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manuf acture of a fornulation for maintaining or increasing growh of
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t he not her, and useful ranges nay be chosen between any of these
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[0028] In sonme enbodi ments the conposition conprising one or nore
gangliosides (such as a mlk 25 99.5% by wei ght gangli osi de, and
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(b) about 15 to about 25% w w |ipid, about 5 to about 15% w w
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10t h

ot D acReR s MR e GRAF R iRan Pt e SaPl o BB RS,
Whi Chudedl, where hyd.tolysm is peLfolmed using known methods to a desired degree of hydrolysis.
[0037] In one embodiment a formulation useful herein comprises at least about 0.001, 0.01, 0.05,
30  01,01502,03,04,05,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18 or 19 grams of the
composition comptising one or more gangliosides as described above and useful ranges may be
selected between any of these foregoing values (for example, from about 0.01 to about 1 grams, about
0.01 to about 10 grams, about 0.01 to about 19 grams, from about 0.1 to about 1 grams, about 0.1 to
about 10 grams, about 0.1 to about 19 grams, from zbout 1 to about 5 grams, about 1 to about 10

35  grams, about 1 to about 19 grams, about 5 to about 10 grams, and about 5 to about 19 grams).



usually to gal actose or another sialic acid. To add 'to the already
conpl ex glycan, further conplexity is derived by the possible
addition of fucose or nodification of the sialic acid hydroxyl groups
wi th aggsdi ong, o, .acek F(fé? QEJL? Yzample

9- 0- ac@t%%]atl otngn‘has rrg]holre eft smn%r cg:ﬁgg%%ﬁs%%%g?‘&re lglgf)&n?mp T 1% 10)
ot her ﬁmm@stewwrastqﬁﬂoﬁmnn@m wWithirt therramge fiok eseidple, il,s1 T, ea, B§e‘ﬂa

wth 1 th sbecause | t ouhth n._si
aci ds 6:'?ir e5 (e\i acet dfO) neursélorﬁ11 mngg&flag 'ﬁgﬁ}f; ﬁi@n&fgralﬁe&?‘%ﬁ}éﬂdﬂ g?hb(r%ﬁ’(sz L5
aC| d (tNGNAnd 3rmbé7p had) tiz:fhavad shieemn Shﬁmﬁhahgesexplsislyldﬁdﬂaﬂﬂfeﬁzm are hereby

S T R g S R R S

t h| s | @nithetibtsndinGfefdal GMeL BEFedtOkt Dy vAlAO G BShidR&: vidlt@nt@XiaRd b to be
speC|f|c for_ one 20 gan I|0$|de gangllossa?f GVL. The addition of a
f ur t hePRRAgeE iicEEREE Y CRISEY Loy aPpReuPpHs Hpilay m3anctct ose (GVR) | eads
to negligible binding. As Mentioned above the 0O-acetyl ation effects

t he bi[0b39gi caln ﬂ:&‘stdp&'dlﬁéénoﬁ Wher€ YTl @ hhd1Rell bhiSlogRaea: JpaciBdations] odietavrenl
9-0- acet GD3 on_.neuropal _out growth where the |ater

pr ormt‘g’§“‘Biftts Phe F’cﬁ”ﬁ’éFs fdrferpision, thisds ge87:A T IoBths BpPatE o peovdhagiyegteehior

the gl d&ﬁ@m%’&ﬁe%&tﬁk&@of he GR B0 Ukles g 888daly Julied othdiQike GRRNGES I sBcH & rnal
fatty acid Bound to the sphingosine 25 influences activity. Thus one

ski | | elpenpentsia nafte baserstraebis :asdmirtion Hat sush Bowgiert oraeely spptogs of
attri %ﬁf&iaéoﬁ H29ky ﬂﬂ{!ﬁﬂtﬂo{?%@fxﬁé’qw & Bn St b tﬁé‘l’:&@'m&’? et lt}{%ﬁvléllgé/ﬁ%e art, -
the specificity of activity to specific ganglioside %tructures

[0067JGﬁngI|03|des can be measured by a nunber of techniques.

Gangl i[8%0%e ndasineerdisd mily 2p5do whish dsyintretisuielirg R4 iCHATRB A doBtEFtog and

Acid (\J:Eb%%ffging' RfoMintlialand REHADnIHAAL ok a0 ;Ugg&t 8% Edves Qithout
Chr omat ogr aphy "(1LC), Hi gh Performance Liquid Chromatography with UV

débecdepmitite-pncthogyonsrof e invegtipriasdefinedkin dermpended Fldeb@dlmgles and the
spect rdg h{lc)ﬁs P@teﬁ%@ fllugﬁa Pgﬁm&sn&%ﬂe%a? JBXS}dseBQE l@nﬁlﬁ

gangl i osli ron1a ety of materials an ese are nown to
those skilled in the art 0068 | i osi des useful herein include
any o RRIEF RESERIPTINIQF TEIE ﬁ§ Gwa, GDl GD2, GD3, GT1, Gr2,

(ﬁl and_GP1, and any of the "a" b" "c" derivatives where
they d048L | aRigvsn eI AL ‘@Powsmmawetﬁﬁrf@m the Mastis Waer %%%’F@@k
and S%P’E%l@l of E%ﬂﬂnl.l 0]§!1tg§§ lﬁénr"'eS'EI@Vféle 189@:8 iangggﬁandl,ow dose gel

i ncorporated herein by reference. 5 4. Increa3|ng cogni fi ve

délel epwenn=[Doebt Bihi deat s epied gr0ep- devel opnent is a key part of
infant and child devel opment. Therefore any agent shown to increase
cogni fho4g] devmg&@mmw%& beshAVR M RENGE b Relhinbh TRALSE/MMble 1.

chil dren. [007 As outlined earlier, the t'erns "increasing cognitive
devel o(ﬂ)&rrent or "to increase cognitive devel opnent " are used

i nt er dtf4Alyeabligun et siaplndorvgdhe postrithgrands crfghet% ip Brasnplapi NFL§ per

i nteresfp dhéh M hkdNPBERS. Or openess to learn, renenber or apply
know dge. [0071] A wide variety of methods to assess cognitive
devel ogpment are wel |l known to those skilled in the art. It wll| be
appar &084k hat Figue f iiscaseanh shevpsdle shagechis g9nghioaide eunreeisen #i AtPuA i Fample
nagure @fangﬁeﬁd&qmu e LLP @r[ﬁﬁ 123 8095 &dre sﬁg‘ﬂfﬁcé}flgﬁx?c@éa%d' @-Eb g3, or
identity (Such as but nof imted to the Speciés, age, heal'th or

wel | bei n of the subject, or other factors as may be applicable. For
exanpPE lgfgw’é-t IJH%‘@Q@THHNYE@ TONssnent of cognitive

devel opnent. in non hurran subjects includes the Mortis Water Maze Test
and t ke NoR&finiBp®ct Recognition Task Test, as described in Exanple

1. Nb{d@@.@']o' OO MheUS@f “etsd QuntGeAS € @&thaﬁl;f m&l@ﬁ@ﬁt‘tsbl?/a?ataﬁf‘f&hgmtemh{]
human”subj ects includes the tools summarised in T Tabl €t -

Met hoeentfiging greasersbare¢i? &t thatihaye bervibiougiplmse mmslarmép@raMmﬂg@umgwe

30  wwater-in-oil emulsion, as described below. Cream is the preferred starting material for the production

of beta-serum. For example, beta-serum is produced during the production of butter-oil (also known

10



Version 2,| anguage (receptive and expressive), and cognitive

devel opnent Ref erence The Essentials of Bayley Scal es of Infant
Devel opnent Assessnent, Maureen M Bl ack, Kathleen Manila. New
York: o L i09 SERL LB 0s 401 32R19. comyo 0060131 a
I nt el I?]Sgerllcdv)%/‘gslchl er2.6- § 3\1/%r ¢ ngﬁ %all onV\B%% 006\/\2 ]h fmcmpome
Pr eschiootin hnd:i@ersei BrefeRrbdisibhbek SE&yceavr@Pd; mefpzy:blﬁdatcbbm—selm slalfoydece -
Third primary scal eEdition, 2002) publ i shed: Harcourt Assessnent,

