miks¢bahtaiaia wash) and
frozenvg’llli[pleligfn]ﬁ?g rgl. The resulting mixture was then aliquoted into

contatnerd, Which were labeled (rennet casein) and frozen. The
separation of acid whey from casein is obtained by chemical acidification
of skimmed milk inducing casein clotting. 200 ml of skimmed milk were

The 22 g ficieyatess e Wﬁ@i&’iﬂﬁﬁuaf SR g&ﬂ%éﬂ%’%ﬁﬂib‘h Yt Pﬂ’s‘i%‘f&%%}‘ﬂ% of 2 mM
(mmoBt] 64010, REl fEaundesimpseria gﬁ%ﬁéﬂéﬂﬂgltﬁ@@% invf SrRRG1, so that a

the blend was incubated during 60 min at 25C, poured in boftles for

final vedntrieuefadithh ahoy subbiduehtilhde mitgedvas 2B @ovay duforrpB@infAs(aghich were

cri in Ex I in order to separate acid whey from the non
1abele§§?%ﬁgﬁa% %‘éé’zjﬁgﬁ?s&? %HIQS ml of supernatant (i.e. acid whey) were
fractionated in 10 x 1.3 ml aliquots (Eppen- dorf) and 40 ml plastic tubes,
which were labeled (Acid whey) and frozen by immersion in liquid

I d in plastic bag at minus 20C. The acid casein (4.9 g)
was dispersed in 95 ml of an aqueous solution of 20 mM (mmol/1) 30

sodium acetate having pH 4.6, and the mixture was centrifuged. The _
Huma@ub@?ﬁﬁtﬁﬁ&%%l?%@% from healthy mothers who agreed to donate breast-milk

samples in quantities that did not jeopardize the nutritional supply of the baby (10-60 ml).

1.2.

Samples were obtained up to 70 days postpartum by breast pump expression or occasionally
by manual expression and were processed within 2 hrs after collection. When not indicated

explicitly otherwise, all procedure steps were performed as described in 1.1, above.

7.2 ml of an aqueous solution of 200 mM (mmol/l) CaCl, were added to 715 ml of whole
milk in order to obtain a mixture of a final concentration of 2 mM (mmol/l) Ca**. After a
centrifugation for cream separation (as described in 1.1., above), 26.6 g of cream were

recovered as top layer and 713 g of skimmed milk were separated.

The separation sweet whey/casein is obtained by enzymatic treatment of skimmed milk
inducing casein clotting. Skimmed milk (200 g) was heated at 35 °C, and then 100 pl of
rennet were immediately added under moderate magnetic stirring. After 1 min the blend was

incubated during 50 min at 35 °C in a water bath, poured in bottles for centrifugation and
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aliquoted into containers, which were labeled (Acid casein wash) and
frozen in liquid nitrogen. The 2.9 g recovered, washed acid casein were
dispersed in 95 ml water. The pH of this 5 mixture was adjusted to 6.2 by
addition of NaOH. Subsequently, the xglume was adjusted to 100 ml. The
mixture was then aliquoted into containers, which were labeled (Acid

T Yy  —

sweetw@ygﬁgfﬁm@go%mﬂgﬂ%m%ﬂﬂm centrlfuged as described under
1.1. The 198 ml of supernatant were fractionated in 10 x 1.3 ml aliquots

(Eppendorf) and 40 ml 15 plastic tubes, which were labeled (Soluble
The 1@’@%1969%%%%{{9669 BYITMRESIPR liguid f?é%ﬂ%&té’c[‘%ﬁ??'ﬁei’ ¥ml aliquots

plastic bag at minus 20C. The micellar casein (0.5 g) was dispersed in 32
(Eppentaf)anmt)yébusl splasion aﬂzsmml(lmlnomr)e mmdsmmomm frozen by

) sypplem nted with, 0,9% a ulira- 20 centrifuged
tmme alg%le%gr Eédnﬁnaémﬁx;&mﬁ iyl Mihe SOCN[O) taine su%ernatant (32.8 ml)

was aliquoted into containers, which were labeled (micellar casein wash)

The rél’{}?efr%&”d"(déo%j %ﬂtm é}sg—&ﬁl%% gnreSf) V! % %h&qkm #ﬂ* 2 mM (mmol/l)

casein were rsed in n aqueous so utlon MM 25

CaClﬁa@ﬂZM@@d@tmadﬁﬂm henieseppidnvenbet. Withty. 99cightwsigbit The resulting
NaCl, in orde |n a volume of(é? ml.The resultlng |xt re,was
a

i e T e B R e e S Ry i clguoted nto

contaifi@ZSvHich \Beiféam)mda (BehAdr Riseenfiesinbufiale spilk Masqaitaineskimthe
Lahore region of Pakistan and supplied refrigera- ted to a nearby

laboratory where it was freeze-dried. Freezing temperature was about
The 1.'129% recovered rennet casein were dispersed in an aqueous solution of 2 mM (mmol/l)

CaCl,, said CaCl,-solution being supplemented with 0.9% by weight volume NaCl, in order
to obtain a volume of 100 ml. The resulting mixture was then aliquoted into containers,

which were labeled (rennet casein) and frozen.