Davi d sl er JF&“%Q% L 8n. § M@mg L4601
and V\o[\rﬁgﬁrlg rreﬂrﬁolé/?y 2. \/B % and Vi su é%gclan%c;nyang%la csanf)ﬂeﬁonég %3{1 ein
| ong dsictent” 4mlﬂ€madlﬁiemtﬂen@@mmmwesﬁcdﬂeaam dgm@wh:ch@:tcéndﬂ shtat teem, the
Chid dr S Sca 997 hen v

Doriver G B AT REL LG BahiT AHb S eI ORI N, R P icig can o be
Devel q:p%ﬂﬂ: d?lelamteﬂmsahéh AsXesnibrise’CANIS eanpiisadtat e etinyggaetsdin the same manner.
Preservative thi nki ngW sconsi n Card Sorting Test: functioningsorting
test?2 ess.-abst . ?% Lt IS V\(ﬁ 4

Rober tmﬁ)ﬁi Heat%n§ %&gm C rergorastusfl&/ elf/nélénre§1§cff(% TOOd%e?s 'and/or
Per f orfoemldgReplerds zﬁar@isfoétﬂmﬁeﬂnvelsAchl evenent Car dsPerformance in
School Setting), Young Children Achi evenent 16

[0048] The term “complex lipid” as used in this specification means a lipid selected from the

10  group consisting of phospholipids agd sphingolipids including glycosphingolipids (both cerebrosides
and gangliosides), ceramides and sphingomyelins. Different types of complex lipids are discussed in
more detail below. Complex lipids may be found in milk and other daity sources. Other sources of
some complex lipids include any animal tissue but especially brain and nervous tssue, eggs, fish, deer
velvet and plant lipids. Preferably the complex lipids used in the present invention are detived from a

15  dairy ingredient. Suitable dairy ingredients include colostrum, milk, fractions of colostrum or fractions
of milk. Preferably the dairy ingredient is derived from cows, buffalos, goats, sheep oxr human, Most
preferably the dairy ingredient is cow-derived. Preferably the complex lipid is in the form of a milk fat

extract.

[0049] An “effective amount” is the amount required to confer therapeutic effect. The

20  interrelationship of dosages for animals and humans (based on milligrams per meter squared of body
surface) is described by Freireich, et al. (1966). Body sutface area can be approximately determined
from height and weight of the subject. Sec, e.g., Scientific Tables, Geigy Pharmaceuticals, Ardley, New
York, 1970, 537. Effective doses also vary, as recognized by those skilled in the art, dependent on

route of administration, carrier usage, and the like.

25  [0050] The terms “increasing cognitive development” or “to increase cognitive development” are
used interchangeably herein and refer to increasing the rate, ability, interest, willingness, or openess to
learn, remember or apply knowledge. In some embodiments, “cognitive development” refers to brain

weight and brain ganglioside content.

[0051] The terms “increasing or maintaining growth” or “to increase or maintain growth” are used
30  interchangeably herein and refer to increasing or maintaining healthy growth which may refer to
increasing or maintaining the absolute growth or rate of growth with reference to weight, length, or

height, while not increasing adiposity or decreasing bone density.

11



Par anet er Tool usedAge group Conmponents of tool Reference Tcst Avayne P.
Hresko 5. Enhancing growmh [0072] Optimal growth is a key part of
infant and child devel opnent Restricted growth has been shown to
have dﬂms Anentﬂe eEthf ﬁﬁfkénﬂ@ol’nglﬁ]lg =l ﬁ emuh%l [a&ﬁ?:%n@ﬂ&ﬁ& ] l:éélq osltlon for
devel opnent Therefore any 5agent own to TNCrease or maingal
heal t hpregraowrbmey fol talteadpeing\pignapen Sflietterns ‘Grfaitforamndad aanttd@:hﬂlhsctpeqnﬁcauon
[ 0073] {%%anglﬂt %fnggs%o%%i i!n?ants ﬂgECﬁJE vee% daISna\(;VErl%ascl)nr&% O?C[ el nt aJ‘fn’rl_l ngn

o*I ncrease or are UsediRtere angeabl y
her e| nfoaxndla’r‘ ghsed nahis slmcﬂe@ongm@ns erm:unptoanm fog intead ftgbcyé gromzh‘s ho w\lljaetaa:hThe

refer. to incr a5| | nt ai ni.ng.t he absol ute.

O S5t e HOVIEREP ERBETR 8% R ghis PNGRC BFoRE FgEov Ry Tierg o iivats o
i ncr eadiildgn agidioghd ypwardsd e;eds\e;agup gmﬁmmmmas%wmgﬂpm poRidess oft l:;mmso
refer to increasing bone mneral density and/or brain weight.

| sol at} of conmpl ex I| id 074 r fractions.c ning

hi gherﬂoﬁ%\}el s(iB‘rfgﬂé)SﬁBﬁ’rg tﬁ#%ﬁ“ﬁk’ﬁ#ﬂ% %f;ﬂ f f8°RpeHie" ﬁ%ﬂé?‘%jé B in

a nlﬁlﬂb@ﬁnhl I@fg?m?/ﬂﬁnfaﬁtteaﬁuwhcfoud@oh hf@]fxﬁmar A6 t'g:ORingup Worala0 rcamalqkﬁ@a}&ﬁﬁ to
it t t t

IR T SR G

extyr acCdon@dhtwlet br Bhdyab bk Bﬁxﬁ&br&:l@@ld%@@@ﬁ&%%&ﬁ&nmﬁ%t raction of

conpl ex |ipids fron1other i ssues such as mamual i an, marine and pl ant
source ncl yding Qrain, n ur@l tissue, liver, fish blo and
pl ant [ﬁ&%“ir. affg Frd “pletetic B P%v&’&’“ﬁj‘ Péowcwe?lﬁh@éocsﬁiswﬁ%&fﬁa&&l%%wgﬂsfy
known ﬁaﬂichﬁ@&@ta@libci&.@ﬂeﬁt@whﬁE eAthe AR AR ERATHPSiEN | b§p1§kx&ﬁ§1cdl Rondition
Svennerhzgrn et al., 1994). Gangli osides may al s0 be producéd

synt hefi{esspsrifisidiscasss and disopers aad iych argprgienisd powsh-usef ul  her ei n
i nclude any one or nore of 20 GV, Gw, GwvB, GW, CD1, GD2, GD3, GTI1,

GI2, Gagss) GQl'rha&ﬁu@Rmk fARGRMYm&hs Eolirad extract of@bn- Bﬁlmrdﬁ:ﬁllnﬁﬂﬁdn\dﬁﬂ{ fat
wher e t hey exj st any conbi nati on of any two or, nore thereof

stPuctThes s ah@%?haéﬂsané saeligeideionerapaian ofdhé epeiihiclsy thre Sirghosphgligd

i ncor paa @Lnﬂgﬁosk&rceh&nayudhejff%@ag)eocch%g%Lgmﬂm ﬁamﬁifahmﬁn@ﬁai 51)1:&{%1%151 lthe

according to the invention include any "high mlk fraction

exanp |cenceetdm of gifeasbpne E@wa@oh@zﬁ F\‘;ﬁél?fdmt qfie Lgknaha%rdq%wymbw'e@ lrﬁurnkis at

but t llea S0 fb@tsazé A6, 251@0 G5 24Tk, Ko Fat 6f 69%'7@“&} 85 @6 LosM H0dAighes

fractions, ml ‘gl obul é menbrané fractions, ahd nbi nati ons

t h er edlan tbmpqquuraéwymesaﬂv [peuatrfg nontl@Reh niginfoialiailk &t,dné veebdd eahiges may

r%Q@é]@réé%X d‘% A9 M tHl@é r{?%g&%es d eJo Dofierh Q0 RQY REEY i Woner

erence |t|ontoI|p I nc es Vit am ns,

st er oltksn tlamdmmrxmtlommnﬂmﬂmﬂls or @edm@lmbis&um,lm mﬁmpnéuom roifk, anigh cream from