The separation of acid whey from casein is obtained by chemical acidification of skimmed
milk inducing casein clotting. 200 ml of skimmed milk were acidified at 25°C by addition of
an aqueous solution of HCI (32%) from pH 6.6 to pH 4.6 under moderate magnetic stirring.
After 1 min of stirring, the blend was incubated during 60 min at 25°C, poured in bottles for
centrifugation and subsequently centrifuged at 13 600 g during 30 min (as described in

Example 1.1) in order to separate acid whey from the non soluble acid casein.

The 195 ml of supernatant (i.e. acid whey) were fractionated in 10 x 1.3 ml aliquots (Eppen-
dorf) and 40 ml plastic tubes, which were labeled (Acid whey) and frozen by immersion in

liquid nitrogen and stocked in plastic bag at minus 20°C.

The acid casein (4.9 g) was dispersed in 95 ml of an aqueous solution of 20 mM (mmol/l)

sodium acetate having pH 4.6, and the mixture was centrifuged. The supernatant (96 ml) was
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to about -25C and the drying temperature was 40C. The vacuum pressure

was maintained below 2 Tort, with a final pressure of 0.2 Torr. The dried

powder was sealed in aluminum 5 coated plastic bags, shipped and then

stored at room temperature. When not indicated explicitly otherwise, all

procedure steps were performed as described in Example 1.1. The

. freeze-dried buffalo milk was recopstituted at 13% total solids (TS) e

QUi i T e AT AR S st 81 N son liquid
nitrogBV (200 mmol/1) aqueous solution 10 of CaCl2. 543 ml of reconstituted

buffalo milk having a final concentration of 2 MM of Cat' were obtained.

After a centrifugation for cream separation as outlined under Example

The 249% R0 O ErCRMMEAr G CREQUELRA 35,8 1ARJAXEH ANds B mMhASKIIRESH of this

milk were separated. The separation of sweet whey from casein was
mixtushteinedjogted 29rhadibtraddrmient off Nkitih Sdibssqueiindieinglvaseiwas adjusted to

100 mcll.OIltH]eCJ nilig dnrrn ! Ogss 5 rgrrln gﬂ mc'ﬂ% ?r?oheoar}t%%ae}s?’ .5w ictgev{/]e? fa%%lre%r:{] ctid casein)
were immediately added under moderate magnetic strring. After I min'the

and frblend was incubated during 50 min at 35C in a water bath, poured in
bottles for centrifugation and subsequently centrifuged during 30 min at

13 600g (as described in Example 1.1) in order to separate sweet whey

In oré@?méh?eﬁﬁ'aﬁo%m%l@Qmwsﬁiﬂtegﬁ)sTﬂﬁi]-@@srm@frﬁﬂp%'ﬂ%%‘%ﬁi&eins (micellar

sweet whey) were fractionated in 10 x 1.3 ml aliquots (Eppendorf) and 40
caseinpg|thtalstionibsstapickoreperfabeled (Sweet whey) and frozen by
immersion in liquid nitrogen and stored in plastic bag at -20 C. 25 The
_rennet casein (14 g) was dispersed in 140 ml of an aqueous solution of 2
Skimmjedh itk Bine)u g cpn e ek dess ifrsh Wl lslipplemented with 0.9%
by weight NaCl, and centrifuged (as outlined in Example 1.1). The so

obtained supernatant (130 ml) was aliquoted into containers, which were
The 1Rbero{remesndaseiweiadticaindfietzen 19 lighid nireljano2 Eppenk®yy) and 40 ml

. recovered,.washed rennet casein,were dispersed in agueous solution . .. .
plastid e L S e e To g A ST e B B0 i tiquia
nitrogBrBdytovkighinNaA i inbagder minus 20°C.

The micellar casein (0.5 g) was dispersed in 32 ml of an aqueous solution of 2 mM (mmol/l)
CaCl,, said CaCl,-solution being supplemented with 0.9% by weight NaCl, and ultra-
centrifuged (as described under Example 1.1). The so obtained supernatant (32.8 ml) was
aliquoted into containers, which were labeled (micellar casein wash) and frozen in liquid

nitrogen.

The 0.4 g recovered, washed micellar casein were dispersed in an aqueous solution of 2 mM
(mmol/l) CaCl,, said CaCl,-solution being supplemented with 0.9% by weight NaCl, in order
to obtain a volume of 33 ml. The resulting mixture was aliquoted into containers, which were

labeled (micellar casein) and frozen.

1.3.  Buffalo milk
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to obtain a volume of 145 ml. The resulting mixture was then aliquoted
into containers, which were labeled (rennet casein) and frozen. 5 The
separation acid whey/casein is obtained by chemical acidification of
skimmed milk inducing casein clottin% 145 ml of skimmed milk were
acidified at 25C by addition of 0.6 ml ]fan aqueous solution of HC1
(32%) from pH 6.74 to pH 4.6 under moderate magnetic stirring. After 1
Pure freivh dfugtarkingpitk evbierto auaslinc trateth duerireg 160 ndik @i 256 apdsggled refrigera—
10 bottle or centrlfu ation and subseq enHylgentrlfu ed durln 30 min a