Struct d. ene for a description

of 30n§1{ ura |°$%o€?;‘ cP‘rmilsn fapﬁ@:)m mﬁlg‘tqll}@rﬁﬁg |o°§£5(1)t5| on of milk fat

i s discussed in by Byl und 1995, Illingworth, 2002, and Rornbaut et

al, Z(WIEQb) i 4 folrenlatipp dscngrepaiu aheblwaﬁwfmyenmxismmmenﬁaﬂyioétoi on

of m I k f (20 007

Bampre L AR B T A 75 P e e O ShePern P e e dandd: o

( tzypi aamerogay adoighit of Zsh, G)ecabihuied 6ﬂ§bxivditedbyhdhﬁhghm a ipilkedegiratvk ynchﬁx@ﬂm 2 QK0

fat b butter anh Ik f AVE al |y,

br 0du g oh S bR vt S g GRuryig 60 Bpuihd Bappu S,

but t e Aoutd tibosEI0e robtibaus®s wﬂbohtéﬂ[)%, Eﬂoiﬁﬁbf)attl ©%boRG0%,, £88fabout 5
sphingolipid extracts, mlk fat gl obule 5rre rane

mlk fat extracts,
ext rad? %bouhéq R fost abeap Y Pe bRl o frem ﬁbﬁFfdlSéStf“P%F%% f&rfaglp% out
ext r agps, ﬁéaﬁ%@&fm :6Xbduk mo,@l f(Anh Rb&IS 38 Radboyi bsl ﬁ%nparboﬁrpss%w&ﬁso%f from
hydrol ysis pro uctqg))er nol ecul e) extracts, and conbi nations thereof,
B

aRd ks FY sxabest 100e eadfromiabomdp @akaue BOYH)- @lewuﬂitdéﬁ"ﬂ@émmef%widy tsdecrad
ser S I ' ge e
ug]ggg‘em%l&g@ %%ﬁ%)@g?;ﬁ g:églpszkb%%(%g’) 591 Fls%%acf“& Nt ermat i 6%&[}1&

concentrate, skim milk retentate, concentrated m.ﬂk ulttaﬁlteled milk retentate, milk protein
concentrate (MPC), milk protein isolate (MPI), calcium depleted milk protein concentrate (MPC), low
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150f creamto produce oil that is further concentrated and polished
to produce AMF. Finally, buttermlk is also a termused to describe a
conbi nati on of the secondary ski mand beta serum by-products of a

t Wo- seg umyph f 995)
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differ, re
i 11 ikl cEARLAL, BRb R ol kX FAG W LCINERLAEL hRBuREY
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I Ous “onat i on s Uccessi v
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2003, "f6f aﬁ‘% fdeiloufioleily pps PrgcElRRr 2p SEETRAD DBG47°066744,
for exaﬂp,heaonsd{e&tolfl | ati on, cent rifugal fractionation, suspension
crystallisation, thy crystalllsatlon fractionation wtharmdlfler

DI AR C I TN AT
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[ 00811 LIpIdS present in t he conposi tions of ﬁe |nvent|on may be

f ul | y thsrfossalatog g ip thapfgrs pbetablgh acardet aiillarbard oF sok reashle af 4 Jpzenge. In one
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for exanple, glycosylated, sialylated, este phoryl ated or
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1990, fRAGafsWhbdR bark, speehdD Rt 0dipd) iyl grftiud s @R dRigGb Sl ues hh ek E) stulays
the addition of nethanol, as described by Kanno et al, 1975. A

phos phsiing daienand aer-daybaped dugbs, silkamilly eydersaorn gaapkanenis ghondingdairy end

non-dairy based sports supplements, fruit juice, food additives such as protein sprinkles and dietary
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met hods described in published international patent application WO
2006/ 041316 (see exanples 3 to 6). Fraction 11 may be produced by
supercritical carbon dioxide extraction of Fraction 9. Table 2a -

M1k fRbpexbdigeddickd $edudingRneluPpledtaGQY Suitb? mitufkeridl CRPRIASRuseful
(9 w) Betalstg)?umc%oo gjlsej?ﬁ?sglr (Batch T) GGO%Tr% precursor (élgigh

2) G601EFF?W prebupsided Bt Qym@soor' extract G600Tm extract Protein
30.2 ND
[0058] The term “oral administration” includes oral, buccal, enteral and intra-gastric

admministraton.

5 [0059] The term “pharmaceutically acceptable carrier” is intended to refer to a carrier including but
not limited to an excipient, diluent, auxiliary or combination thereof that can be administered to a
subject as a component of a composition of the invention that does not teduce the activity of the
composition and is not toxic when administered in doses sufficient to delivex an effective amount of

the active ingredient. The formulations can be administered orally or nasally.

10 [0060] A “subject” is an animal, preferably a roammal, more preferably a mammalian companion

animal or human, Preferred companion animals include cats, dogs and horses.

2. Complex lipids
[0061] Phospholipids are a class of lipids and 2 major component of cell membranes.
Sphingolipids are also a class of lipids the most structurally diverse class of membrane lpids.

15  Sphingolipids are lipids mostly comprising the 18-carbon base sphingosine (some other base lengths are
found), which has an acyl group attached by 2n amide linkage to form a ceramide (Newburg, 1996).

There are three main types of sphingolipids:

M Glycosphingolipids (sugar-containing sphingolipids), which may be further subdivided into
cercbrosides and gan'gliosides.
20 (@ Ceramides (consist simply of a fatty acid chain attached through an amide linkage to
sphingosine),
(3 Sphingomyelins (phosphorylcholine or phosphoroethanolamine molecule esterified to the 1-
hydroxy group of a ceramide). Sphingomyelins are also phospholipids.

[0062] Dairy-denved complex lipids are discussed comprehensively by Fox and McSweeney,

25  incorporated herein by reference.

3. Ganglioside structure
[0063] What distinguishes the gangliosides from the other glycosphingolipids is that they contain
the sugar sialic acid, which is negatively charged at physiological pH.

[0064] A wide variety of ganglioside glycans can be formed by the combination of glucose (Glc),
30 galactose (Gal), N-acetyl galactosamine (GalNAc) and sialic acid together. As the glycan size increases,
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so does the hydrophilicity of the glycan portion. The cetamide portion is hydrophobic, making the

whole molecule amphiphilic.

[0065] The nomenclature most commonly employed, because of its simplicity compared with the
IUPAC nomenclature is that of Svennerholm (Svennerholm, 1963), which relates to the glycan portion
of the ganglioside. All gangliosides start with G, and the next letter describes the number of sialic acid
tesidues present in the molecule (M = mono, D = di, T = tri, Q = quad etc.). The next part of the
nomenclature is a number, which describes the number of non-sialic-acid sugars in the molecule (1
indicates four sugars other than the sialic acid/s linked, Gal-GalNAc—Gal-Glc—ceramide; 2 indicates
three sugars, GalNAc-Gal-Glc—ceramide; and 3 indicates two sugars, Gal~-Glc—ceramide). Sometimes,
there is 2 lower case letter attached at the end to designate where the sialic acids are attached, which is
usually to galactose or another sialic acid. To add'to the already tfomplex glycan, further complexity is
derived by the possible addition of fucose or modification of the sialic acid hydroxyl groups with
additions of acetate (or other groups). Acetylation (4-, 7- or 9-O-acetylation) has major effects on
bioactivity or recognition by other molecules such as proteins. Even further complexity is realised with
the sialic acids because, although the most common sialic acids ate N-acetyl neuraminic acid (NANA)

and N-glycolyl nenraminic acid (NGNA}, more than 30 have been shown to exist in nature (Schauer,

2004).

[0066] Small structural changes in gangliosides can elucidate markedly different biological
activities. An example of this is the binding of cholera toxin to gangliosides, the toxin is specific for one
ganglioside, ganglioside GM1. The addition of a fusther NANA molecule (GD1a) or the loss of a
galactose (GM2) leads to negligible binding. As mentioned above the O-acetylation effects the
biological activity, for example the diffetence in effect between GD3 and 9-O-acetyl GD3 on neuronal
out growth where the later promotes but the former does not. The former examples are changes in the
glycan structure, tecent work suggests that even changes in the fatty acid bound to the sphingosine
influences activity. Thus one skilled in the art would not assume that biological activity attributed to
one ganglioside would be attributed to another given the specificity of activity to specific ganglioside

structures.

[0067] Gangliosides can be measured by 2 number of techniques. Ganglioside measurement may
be done by measuring Lipid Bound Sialic Acid (LBSA) or individual species quantified by Thin Layer
Chromatography (TLC), High Performance Liquid Chromatography with UV detection (HPLC-UV) ox
by liquid chromatography linked to mass spectrometry. A number of technigues can be employed to

extract gangliosides from a variety of materials and these are well known to those skilled in the art.
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[0068]

9,9
4 3.

PS 1.1 7.3 11.6 12.4 ,3.5 4.0 PE 19,8
54.6 6,3 9,8 1.6 Gangliosides 0.4

Gangliosides useful herein include any one or more of GM1, GM2, GM3, GM4, GD1,

GD2, GD3, GT1, GT2, GT3, GQ1, and GP1, and any of the “a”, “b”, ot “c” detivatives where they

exist, and any combination of any two or mote thereof. Structure and synthesis of gangliosides is

reviewed by Rosner, 2003, incorporated herein by reference.

4. Increasing cognitive development

[0069]

Optimal cognitive development is a key part of infant and child development. Therefore

any agent shown to increase cognitive development will have wide benefits for infants and children.

[0070]

As outlined earlier, the terms “increasing cognitive development™ or “to increase cognitive

development” are used interchangeably herein and refer to increasing the rate, ability, interest,

willingness, or openess to learn, remember or apply kntowledge.

[0071]

A wide variety of methods to assess cognitive development are well known to those skilled

in the art. It will be apparent that particular methods may be preferred depending on the nature of the

cognition to be assessed, the charactexistics or identity (such as but not limited to the species, age,

health or wellbeing) of the subject, or other factors as may be applicable. For example, methodology

useful for the assessment of cognitive development in non-human subjects includes the Morrs Water

Maze Test and the Novel Object Recognition Task Test, as described in Example 1. Methodology

useful for the assessment of cognitive development in human subjects includes the tools summarised in

Table 1.

Table 1 - Methods for assessment of human development

Parameter Tool used Age group  Components of tool Reference
Cognitive and  Bayley Scales (-3 years Global assessments of cognitive ~ The Essentials of Bayley Scales of
Alotor of Infant and motor development assesses  Infant Development II Assessment,
Development.  Development, the motor (fine and gross), Maureen AL Black, Kathleen Matula.
Version 2, language (receptive and New York: John Wily, 1999, ISBN:
expressive), and cognitive 978-0-471-32651-9
development
Intelligence Weschier 2.6-7.3 Verbal comprehension WPPSI (Wechsler Preschool and
Quotient Preschool & years Primary Scale of Intelligence — Third
ptimary scale Edition, 2002) published: Harcourt
Assessment, David Wechsler
Memory Children’s 5—-8years 1. Attention and working Children’s Menmosy Scale (CMS)
Memory Scale memory 1997, Morris Cohen
2, Verbal and Visual memory
3. Short Delay and long delay
4. Recall and recognition
5. Learning Characteristics
Development  Denver 0-6 years General childhood development  www.denveril.com
Developmental
Materials
Executive Wisconsin card 5+ years 1. Preservative thinking Wisconsin Card Sorting Test:
functioning sorting test 2. Assess abstract reasoning Computer Version 4 (WCST: CV4),
Robert K. Heaton.
Academic School Report  4-7 years School Perfonmance Report Cards (Academic
Achievement  Cards Performance in School Setting),

Young Children Achievement
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Test,Wayne P, Hresko

5. Enhancing growth
[0072] Optimal growth is 2 key part of infant and child development. Restricted growth has been
shown to have detrimental effects on long-term health and cognitive development. Therefore any

agent shown to increase or maintain healthy growth will have wide benefits for infants and children.

[0073] As outlined earlier, the terms “increasing or maintaining growth” or “to increase or
maintain growth” are used interchangeably herein and refer to increasing or maintaining healthy growth
which may refer to increasing or maintaining the absolute growth ot rate of growth with reference to
weight, length, or height, while not increasing adiposity or decreasing bone density. These terms also

- - - [
refer to increasing bone mineral density and/or brain weight.

6. Isolation of complex lipids

[0074] Extracts or fractions containing higher levels of complex lipids than natural milk may be
prepared in 2 number of ways. These include the extraction of milk or milk powder with
chloroform/methanol mixtutes (for an example see Mattin et al,, 2001) or Tetrahydrofuran (Neeser et
al.,, 1991) or sub critical extraction with Dimethyl ether (WO 2006/041316A). Extraction of complex
lipids from other tissues such as mammalian, marine and plant sources, including brain, neural tissue,
liver, fish blood, egg, and plant materials has been achieved by a wide range of methodologies known to
those skilled in the art (one such example is given in Svennerholm et al., 1994). Gangliosides may also
be produced synthetically ot sem.i-synthetif':a]ly. Gangliosides useful herein include any one or mote of
GM1, GM2, GM3, GM4, GD1, GD2, GD3, GT1, GT2, GT3, GQ1, and GP1, and any of the “a”,
“b”, or “c” derivatives where they exist, and any combination of any two or more thereof. Structure

and synthesis of gangliosides is reviewed by Rosnet, 2003, incorpotated herein by reference.

[0075] Examples of extracts useful according to the invention include any “high fat” milk fraction
for example: cream, butter, ghee, anhydrous milk fat (AMF), buttermilk, butter serum, beta serum, hard
milk fat fractions, soft milk fat fractions, milk fat globule membrane fractions, and combinations

thereof, and hydrolysates thereof.

[0076] Milk fat is discussed comprehensively by Fox and McSweeney (2006), hereby incorporated by
reference. In addition to lipids, milk fat includes vitamins, sterols, and minor components. See
Chapter 1, Composition and Structure of Bovine Milk Lipids, Fox and McSweeney, for a description of
naturally occusring bovine milk fat. Fractionation of milk fat is discussed in by Bylund, 1995,
Ilingworth, 2002, and Rombaut et al, 2006(b), all hereby incorporated by reference. Seasonal vatiation
of milk fat is discussed by Fox and McSweeney (2006).
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about 40% fat by weight, preferably about 40% fat by weight), butter, ghee, anhydrous milk fat (AMF)
(typically produced by phase inversion of cream or dehydration of butter), buttermilk, butter serum,
beta serum, hard milk fat extracts, soft milk fat extracts, sphingolipid extracts, milk fat globule
membrane extracts, milk fat globule membrane lipid extracts, phospholipid extracts, and complex lipid
{lipids that yield 3 or more types of hydrolysis product per molecule) extracts, and combinations

thereof, and hydrolysates thereof.

[0078] Buttermilk, butter serum, and beta serum are discussed by Bylund, 1995, Rombaut et al, 2005,
Rombaut et al, 2006(a), Rombaut et al, 2006(b), and published international application WO
2006/041316, for example, all incorporated herein by reference. Buttermilk is a term used to describe
the aqueous liquid phase obtained from traditional butter production using a butter making process
which may be a batch (churn) process ot a continuous (Fritz) process. Buttermilk is also a texm used to
describe the aqueous by-product produced by the cream concentration step of the traditional method
of producing AMF from cream. This traditional method involves concentration then phase inversion
of cream to produce oil that is further concentrated and polished to produce AMF. Finally, buttermilk
is also a term used to describe a combination of the secondary skim and beta serum by-products of a
two-serum process for AMF production — see for example, Bylund (1995) and published international
application WO 2006/041316 (see Figure 2) that describe this process in detail. In that two-serum
process, the by-product from the cream concentration step is further separated to produce secondary
skim and the by-product from the oil concentration step is further separated to produce beta-serum. In
the first two instances, the buttesmilk is produced before any phase inversion has occurred. In the
third instance, the buttermilk is 2 combination of secondary skim produced before phase inversion and
beta serum produced after phase inversion. Concentration and polishing in these processes is typically
achieved by centrifugation. Phase inversion is typically achieved by homogenisation. It should be
understood that the source of these dairy lipid extracts may be milk or colostrum or a combination
thereof. Useful starting materials for fractionation include cream, AMF, butter milk, butter serum, or

beta serum, from milk or colostrum or a combination thereof,

[0079] Multistage fractionation of milk fat may be cavried out by differential crystallisatdon. Milk fat
extracts are heated to a set temperature and the crystallised ot solid (“steatin™ — hard fraction) and
Liquid (“olein™ — soft fracton) fractions are separated. Multi-step fractionation refers to re-fractionation
in a subsequent step of a product of a previous fractionation step. Successive soft fractions may be

produced by fractionating parent soft fractions into soft and hard sub-fractons.