ted tofs‘@&b%g‘/(aas GaE er%dteWé&arr%%?S Lin drd “ﬂ)%? dte ac‘?ﬁ%ﬁ‘?o‘“ 20°C

to abﬂﬁnlﬂ@@maﬂwBl@vl@@l(ﬂel@@%ﬁiﬁlﬂihealzﬂ)m of g p@éﬁﬁiﬂfﬁrw@ﬁ@e was maintained
fractionated in 10 x 1.3 ml aliquots (é' ppendorf) and 40 ml 15 plastic

belowydnEeryiitth ddreaipiassiienldlh &9y andf s5isd BpmdsiePsts msalfg dry aluminum-
coatedFRYER Hads St P?gdnaﬂ@sﬂfélpaﬂ(ﬁEﬂr"ﬁu§o%(ﬁg tglﬁﬁé?‘E{QrEaSWHeﬁ%ga indicated

was dispersed in 130 ml of an aqueous solution of 20 mM (mmol/1)
explicgdylioirenretatel haxaaedvre 4tepamg it parfixmed wadesentpdgadi¢ceeple 1.1.
Example 1.1). The 20 supernatant (129 ml) was aliquoted into containers,
which were labeled (Acid casein wash) and frozen in liquid nitrogen. The
12 g recovered, washed acid casein were dis Lgersed in water and the pH

The figezs Hjadtburialcsn by wardisernstinisdRt 5 steéﬂ]éﬁirﬁﬁﬁlésoawr%wh@ng 70 g of
the po@%‘é?tﬁd4@8%§ﬁ]bTQﬁdné%%§ W3S 3EAGBHAHUREE Uﬁ%ﬁgfﬁ Beous solution

which were labeled (Acid casein) and frozen. In order to separate soluble
of Ca@t@téﬂrfslahdﬁ/vashmlmnedslmluﬁfﬂb pratieinsvimice liarat aseirentagiofolid\RimgM of Ca™

eg)s erformed 3 145 P’ﬂ of skimmed buffalo milk we e
were O 1NEC cr 8 entrl ugatio Or ream SC{)EE‘ EIOII as outline CI E)Eﬁmple 1 1
ra-centr uge f deseéribed in xample )ao seéparate W ey rom

46 g dﬁ@ﬁeaﬁﬁlwele REslaedaseainog g/dB2naieh supefratanhwdene iraciorataehted.
in 10 X 1.3 ml aliquots (Eppendorf) and 40 ml plastic tubes, which were
labeled

The separation of sweet whey from casein was obtained by enzymatic treatment of skimmed
milk inducing casein clotting. 145 ml of skimmed milk were heated at 35 °C, then 73 ul of
rennet were immediately added under moderate magnetic stirring. After 1 min the blend was
incubated during 50 min at 35°C in a water bath, poured in bottles for centrifugation and
subsequently centrifuged during 30 min at 13 600g (as described in Example 1.1) in order to

separate sweet whey from the non-soluble rennet casein.

The 130 ml of supernatant (i.e. sweet whey) were fractionated in 10 x 1.3 ml aliquots
(Eppendorf) and 40 ml plastic tubes, which were labeled (Sweet whey) and frozen by

immersion in liquid nitrogen and stored in plastic bag at -20 °C.

The rennet casein (14 g) was dispersed in 140 ml of an aqueous solution of 2 mM (mmol/l)
CaCl,, said CaCl,-solution being supplemented with 0.9% by weight NaCl, and centrifuged
(as outlined in Example 1.1). The so obtained supernatant (130 ml) was aliquoted into

containers, which were labeled (rennet casein wash) and frozen in liquid nitrogen.
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(Soluble whey protein) and frozen by immersion in liquid nitrogen and
stocked in plastic bag 5 at minus 20C. The gelatinous micellar casein
(11.4 g) was dispersed in 133 ml of an aqueous solution of 2 mM
(mmol/1) CaCl2, said CaClz-solution 2 ing supplemented with 0.9% by
weight NaCl. The mixture was ultra-céntrifuged (see 1.1., above). The

upernatant thus optained (125 m)) 10 was.aliquoted into containers, .
The 13 R P GASE WESh R oL AR A1 AL oltion of 2 mM
(mmolVhechth regavesed,-washed vkl saeaiBnver & ispeysedynsdight NaCl, in order
agueous solution of 2 MM (mmol/1) CaCl2, said CaClz-solution being

to obigifherRBHRE Aith'0. 99% bRt NCir e e 2 e BN A ssbItitige containers,
which%ér%sléﬁlslg-@?gﬁﬁgy% ém%téﬁ& Was.then aliquoted into containers, which

were labeled (micellar casein) and frozen. Example 2 Sub-fractionation of
soluble whey protein from Bovine Milk 20 15 ml of soluble whey protein

obtained as described in example 1 were thawed fgr 20 min in a ) )
The. SREHRRATHE 37 B kS o] VORAIRG St Sl a 4 HA 5P 8loggmmed milk
induciiiciserbdlbiti ipperidaif cenkifuge dAfigk fillerdng klifee @ .4623r Wibipadelition of 0.6
filter (306/GSWPO4700.GS), 10 ml of this preparation was injected in a .
ml of AR aYERHS SORHOMER Wieh GEThISIRRE P ABCRIb 0 1dsy Bogerate magnetic

stirrindPOMEBLY ENRiAIVINVIREAZENEY. MAIRhWRS faRSeduieR LG S¥RIEBYC, poured in
controlled by a UNICORN station (Amersham Pharmacia Biotech). The

bottleghi@mega bt QoritidoAsbrrgee iy uersrtrifpged. tarinavatern@roce hp 600g (as
- il iltere 0 illj 24 .3y : (ﬁj I -
deseri gl G ! e ot Mo TR A Bgbisgpuble acid
caseinmiliQ water filtered on a 0.45 m Millipore system, plus 1.600 ml
acetonitrile, degassed in an ultrasound bath during 15
The 129 ml of supernatant were fractionated in 10 x 1.3 ml aliquots (Eppendorf) and 40 ml

plastic tubes, which were labeled (Acid whey) and frozen by immersion in liquid nitrogen and

stocked in plastic bag at minus 20°C.