[0080] Other fractionation methods include phase inversion, interesterification, glycerolysis, solvent

fractionation (such as with ethanol, water, or acetone, used alone or sequentally), supercritical
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fractionation (see Astaire, et al, 2003, for example), neax critical fractionation (see WO 2004/066744,
for example), distillation, centrifugal fractionation, suspension crystallisation, dry crystallisation,
fractionation with a modifier {e.g. soaps or emulsifiers), nltra-filtration, micro-filtration, and any process
for fractionation of lipid known in the ast, and combinations of these methods, all as known in the att.

In one embodiment, the fractionation method is selected from solvent fractonation of cream, AMF,

butter milk, butter serum, or beta serum, using ethanol, water, or acetone, alone ot sequentally.

[0681] Lipids present in the compositions of the invention may be fully or partially modified,
whether naturally, chemically, enzymatically, or by any other methods known in the art, including, for
example, glycosylated, sialylated, esterified, phosphorylated or hydrolysed. Lipid hydrolysates may be
prepared using known techniques, including but not lmited to acid hydrolysis, base hydrolysis,
enzymatic hydrolysis using a lipase, for example as described in Fox and McSweeney ((2006),I Chapter
15 by HC Deeth and CH Fitz-Gerald), and microbial fermentation. One method of base hydrolysis
mncludes ;J.ddhlg 1% KOH (in ethanol) and heating for 10 minutes. FHydrolysed material may be

neutralised with acetic acid or hydrochlotic acid.

[0082]  Milk fat globule membrane material may be isolated according to the acidification method of
Kanno & Dong-Hyun, 1990, and further fractionated into lipid and protein fractions by the addition of
methanocl, as described by Kanno et al, 1975. A phospholipid extract may be isolated by extracting the
lipid mixture with acetone according to the procedure of Purthi et al, 1970. Lipid residue may be
further enriched in milk fat globule membrane lipids by the selective extraction of non-polar lipids with

pentane.

[0083] Fractionation methods useful to produce milk fat extracts useful herein ate also described in
published international patent applications WO 2006/041316, WO 2007/123424, and WO
2007/123425 that ate each hereby incorporated herein by reference in their entrety.

[0084] TParticularly preferred milk fat extracts useful herein includes those described in the examples
below and those summarised in the following Tables 1a and 1b. These extracts may be dried, and may
be powders, optionally with components including flow aids such as lactose added to improve
flowability. Fraction 1 is beta-serum. Fractions 2, 3, 4, and 6 are prepared by ethanol extracdon of
beta-serum powder. Beta serum is the liquid phase produced duting AMF manufactute. The fractions
including beta-serum, the G600™ milk fat precursor (Batch 1 is an emulsion, Batch 2 and Batch 3 ate
freeze dited powdets; all manufacturing precursoss to the G600™ milk fat extract), the G500™ milk
fat extract, and the G600™ milk fat extract were obtained from Fonterra Co-operative Group Limited,

New Zealand. Fractions 7 to 11 described in Table 2b below may be produced zccording to the
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Mbi sture 2.7 2.9

methods described in published international patent application WO 2006/041316 (see examples 3 to

6). Fraction 11 may be produced by supercritical carbon dioxide extraction of Fraction 9.

Table 2a — Milk fat extracts useful herein

Fraction
1 2 3 4 5 6
Component Beta piG::[:JO;J:r piﬁc{:?t:\;r pii?::t G500TM G600™
(“ow/w) serum (Batch 1) (Batch 2) (Batch 3) extract extract
Protein 30.2 ND 10 7.3 <2% 10.2
MFGM 7.5 ND ND ND ND ND
Fat 20.6 ND 73 80 35.5 21.9
Phospholipid 9.7 27.6 44 46 17.6 15.1
PC 25 3.2 5.8 5.9 3.1 2.0
PI 0.8 6.0 8.4 8.6 2.8 2.9
PS 1.1 7.3 11.6 124 , 35 4.0
PR v 28 6.4 12.7 124 4.9 4.4
SM 2.4 3.5 4.6 6.3 2.8 1.6
Gangliosides 0.4 4.5 5.8 5.8 1.3 20
GD3 0.4 4.0 5.2 5.2 0.6 1.8
Lactose ND 8.3 14 3 54.9 58.0
Ash ND 7.0 10 1.7 5.0 83
Moistre 1.9 3.7 3 2 3.2 2.8
ND = not determined; % w/w = % by weight.
5 Table 2b — Milk fat extracts useful herein
' Fraction
Component (Yow/w) 7 8 9 10 i1
Protein 49.7 60.2 <0.01 <0.01 12.4
MFGM 11.9 144 0.2 ND ND
Fat 35.6 231 04.2 86.8 90.2
" Phospholipid 14.9 16.0 31.0 65.7 66.8
PC 3.8 49 8.1 16.8 15.0
PI 1.1 1.5 2.8 5.8 6.0
PS 1.6 21 4.3 8.7 7.6
PE 4.3 5.4 11.3 23.6 21.8
SM 3.6 4.5 1.5 16.5 13.6
Gangliosides 0.7 1.0 1.2 2.0 2.0
GD3 0.6 0.9 i1 1.8 1.8
Lactose 7.8 11.7 2.6 6.4 4.0
Ash 5.2 5.9 31 12.1 9.1
Moisture 2.7 2.9 2.6 4.6 23

ND = not determined; <0.01 = trace amounts.

[0085] The G500™ milk fat extract is a spray dried milk ganglioside concentrate to which lactose
has been added to improve powder flowability. The G500™ milk fat extract has a typical fatty acid
composition of myristic acid (14:0) 5.6%, palmitic acid (16:0) 18.4%, palmitoleic acid (16:1) 1.2%,

10 margaric acid (17:0) 0.5%, stearic acid (18:0) 14.9%, oleic acid (18:1) 31.0%, linoleic acid (18:2) 3.8%,
linolenic acid (18:3) 1.5%, and arachidonic acid (20:4) 0.5%. The G600™ milk fat extract is a spray

dried milk ganglioside concentrate to which lactose has been added to improve powder flowability.
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f aomul at ed @o pngwoerewmerquabmut:h AH0QPCor Edlﬂ}{hef@ﬂﬁ@ ak 30% . WPE Q@%m)mnd

alternativ n , the co i ons ful herein fmay be

f or myl at ed?‘f)o Pnﬁamnﬁf?ggife?‘ﬁiﬁldfbseﬁﬁgﬁﬁ’f’ect by any chosen
route, includi ng but not limted to oral admnistration. [0096] The
fol I ovjoong] nonthbmltdmg lexanpihest foxaulp) foNdvelesl fdreulalok P 1B fdhBula useful

prese;\f)ﬁ { hventi 03 rBGGI nno way linmts the scope there . 5 EXAMPLES
Test NEFEYTEPPY @2‘}’ 00TM precursor (Fontein Co-operative G oup
Limted) ig)a dagryodehityed conplex lipid ingredient having the
corrp05| tion shovvn in the followi ng table (energy 2730 kJ/ 100 g).

(b) — 30% vegetable oils

© 10 — 15% skim milk powder

(d) 6 — 8% whey protein, preferably WPC80, and

() 1 — 10% of one or more complex lipids useful hetein.
[0093] One example of 2 maternal formula useful herein comptises (w/w)
20 {a) 80-99.9% of a milk powder selected from whole milk powder, skim milk powdet, milk

protein concentrate (MPC), milk protein isolate (MPI), and whey protein such as a
WPC or WPI
(b) 0— 20% lipid such as milk fat or one or more vegetable oil
(©) 0-25% sugars or carbohydrate ingredient
25 (d) 0.1-0.5% vitamin and mineral mix
(e) 0-5% flavour ingredients, and

® 0-5% one or more complex lipids useful herein.

[0094] Any of these formulas may also comprise 0.1 to 4% w/w, preferably 2 to 4% w/w/ of one
or more of a vitamin premix, a mineral premix, lecithin, one or more antioxidants, one or more
30 stabilisers, or one or more nucleotides, or a combination of any two or more thereof. In some

embodiments, these formulas may be formulated to provide from about 2700 to about 3000 kJ /L.
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Table 3 - GE0Ont urecursor conposition Conponent %ww Protein 7.3
Fat 80 Phospholipid 46 PC 5.9 PI 8.6 PS 12.4 PE 12.4 SM 6.3
Gangl i osides 5.8 GD3 5.9 Docosahexaenoic acid (DHA) 0.034 Choline

0.45 L@%Qﬁs e FnARlndive embodiments, the compositions useful herein may be formulated to allow for

administration to a subject by any chosen route, including but not limited to oral administration.

[0096] The following non-limiting examples are provided to dlustrate the present invention and in
no way limits the scope thereof,

5 EXAMPLES

Test Material
[0097] GGOO™ precursor (Fontetta Co-operative Group Limited) is a dairy derived complex lipid

ingredient having the composition shown in the following table (energy 2730 kJ/100 g).

Table 3 — G600™ precursor composition

Component % w/w !
Protein 7.3
Fat 80
Phospholipid 46
PC 5.9
PI 8.6
PS 12.4
PE 12.4
SM 6.3
Gangliosides 5.8
GD3 5.2
Docosahexaenoic acid (DHA) 0.034
Choline 0.45
Lactose 3
Ash 7.7
Moisture 2
10
[0098] The measurement of gangliosides in the G600™ precursor was conducted by dissolving

0.1 gin 12.5 mL of methanol followed by incubation at 50°C for 10 minutes followed by the addidon
of 12.5 mL of water and incubation at 4°C for 2 hours then analysis by HPLC-UV (Wagner et al.,,
1996).

15 EXAMPLE 1 - Effect on cognition and leaming

1.1 Timed-matings
[0099] Timed mating of Wistar rats was performed at 100 days of age using estrous cycle monitor

(EC-40, Fine Science Toals, San Francisco, USA). Confirmation of mating was via a vaginal lavage

with sterile saline and visualisation of spermatozoa under a microscope. Pregnancy success rate was

20  100% wath 28 dams mated.

1.2 Nutritional supplementation
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Moi sture 2 10 [0098] The neasurenent of gangliosides in the GG00TM
precursor was conducted by dissolving 0.1 gin 125 triL of nethanol

fol l oned by incubation at 50C for 10 mnutes followed by the addition
of 12 -LBDN%O‘C IR sSFer@ R 2isREUPEL: B IDIAC 01§ Hada MM, DRED Iﬁ{}%ﬁﬁgh%upy
HPLC- UV (Wagner et al., 1996). 15 EXAMPLE I- Effect on cdgni'ti on”and
| ear ni pregrndyFndérgafen thagenf0ed op Trpvalex mik lipids: dPanyy were pupplemsnigd with
perfor : 8L,U4Si,Ng estrous cycle nonitor (EC 40,

Fi ne %lﬁ ﬁcee#%%ﬁg?ey%élﬁésﬁﬁgncggco, USA). Confirmation of mating was
via a vagi nal |lavage with sterile saline and visualisadon of

sper mel08Wdh uMNrenates wite puppleosated Pith gmaghiesjdes Growapsstnptat day W until G2yl 2006:ly

W t:h . richl i wer e
ed a 1ot GRailhditonenehichi e g RlonT KPP BT LU PPt RA LY O VLS
t hr oughostred fimdgmtalecy and | actation that contained no conplex mlk
i pids. Dans were supplenented with gangli osides using the gel

d i I | f - WM I i,d
descri itbahe! s, 4 PGLITLISINALCEUEL & AUBRL DL All L dB00H 03]
concergehd, 16% wofv VeBRYEY Wwllatanitgedrceghle (WonghdMFaspbaey ivouting wyd 0

rel ati t.0 ured food, jntake. 0 s for ns _and pu r
br eparEE et AR Ve flard Bhtiab R CaRiai Fouiinr e raRne i e
W susy pad.S5h¥gal per daf.avouri ng concentrate (Hansel |l sSTM Raspberry
flavouring) and 0 (Blank), 0.384%w v (Low) or 1.92%w v (H gh) of
G600TM precyrsor. .E ts,llilvall ent..k9,0. 48 and 240 10 ng per 12.5nl gel

per day. 1. Br e<eani %Iﬁlf)lﬂ)tlaerrent ation 100103] The suppl enent was

admi ni[80163led Die aipplemganiey edmmisnged gedil gavapens foquitgi dhibes apdcificaly egird

for use in.rat pups/weanlin (Instech Laboratori ct n er
001 365 25015 Gealpe Bl e o 15 Lt Pt oo 3P 15l Higet B OF
in stear)d amid) &30 nay)t Debe wa3i0BhEn bRfile wathil Obftid® k@ha8 wehadnihyaydgtham
containing sterile water. 1.4Post-weaning gel supplenentation
[dgloﬁj“ﬂgeﬁﬂé’éaﬁ‘?l%“‘(rﬂ%g’?tﬁ%t al day 22), animals were weight-natched

W thin treatnment group and housed two per cage under standard

condi tlidons. Pddraveiniwy bl ehpiieasamtided above) was fed to pups and was

suppl ed with a ganglioside-caontaining,gel descrjbed above at
the, TREY° 5, A wemnedies ﬂ%?ﬂ@%?bsm@wémw F et RaL vhip SeamesheR R
the gabssedtwd p& ciRsRIdehingdoaine PRsadwallet (@edibed ke R deddipusd £

according to changes in dietary consunption. The gels were £| aced at
ei t hei"2efipPlsmeniRd Vita @ griegoptetontinng a5l daeived abnwe anide domss Hars2hpes-e
preferentially consunmed over the chow. There were no significant gel

r eomandeaos]r ol tho@fdidt Ras i;mh&ewitmﬂmt ks St the@bdRE BeRred dbovl/BEskd 6n food
Wat er . Maze Testing 25[00106] The Morris ter Maze is widely used in

the Wtkaang agiusteriecauipg faschipageen digiys consubatier) Thse' Mt Rhcemitsitheriead of
ani mlg fE@Y:% PRk SRR QR LB o8It (vBlePWfert MialK RlniBed V2L the SRV M BREENT
and escape fromthe water with a m ni fum anount of effort The

pr ot o®ete npeignifishad gelfrprangncfrere asy itk sl using this tachaigieence (Vol 3,
Section 8.5A.5) and was perfonned over a 5 day period. In its npst

basi c{or m Mg Watee MR I%s esses spatial |earning and nenory
(Brandeis et al, 1989). Al data was 30collected automatically via

c8hpui®06]si nhedvomsis Mg fsreidabi wrgd inyihe Bhatqr Aty Whe Bongt Weter Mags, is based
USA) . upon the premise that animals have evolved an optimal strategy to explore their environment and
escape from the water with a minimum amount of effort. The protocol was taken from Current
Protocols in Neuroscience (Vol 3, Section 8.5A.5) and was performed over a 5 day period. In its most
basic form, the water maze assesses spatial learning and memory (Brandeis et 21, 1989). All data was

30  collected automatically via computer using an automated tracking system (AnyMaze, Stoelting, USA).