The acid casein (13 g) was dispersed in 130 ml of an aqueous solution of 20 mM (mmol/l)
sodium acetate having pH 4.6, and the mixture was centrifuged (see Example 1.1). The
supernatant (129 ml) was aliquoted into containers, which were labeled (Acid casein wash)

and frozen in liquid nitrogen.

The 12 g recovered, washed acid casein were dispersed in water and the pH was adjusted to
6.7 by addition of NaOH. Subsequently, the volume was adjusted to 145 ml. The mixture was

then aliquoted into containers, which were labeled (Acid casein) and frozen.

In order to separate soluble proteins and washed non-soluble proteins (micellar casein), the

following steps were performed:
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minutes, and finally complemented with 1.7 ml TFA). 5 The column was
equilibrated with 20% B buffer. Then, after one column volume (CV),
sample was injected, B buffer increased to 75 % in 15 CV and to 100 % in
2.5 CV. At the end, gradient decreased to 20 % B buffer in 0.4 CV. Flow
rate was fixed at 3 ml/min. 10 96 fractions of 18 ml were collected in

ic tubes. ctio were tat -20, ter HIC-H SIS
145 RGOS (0o oo LF LIRS By SIRARLLRS df Tetble 1) to
separd0ilandreanagBtiaiad byl evrRPaialioRDeiReely opiulisaRomions supernatant were
subsequent screenlng 15 Table 1 shows 14 whey protein sub-fractions

fractiqppigd/én -1Qe¥cént softipurererfbrnd Athgd MaststResie Wighinere labeled
(Soluly),"é1 Wﬁ%gz@% Oﬁrcdeﬁ%féﬂtﬁg 11%%1&91%'1? ih ﬁHHlH A8 Qénogntt? HQ&Q&rﬁyplastlc bag

protein defined by hydrophobic interaction chromatography fraction %B

at minBef26r Start %B Buffer end % acetonitrile start % acetonitrile end 1 20 26
16 20.8 226 3520.828 335432834.4 44344.534.435.6 544.547
35.637.6 647 48.537.6 38.8 748.55038.840 85051.54041.2 9

The gblhtnddsdorditelld2cdip2 D154 APvwid: 2idpksdbth 432 Af.6f an aqueous solution of 2

mM (mmol/l) CaCl,, said CaCl,-solution being supplemented with 0.9% by weight NaCl.
The mixture was ultra-centrifuged (see 1.1., above). The supernatant thus obtained (125 ml)
was aliquoted into containers, which were labeled (micellar casein wash) and frozen in liquid

nitrogen.

The 11 g recovered, washed micellar casein were dispersed in an aqueous solution of 2 mM
(mmol/l) CaCl,, said CaCl,-solution being supplemented with 0.9% by weight NaCl, in order
to obtain a volume of 145 ml. The resulting mixture was then aliquoted into containers,

which were labeled (micellar casein) and frozen.

Example 2

Sub-fractionation of soluble whey protein from Bovine Milk

15 ml of soluble whey protein obtained as described in example 1 were thawed for 20 min in
a water-bath at 37 °C, mixed by vortexing and centrifuged 1 min at 13.000 rpm in a 5415
Eppendorf centrifuge. After filtering on a 0.45 pum Millipore filter (306/GSWP04700.GS), 10
ml of this preparation was injected in a HR16x50 column filled with 100 ml Source 15 RPC
TN 17-0727-02 (polystyrene-divinylbenzene), which was connected to a FPLC system
controlled by a UNICORN station (Amersham Pharmacia Biotech).

The chromatographic conditions were:

A buffer: TFA 0.1% in water (2’000 ml of miliQ water filtered on a 0.45 um Millipore
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1258 60 46.4 48 13 60 70 48 56 14 70 100 56 80 5 Buffer A: Water TFA
0.1%Buffer B: Acetonitrile/Water /TFA (80%/19.15%/0.85%; v/v) Column:
Source 15 RPC Amersham (matrix: Polystyrene/divinyl benzene), column
volume (CV= 100ml) Gradient: starting, from 20% B Buffer, sample was
injected after 1 column volume (CV), then 10 gradient increased up to

75%B in 15 CV then 2CV to re 100%B Buffer Example 3 COX-2
Systeny P! il% éﬁﬁ?@r%ﬁ@%%@tﬂ%ﬁuv-ﬁ-c cells (a permanent
B bufgAdoihelialicslt liggoderive nogndhe aein.af /NeRT hman raiicsh a 0.45 um

__cord; ATCC CRL1730; M. Miralpeix, M. Camacho et al., Brit. J. .
Milliperrarsisicor. 1us (1990, my nagopitnidse degassetomtoame wigisplndsbath during 15

minutéR%Mcl %igélﬁey%éag{felr:n%%i)gragzgﬁttﬁeﬁtﬁ%lz’?ﬂ 100 nM (nmol/1) phorbol

-myristat etate at 37Cto induce COX-2 isoenzyme. 50
pM (pmol/1) arachidonic acid were then added and the cells were

incubated in 26. the presence of test compounds or mixtures for 30 min at
The oo T S QAR o ool AL oo BEPocH IS GRS Volme (CV),
samplaSsay ﬁBééﬂeﬁD@tBﬁfféﬂ PRetiEy detesnunad yataa sedntdlationgeQHMe CV. At the
(Topcount, Packardg usingsg Iiéluid scintillation cocktail (Packard). 5 The
B

end, gradigty degEsaseeldre2Opr dd i hdredndBpRortioMAslliee b At gmin.

percent inhibition of control values obtained in the presence of the test
compounds. The control values correspond to the COX-2 activity of
96 fragtiguseC18 odllwerfteradtavietbiioplastie RHmhdThvindstaresAvetate PMARO °C. After

HIC—I-?lyﬂ&ga%Q(})/sz{ss, E%ltle3 79% C&Tetc)t%c? Iﬁﬂ)gg r{x(?e\f\gtr[])(};)lfgﬁolrnl\l% MR Ctions by similitude of
HPLC profile and concentrated by evaporation before lyophilisation for subsequent

screening.

Table 1 shows 14 whey protein sub-fractions by a vol.- percentage range of buffer B, or a

range in acetonitrile, within which sub-fractions are eluted.
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Factor type alpha: TNFa) in absence of test compound. 10 The
concentration causing a half-maximal inhibition of control values (IC50
value) and Hill coefficients (nH) were determined for the reference

compounds (cycloheximide) by nonli
inhibition curves. These parameters
fitting. The IC50 values obtained fo

r regression analysis of their

re obtained by Hill
ference compou

equation curve
nds were within

15 accepted limits of historic averaj ained 0.5 log units. All COX-2
Sub-SEAEEBINRDEXPRIBIRENER Y6 SantiyEied W69 dtogheulpwdngibhigiiiematography

values below 10% were not considered and have been indicated as "0".

20 2.2. COX-2 screening of Human milk fraction Skimmed human milk

ENOWS a

SI Q élCﬁlnI CO
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do not 28ow any
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I.e., sgyrgned human 417|Ik) 2

Table:%l%esults from COjgr%

Scregning with quman mitk fra S, 1S, total s Skimmed H

| 1||§ P e fgman milk fraghons. TS, %“}m%\ o 383"
o ul UI.IUII U UDLIIIIG UU O UN™ L \III 11 \JU py IIII |JIUI.C Q

|ph||r7hnn 4 Y \ (O/n\ skimn 100 5.00E-04 1 5

ed human-milk

o —H

corBparative) (§Q)Ox10) acidﬁﬂhéy hurhan milk493 80 6.25E-04 @2
9 51.5 52.5 41.2 42
10 52.5 54 42 43.2
1 54 58 43.2 46.4
12 58 60 46.4 48
13 60 70 48 56
14 70 100 56 80
Buffer A:  Water TFA 0.1%Buffer B: Acetonitrile/Water /TFA (80%/19.15%/0.85%:; v/v)
Column:  Source 15 RPC Amersham (matrix: Polystyrene/divinyl benzene), column volume
(CV=100ml)
Gradient:  starting from 20% B Buffer, sample was injected after 1 column volume (CV), then
gradient increased up to 75%B in 15 CV then 2CV to reach 100%B Buffer
Example 3

COX-2 screening

2.1 Material and method

HUV-EC-C cells (a permanent endothelial cell line derived from the vein of a normal human
umbilical cord; ATCC CRL1730; M. Miralpeix, M. Camacho et al., Brit. J. Pharmacol. 121
(1997), 171-180), were seeded onto 96-well plates (RPMI 1640 + 10 % FCS) and treated
with 100 nM (nmol/l) phorbol 12-myristate 13-acetate for 6 h at 37°C to induce COX-2

isoenzyme. 50 uM (umol/l) arachidonic acid were then added and the cells were incubated in
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(comparative) sweet whey HM H4 80 6.25E-04 6 58 soluble whey HM.
H5 80 6.25E-04 6 26 (comparative) acid casein HM H6 10 5.00E-03 10 0
(comparative) sweet casein HM H7 10 5.00E-03 10 0 (comparative)
micellar casein HM H8 5 1.00E-02 5 Q (comparative) 5 2.3 COX-2
screening of Buffalo milk (comparativ€) Skimmed buffalo milk shows a
medium inhibitory effect (36%; Table 3). In contrast to human milk, the
the pms'mnﬁ@nﬁvacsif cagmnsnéad@rtmaxaggs)ffwmiﬁirdémfa‘ts Fktivily Riowaglandine-E2

obab to an.acid-induced lo act after acidificatjo
produg B S T S R R A B R ainca win
a scmultmr@entrﬁu@amampmmmtpaamaaﬁeﬁﬂg 44fuiih dodribi Ibase@s cAskvwih(Packard).
human milk, micellar buffalo milk caseins did not show any activity. Acid
and sweet caseins were not tested due to their lack of solubility. 15 28

s fro b ilk, | solid
The R Sh R Y e ARl e SHIBISES MR B nnibicion

of coptieinajung/nobtiuindeition thegirgken(o)otkinemest bedtajonids BTHOQontrol values
5.00E-04 30 36

correspond to the COX-2 activity of HUV-EC-C cells after stimulation with Phorbol

Myristate Acetate (PMA) during 6 hours at 37°C (can be also done with Tumor Necrosis

Factor type alpha: TNFa) in absence of test compound.