15.1  Morris Water Maze Testing Results
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1.5. 1Morris Water Maze Testing Results [00107]Figure 1 shows the

time each group of rats spent to reach the subnerged platformduring

4 days of acquisition testing. All groups were simlar at the start

of acqr&mm Iorplgu@éi !smﬂvs ﬂéﬁﬁn@&fcﬁg.to gEf 8P t@amge{leeiegamlgmﬁigﬁg%g4
for al day 2, die ose g treate ani ne ear nt

si gni fd@aﬁf 409111@9@10%@51); dlligedeps weteainilnhes B tarkofgequisiteh ttmvgd@bteef@eﬂ of

treat 4 wer e,
e "SRR SRYRYSE DY onhl G OHRS B 81 S e
aver ag@grs&mmﬂys(pe@%)cquekextth@ the Ehyls g hindloguiet peloratrest gm@sl fctsaeret, by day

e and_ Fi qur.e sho e.sw mdi stance. There were
no Si g‘ﬂ’aﬁggﬁﬂiwﬁf%ﬁgﬁlﬂggg ¥y’;“:yst\‘i{:f ate?befgﬁf%& ween any of the
treatment groups. The trend for change in swimspeed over tinme was
p<0. OOPdIBpr &hgurd 2 fl@Wﬁﬂt&avgﬁgﬁlﬁa&n sfided pecrwast dayt bﬁ&duikiﬁwaﬂ‘eﬁfﬁlg in the water
decreased s e Hi dose.gel 10treated an =0.09). .
Wi dmeat EebRanop rav ik SR AR Qe e SRR oper i
swim | @B@Ilﬁt\td&n hiu)gdsf tHotengelt gidupat Fgk tend fa change irsetimBbaddioveedme was
(control (g ?? 2 of testlgg whi ch n%rall-gl(? the shortened tine to
pl at f FWGORT fase aﬂrt@afbt EPHBG. 685 Vet bTectehsA Ui spegthiorhiigh dose gel
di 19t angted W iinalsiHEe0.08.S . sOQ0 Hista@te, Blete wiak 8 SbABAN: BIFRKAS in brallswiBdnkf
Wat er Maze Summary 15 [00109] There was an_ inproved rate of | earning

and sv Fighadossed é‘F%‘-’e%‘*f‘mHi’l%Y%ﬂ’é Slagh aeléﬁ@éralsw Ay o toging Weichparliesidts on
phase sh&téﬂ!eghmg(?& a@SHm Hﬁ@% p @08}, 3ﬂ1e@éﬁd@£cﬁﬁa§ e IOl YWRELife
no significant di ferences etween the groups. Thé results indicated
di e HYYR,T4D1dpn AleirestpestigiopPt he task faster than the control

animals. The analysis indicates die animals did this by shorter swm
di st anggy andgdmib ks M¥LdSURGafyast er. Conversely no detrinmental

ef fects of GGOOTM precursor were observed on the 20paraneters tested.
Ofér allP0Per eTbrre vanan impeeref fds elewningand S50 0TRMpieE QS distancyd and speed on day
suppornt |

00110] The R aF e Hhg Dt ok S R AT L Py efS € yhEs b e
W st ardiffesgncestbeptasp aljtq gserpiss The tegylis dnlicated alrailigly dbwshainiadsearftche mek fastevm

t hey I

1038) 35RO TR B0 RN e AR R o AP SRS ) S
expl osainonyg &etei- \ﬂonyersqlwasdﬁvédedygl effires ¢fiGA0E pematursn vemp:ilxsm'af@nélthe

di feren obj.e e [ Xl mat el 1
800 e PEREE RIS QAL RERIERAAL BT QRIS rloePreh S SHiftieb e
The | earni ng sl opes vvere simlar between die groups (data not shown).
Not ablly, inNoeelslei@trRee:mgni@ipilﬂ”glsla&'mtiﬁigty were nore pr om' nent in the
group 3 e

Bl ank Fﬁt r:ﬂ? ‘Q'% ?ﬁg %cgg[g tﬁ;Orﬁlot(ﬂ}s 1Pa156> mgc?y 1\]/\5155"@%”% km uced d‘ﬁlom%onfs
seco n@rpidal laaiuuog bélﬂﬂbwﬁgr chasywlikn t@@%ﬂrﬂ}e’éﬁ)bh&dﬂnﬂg aho@él edwfoamehu @Ennaceur
obj ects ChBelﬁ g ggg aced wth a novel object, there was an approxi mate
3-4 f8f “PEdEE)in exploratory activity in die groups treated with
Low dose gel or High dose gel, particularly the H gh dose group
(33. 14.6.1934)NocdriPgeaRecoguition BlaginRefudant rol ) treated group (8. 28

10. 22 =0.0 t tailed t-test These data nm u t . that .the
oot ORED, D Tosnme il fori Mrmh R i et S B 7 Bl e
envi r gRawily rddfriedffdtn gproxtmbel? 1E@seedmcﬂajsee&coiﬁﬁ&agﬂst§ﬂtwta@1hxreﬁwar y
5[001131The in rqduc§|on of a, novel obj idresult in

ect
si gni FTReEFRCe MR duppesels the HPﬂFgF]ﬁE‘FSé‘&‘é%S“H]f“%E%FIthF .sgmaeﬁctav.npyslﬁownl he

gr OUPHotabE ke thIEIMIPEEEME S@fe prQﬁS@c il @Ie%uf@y teHEOE L 19D HEse gel
awar eness 'of changi ng envi ronment by .conplex [ipid suppl enrent ati on.

cé%veps%#gi} dags agbeaninsesdtta thedilfnkeektresfed Sayp I“é’ﬁ% anardl abjegtevap inglgdeaed derirgn

this SySLem o=X0NRlE, %5y £f fect on growth 10 2. 1Ti med- matings and
nutri t| onal suppl emeﬁt ation

[00112]  Following 1 of 4 familiar objects being replaced with a novel object, there was an

approximate 3-4 fold increase in exploratory activity in the groups treated with Low dose gel ot High
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[00114] Tinmed mating of Wstar rats and nutritional supplenentation
was performed as described for Exanple 1. 2. 2DEXA scanning

[ 001151Body conposition was assessed using dual energy X-ray

absor pi | . ' I i f. kAl gl
T A L b
based (848 tHd.28i f+&¥éntvioghiled tHta@tiudhese dath yay higgese thavthe trapmientreitlsconfplex

X< T 8V Supial B2l EFRDL OIS, B bW ek S DAL OReQF ginet her growth

i ncl ud€s orEis ™I ependen of an I ncrease i A b dy fat conposition or
bone m neral /density. 2.3Results 20[001161Twenty ei ght dans were tine
mat ed 162 ng Movel @bjecoRecogpition TaskiSmormapd al | 28 pregnanci es were
sugce . T litter. from one ,damwas excl uded fr . .
oxgor Ly ' 2fc nblifiop BPLhRRo AT IR I Yt BT 14 g incrense o
Li t t erexglodsy achvifpy ineiephidupa hdatadivieh GE0MMpraawor. alieasdanansy sabgestvbide

within the no | .range (nean litter. size 14 2. nean pup wei,ght 6.2
0. o oFvees O S TP YRR FOPBOHIRG S Pe e aion G Se ST ffighentl
until eveanbf@pplMatasiontiee dsededintthistResbal ance made up with femal es
where 25necessary. [00117] At neonatal day 10, animals were randomy

assig it hj ifter to receive a Blank, Low dose or Hi gh dose by
gavaggﬁg@ﬂa’ngé‘%FWnéfgme 1 above. For exanple in a litter
containing 6 males and 2 fenales, 2 nales were treated per treatnent
grioup 2and f Gtmedsndtiggs atdhoealoadl supplerdeiiealond pups were handl ed '
i denti y. rtalifies or adverse events were obseryed in any.o
e alfEHIL ( NEedarasts phiEhs s B TR R g By Beiage Pl
at weanim@mbpiaty 22) and replaced with oral supplenentation with gels
as descri bed above. [00118] Weani ng weights were in the normal range
altho %h th was a.small but significant increase (p<0.05) in

weani A4 wei F2PA®8H gh dose gel treated animals conpared to
cont r p40a15] Bl aBédygeinpbsitidiOwasQsstsed usitg®Oiallas ey Felay Sdodliometrf DEK AN TR

dose gel . 63.22 0.48 g.. 2. 3. 1Postnatal G owth 5[00119] Postnatal_ .

gl dwt 2 mgmﬁmtidtfgﬂﬁ%ﬂve? ‘P&%é‘éﬂ HfHhE FPERANERT Ogisﬁb%Oéh@ﬁtee t 6t fpsue
GE00TMAPEQEUBSAT od @k HifRFentiiMVERALIB] tisQies bF ©1d 16@BR1 §84yh.. THiD keRhdigue allows
shown in Figure 5 This effect. was not dose dependent and is al So.