The concentration causing a half-maximal inhibition of control values (IC50 value) and Hill
coefficients (nH) were determined for the reference compounds (cycloheximide) by nonlinear
regression analysis of their inhibition curves. These parameters were obtained by Hill
equation curve fitting. The IC50 values obtained for the reference compounds were within

accepted limits of historic averages obtained + 0.5 log units.

All COX-2 screening experiments were conducted once. In the following, inhibition values

below 10% were not considered and have been indicated as "0".

2.2. COX-2 screening of Human milk fraction

Skimmed human milk shows a significant COX-2 inhibition (25%; Table 2). When casein is
removed by acidification or rennet (yielding acid whey and sweet whey, respectively), values
of 51% and 58% COX-2 inhibition were achieved. Thus, removing casein greatly improves
COX-2 inhibition. In addition, the caseins alone (acid, sweet, micellar) do not show any

inhibitory effect on COX-2.

Soluble whey from human milk performed just like the starting product (i.e., skimmed human

milk).



(BM) acid whey BM B3 70 7.14E-04 6 12 sweet whey BM B4 70 7.14E-04
6 44 soluble whey BM B5 70 7.14E-04 6 44 acid casein BM not soluble
sweet casein BM not soluble micellar casein BM B8 25 2.00E-03 250 5
2.4 COX-2 screening of Cow milk Th igh activities of raw and skimmed
cow's milk (52-53%; Table 4) demon ate that the elimination of cream
does not have any effect on COX-2 inhibition. Activity remains constant in
soluble Whey (53%) decreases slightlylén?acid whey (45%) and increases
in Sueeh A0 MISER29) Wilhowt wishing, 19,0 heynd o Aniheapy
decrease o ctivity In T acid \ﬁ/hey may, as in b mllk e re
the mfluence of the acid, whereas the increase of act|V|tv upon rennet
Skimmegbttnemnddilld beEgaindibby thedfetoy fhat theasaseiredestdiilisalion
releases some "latent" bioa tlvrx Illseqw IS SO metimes g?escrlbed dur
“fractionation failing", Ieadl a( d‘ﬁ.g’;’h r tharl 106%. 15 Z&ﬁ'f'b%%e 4 in
Results from COX-2 screenlng with bovine milk. TSytetad solids(%Jow's

?i((l)r;me 'tmagedaln inRbition (%) slample vg r k CM CI"100 5.00E-04 31 53
acid WPPRALve) skimpped CM, (2 too b {f s 5 51
(comparative)

sweet whey HM H4 80 6.25E-04 6 58
soluble ~ whey  HM. H5 80 6.25E-04 6 26
(comparative)

acid casein HM H6 10 5.00E-03 10 0
(comparative)

sweet casein HM H7 10 5.00E-03 10 0
(comparative)

micellar casein HM HS8 5 1.00E-02 5 0
(comparative)

2.3 COX-2 screening of Buffalo milk (comparative)

Skimmed buffalo milk shows a medium inhibitory effect (36%; Table 3). In contrast to
human milk, the acid removal of caseins leads to a loss of two thirds of its activity (down to
12%), probably due to an acid-induced loss of activity after acidification. If the pH is kept
constant (i.e. in case of rennet treatment and ultra-centrifugation), activity increases to 44%

in both cases.

As with human milk, micellar buffalo milk caseins did not show any activity. Acid and sweet

caseins were not tested due to their lack of solubility.
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(comparative) acid whey CM C3 70 7.14E-04 6 45 (comparative) sweet
whey CM C4 70 7.14E-04 6 68 soluble whey CM C5 70 7.14E-04 6 53
(comparative) acid casein CM C6 50 1.00E-03 50 42 (comparative) sweet
casein CM C7 50 1.00E-03 50 65 (corpparative) micellar casein CM C8
25 2.00E-03 25 0 (comparative) 5 2.5°COX-2 screening of whey protein
preparations (comparative) Two co rgéocg?lly available whey protein
preparations were also subjected td & 2 screening: Lacprodan 80

(MD Fodtsdhgredierd@s) X by emma it vbigfubontdin g Kigbralsolidts of
10 Iactosyl (3-Iactog|obu|in formS' WPI 95 a native Whey protein isolate

ViSEo afeg . .
620 North Maln Le Sueur, %ﬁﬁ?@éjorgg ’(’%ﬂ; BIP%Oﬁt%nn e@"ﬂ@égﬁ-ggff.ﬂ

30 Table 5 Results from COX-2 screenlng Wlth W@yp erotein

: T otfids -~ Whey grote
(BM) 3 preparatlon (mg?ml) 50 ' rﬁ mI) |n ibition (%) estimated in
acid whey BM B3 70 7.14E-04 6 12
sweet whey BM B4 70 7.14E-04 6 44
soluble whey BM B5 70 7.14E-04 6 44
acid casein BM not soluble
sweet casein BM not soluble
micellar casein BM B8 25 2.00E-03 25 0

2.4 COX-2 screening of Cow milk

The high activities of raw and skimmed cow's milk (52-53%; Table 4) demonstrate that the
elimination of cream does not have any effect on COX-2 inhibition. Activity remains
constant in soluble whey (53%), decreases slightly in acid whey (45%) and increases in sweet
whey (68%). Without wishing to be bound to any theory, the decrease of the activity in acid
whey may, as in buffalo milk, be related to the influence of the acid, whereas the increase of
activity upon rennet treatment could be explained by the theory that the casein destabilisation

releases some "latent" bioactivity, like it is sometimes described during "fractionation

failing", leading to a yield higher than 100%.
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sample Lacprodan 80 LN 100 5.00E-04 80 23 native whey WPI 95 NW
100 5.00E-04 95 33 cysteine CY 10 5.00E-03 10 0 whey tryptic
hydrolysate DH 100 5.00E-04 80 0 DM 10 5 As may be derived from
Table 4, also these compounds show g considerable COX-2 inhibition
activity of 23% and 33%, respectively:"In contrast thereto, a proteolysis by
trypsin destroys the COX-2 inhibitﬁn f@gt%ity of whey protein. Also, the
natural "antioxidant amino _acid" ¢ inehas no effect on COX-2

inhibitiort 48/ 87O X se ety 8 YktARA B S AK UL tive)

—_Samples of fresh hovine milk (50 ml) have heen supplemented with
Cow's guth(fatBl (30% F2192) in ortfer to ottt fitial coCétalSH B ¢OKMM, 1
mM, 10 mM, 100 mM (mmdi7%80 H2E82i# "the resﬁfffﬁgtﬁ‘ﬁ%ure. igfiibition (%)

cow's o rdBiing Witk dxtdized bovh98 milk. FLOESEl solidd Protein Oxidation
(compapfiY s dilution for protein COX-2 (mg/ml) 50g/ml (mg/ml) inhibition
skimrgedimated i §-%ample frd$R bovi K| 100 500E-04 3.1 42 fresh
(compswsRiY€)milk H202 0.1 L2 100 5.00E-04 3.1 41 fresh bovine milk H202 1
acid L3vh€y5.00BEML°3.1 35 fredh boviné.idilk(¢4202 160 L4 100 5.008304 3.1
(comjiratiresh bovine milk H202 100 L5 100 5.00E-04 3.1 0

sweet whey CM C4 70 7.14E-04 6 68
soluble whey CM C5 70 7.14E-04 6 53
(comparative)
acid casein CM C6 50 1.00E-03 50 42
(comparative)
sweet casein CM C7 50 1.00E-03 50 65
(comparative)
micellar casein CM C8 25 2.00E-03 25 0
(comparative)

2.5  COX-2 screening of whey protein preparations (comparative)

Two commercially available whey protein preparations were also subjected to a COX-2

screening:

e [Lacprodan 80 (MD Foods Ingredients, Viby, Denmark) which contains high amounts of
lactosyl B-lactoglobulin forms;

e WPI 95, a native whey protein isolate which is virtually depleted in lactosyl B-lactoglobu-
lin (verified by mass spectrometry). WPI is available from: Davisco Foods International.

Inc. 620 North Main, Le Sueur, MN 56058 USA; BIPRO batch JE 251-0-420.



mM 31 Untreated bovine milk and milk treated with 0.1 mM H202 show
the same "medium" effect on COX-2 inhibition (41%). At 1 mM H202,
inhibition decreases slightly (to 35%), further increase to 10 mM reduces
COX-2 inhibition to 27%, and at 100 I\QHI H202 - which is, however, far
from physiologic conditions - no more-inhibiting activity is observed at all.
5 The results indicate that the activz_, é? TgOX-z suppressing component
in bovine milk resists H202 at the 16¢8(%f 0.1-10 mM. The decrease of

irFABHGRY EHR eSS B RBES iU IHEPEX CEOBH RIS Skt tiof pfighs lids:

Wheyrelated to thyeromivd sidtusIorf the pradikinion (o2.6. QOXZsereéipol
prepasabidnactions of soluble wiiexfmoteing [ hgyesults ofl COX-2 inhibitikindyy (%)
the soluble whey protein subtractions is indicated iastahlged ifPositive

values indicate a better performance as comparedsigipg control. 15 Table

=Resy OGO Nbitlon-=HCtraction Y% -nhibition-of control-vaiu
Lacprodap 88 3.7 47 d-M7 gl 7 55.00E-04 80 23
native whey WPI 95 NW 100 5.00E-04 95 33
cysteine Cy 10 5.00E-03 10 0
whey tryptic hydrolysate DH 100 5.00E-04 80 0

DM 10

As may be derived from Table 4, also these compounds show a considerable COX-2
inhibition activity of 23% and 33%, respectively. In contrast thereto, a proteolysis by trypsin
destroys the COX-2 inhibition activity of whey protein. Also, the natural "antioxidant amino

acid" cysteine has no effect on COX-2 inhibition.

2.5. COX-2 screening of oxidized bovine milk (comparative)

Samples of fresh bovine milk (50 ml) have been supplemented with perhydrol (30% H,0,) in
order to obtain a final concentration of 0.1 mM, 1 mM, 10 mM, 100 mM (mmol/l) of H,O, in

the resulting mixture. All samples were incubated for 4 h at 30°C.

Table 6
Results from COX-2 screening with oxidized bovine milk. TS, total solids

Protein Oxidation Code TS dilution for protein COX-2
(mg/ml) 50 ug/ml (mg/ml) inhibition

estimated in (%)
sample

fresh bovine milk L1 100 5.00E-04 3.1 41

fresh bovine milk H,O, 0.1 L2 100 5.00E-04 3.1 41

fresh bovine milk H,0O, 1 L3 100 5.00E-04 3.1 35

fresh bovine milk H,O, 10 L4 100 5.00E-04 3.1 27

fresh bovine milk H,O, 100 L5 100 5.00E-04 3.1 0

mM
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810 936 1041 1112 1212 1310 1452 32 Claims 1. Use of one or
more milk protein fractions exhibiting a cyclooxygenase-2 inhibiting
activity for the preparation of a nutritional and/or pharmaceutical
composition for 5 treating and/or pre\é nting cyclo-oxygenase-2 mediated
diseases, wherein said milk fractions are selected from sweet casein of

co ilk, sweet whey of cow milk and _swe of human milk. 2. The |
Untecig EBREREIY o AL FRERSIHE FokrISPATenor B " effct
on COR-Compivsitian ($19rovided imN A, Opicahi PRIGN (§ate Nekeliahtigsaee35%), further
form. 3. The use according to claim 1 or 2, wherein the cyclooxygenase-2

increagse ialdh e seditces CQtedtdBhiHOM Y P - cotdiating @b ddpO2 - which is,

howe ARIRF RESEARCSHYS: SRS i8N WRk CANRBIANAALIPIE FROBELARS at all,
states of the colon, stomach, esophagus, liver, 15 biliary stém, pancreas,
head and neck, lung, breast, bladder, female genital organs' and skin,

The SO RIAM Rl dseases, inpRiPUlar arthrllo, MeUmalc feySTine milk resists
symptoms assoclated with influenza or other viral infections,

H,0, dysiedeosthdan | hepdavdh@héodibrobe odegeiberatvejosnticdiseqsasd to the increase
and/or Alzheimer's disease. 20 4. The use according to any of the claims

of projeig 8XifAEASn cBHAHsAkE A BARG/GHnat BRI toAsHueRdh protein based and

strongPEdRRI3 S AL RN o R GROESH [reatment and/or a treatment of a
pre-cancerous state, in particular during a chemotherapy, a radiation

2.6. COX-2 screening of sub-fractions of soluble whey proteins

The results of COX-2 inhibition by the soluble whey protein subfractions is indicated in table

7. Positive values indicate a better performance as compared to the control.

Table 7
Results of COX II inibition

HIC fraction | % inhibition of control values
1 21
2 -3
3 -7
4 7
5 -17
6 -21
7 -55
8 10
9 36
10 41
11 12
12 12
13 10
14 52
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therapy, a biotherapy, and/or during a pain treatment, and/or during a
treatment of an inflammatory disease and/or during the treatment of
Alzheimer's disease. 25 5. The use according to any of the claims 1 to 3,
wherein the nutritional composition cgmprises a food material selected
from milk, yogurt, curd, cheese, fermefited milks, milk based fermented
products, ice-creams, cereal based é)quducts, milk based powders, infant
formulae. 30 atms

Use of one or more milk protein fractions exhibiting a cyclooxygenase-2 inhibiting
activity for the preparation of a nutritional and/or pharmaceutical composition for
treating and/or preventing cyclo-oxygenase-2 mediated diseases, wherein said milk
fractions are selected from sweet casein of cow milk, sweet whey of cow milk and

sweet whey of human milk.

The use according to claim 1, wherein the nutritional and/or pharmaceutical

composition is provided in oral, topical, parenteral, or rectal dosage form.

The use according to claim 1 or 2, wherein the cyclooxygenase-2 mediated diseases
are selected from the group consisting of cancer and/or pre-cancerous states, in
particular cancer and/or pre-cancerous states of the colon, stomach, esophagus, liver,
biliary stem, pancreas, head and neck, lung, breast, bladder, female genital organs' and
skin, and/or inflammatory diseases, in particular arthritis, rheumatic fever, symptoms
associated with influenza or other viral infections, dysmenorrhoea, headache,

toothache, degenerative joint diseases, and/or Alzheimer's disease.

The use according to any of the claims 1 to 3, wherein the pharmaceutical and/or
nutritional composition provides a co-treatment during a cancer treatment and/or a
treatment of a pre-cancerous state, in particular during a chemotherapy, a radiation
therapy, a biotherapy, and/or during a pain treatment, and/or during a treatment of an

inflammatory disease and/or during the treatment of Alzheimer's disease.

The use according to any of the claims 1 to 3, wherein the nutritional composition
comprises a food material selected from milk, yogurt, curd, cheese, fermented milks,
milk based fermented products, ice-creams, cereal based products, milk based

powders, infant formulae.