i ndep&figEpatien of hethenegp vHhincusien s if indepepfieng phangncrease inghady &4 GprResion o
By wegpidldintdpMerddy. there was a small but significant increase in
body weight in the H gh dose group conpared to control. By postnatal
day 80 there was a significant increase in body weight in-both

tr eat fént gBﬁ%%@ 10( p<0.05). 2.3.2 Body conposition [00120] There were
ngg St m‘lfﬂj c ar‘f\vtgit)f Ji%‘ft ANCEFeie MinR M ed @insGRIPRRLE &RR nitBPAR all 28 regnancies
nlnerallden5|%ienar_ers bet ween any of 'the treat'nent groups. Tﬁus,_

t he i Weresasreduhelhlittey &pr asb dapved exdndad fra tie sppphere srdrdyg plymall Ltter

G600T cRHb1 iLher; T 1O AT
refl e%@{nﬁgﬂﬁéa&%gg L&&\e{zg%fﬁe‘%%lt%nﬂl%' G036 Aiflshyeld £l Plvithin th

I5adi posity. was a slight trend towards an
i ncr easwd! faags (reamlivesico 14 1 2L owangppeveighk 6.2 tebi? gdlisteis mslesadistep 49 & gupsdo

contrgl = ). Hi I AN r | i i
o gni friarBe ke i dRAE A0k MLEMALANIBIGLELE & bBl ket bt
Thesend¢cesudyt s are shown in Table 4 below. There was a small but
significant increase in BIVID in Hi gh dose treated ani mal s conpared

to coeq0 :]s (p<0, . -Tgilg 4—‘d-|1;8§algﬁ)d ,B}t'l-rea rati s,

bone ROEEN 21 St dantp sl pi e iR Mo leer Lo BILA LSS

per gdapr Highalope Bp daadge hatldtglrd in BiangplBMDbdre nEiclex gy in a litter containing 6 males
and 2 females, 2 males were treated per treatment group and females left untreated. All treated pups
wete handled identically. No mortalities or adverse events were observed in any of the animals (n=156

30  pups dosed). Neonatal dosing by gavage ceased at weaning (day 22) and replaced with oral

supplementation with gels as described above.

26



Control 20.9 0.7 0.266 + 0.01 0.147 0.001 245.3 1.5 Low dose gel
22.2 0.8 0.297 0.02** 0.148 0.001 247.5 1.56 Hi gh dose gel 21.1
0.8 0. 270 0 01 0. 150 0.001* 249.7 1.38* *: p<0.05 conpared to

cont r ofy R §e bOimg audn% TR G

invent her e‘? iScover ed t&at com ﬁ-mﬂ,‘%ﬂ fﬁ% svgso% erre-{%‘1351 %Cnm fed
to an iﬁaeun@ﬁie@ edvctaumg weight i ideealdigh ﬁmrgeh%tednnlbedyommrghto oganois Blank
(both L S d el pat H gh dose
group) ‘Ig)(S) gﬁg\%ﬂd%ow Q%Sa%e Ot%rg ner eé’g%%d%?l polisiftgS as assessed by
DEXA scanni ng. EXAI\/PLE 3 - Placental transfer trial [00122] Dual
perfuskﬁihummaaﬂ(ﬂte@th/vere taken from si x placent ae of unconpl i cat ed

ter nanci es nor e el e t| Y&, Caes patr e wand
fetga} 3@&1@\9' alt AL oﬁ‘(’)us aisu%m i e WeY £“ese‘?so%g]iml i 'flﬂ %‘f?é’é@e
t he p|p1€cﬁ[ﬁoﬁ(eifh¢1l1b&bl dt@dgeﬂ)yr Hihidasd @1). This Stsﬁﬁxbxhﬁ H:gneﬁsmuéﬁ‘f&t \véifﬂﬁ'ﬁose

al so ¢ serum nto aid.t pophi | i

subst affree?f d BRI e lrﬁgaﬂl&a]@rlﬁ Pf Blérgfkfgr%ﬁn% aRh¥FAnfg
const au4 Norel s @ sABIg bR YR inclda&: i BbdyUGd uirﬁ@ h(HéGe &1 d
nodi ff(e f%om él ange et ;%5%19821; accor d| ng 1gtH§ Col In:ige1r etgta‘I@Id(Z oif) .to

[ 00123Pekeh By Brspatgianstipretmer Hewtsgt mG'GaSﬁF‘h bady weigheig bodniyespet groups
|mmegqb&yogf tissue and circuits 5(fetal arterial pressure < 40

and | eakagé of perfusate fromfetal to maternal circuit < 2 nm/h)
then the maternal and fetal reservoirs replaced with fresh nedia
cont aiZmhg BOLESOBPOHESR substances. Tine zero and then hourly

sanpl q601207€ CPhé:8 WeRthof sip@iRcaMt liffel-dredlith Body e Shpb&fbd 5:0%80 lﬁ&raydmm}r
anal ysis. 'Metabolic viability of the preparation is assessed

sanpl érarkest baswecedunol e (reapeiherenper Rais, A icreetedveight gsid eeexarram almmls
anal y $§eh1fQdn XVied sdpmd e@a@ar(ameprsad @os%%ll'grfﬁl Plbse gél)ea& L YA&RBin@Afked
gl ucose “‘consunption 10 FBa er 865 Bl ood lyze Bayer
Dilagnedippety. ek vasatsighs tep @eretdsen H(cHaredc,fﬁrleﬂg 14tio iRbow o abmmaesgals

10 1. eg ed
from Tﬁﬂg%r%%tllérs géﬂdd%s bed gl\glag‘% aJ\/\;Iﬁla%"h"':Laj‘glééeoiJ % lﬁ%e rraﬁf 8 lrﬂi Pqngér

r eser \¥@-05, Pescfagsl lonmgthiabangondelchnach!sf drhesepesulss 8 llwwmsn lstlng belowl Gbed was
I i_nt

( ?08) %341% gl%t sfgﬁﬂd .A??ua!@&% 53%4?% Ifr{'gﬁ %‘oPeQLfeate[i %Sa%ml‘é ‘2{,15%119& to at:.ir%lggalrﬁh.ﬂas% q

subsequent |y assayed for GIVB GDS and
Table 4 —~ Total body fat, fat:lean ratios, bone mineral density and body lengths. Data are mean

20 * SEM, n=16 per group.

Group % Fat Fatlean ratio BMD Length (mm)
Control 20.9 £ 0.7 0.266 * 0.01 0.147 + 0.001 2453+ 1.5
Low dose gel 22208 0.297 £ 0.02+*  0.148 X 0.001 247.5 + 1.56
High dose gel 21.1 0.8 0.270 + 0.01 0.150 £ 0.001*  249.7 & 1.38*

*; p<0.05 compared to control; ¥¥*: p<0.1 compared to control

2.4 Finding
[00121]  The inventors therefore discovered that complex lipid supplementation led to an

25  unexpected but significant increase in body weight gain (both Low dose and High dose gel groups) and
length (High dose group). This growth was not due to increased adiposity as assessed by DEXA

scanning.
EXAMPLE 3 - Placental transfer trial

[00122]  Dual perfused human lobules were taken from six placentae of uncomplicated term
30  pregnancies (normal elective Caesarean patients). Maternal and fetal arterial and venous supplies were

isolated, catheterised and the placenta maintained by perfusion of sterle krebs buffer (that also contains
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15l obul e viability. [00124] GB and (D3 contents of the perfusates
were measured by LC-MS using a Hypersil ATS2 columm, nornal phase
acetonittile gradient and detected in the LTQ orbitrap in negative

ion fa re tel

cr ashot DR tR ARG PR o P B o R MR Bl Y Ry,
bef or eclmmhtimt togant Gow (20300 @Eesxrg ) TheArrfatiomtedinifut QsdgGvap modifiag ﬁioua@hdce
onto an line.Cl8 tra d (50% MeOH), before eluted onto a
Hypers?tlalz&%gaccoﬁdmrﬁfoéfﬁlepéta | gan, MA, USA). Gangliosides were
separ ated on a normal phase gradient, and detected in the LTQ

b| t r@pi28hss &pﬁbtaﬁmhaqmd@ﬂ”ﬂm@rfmm i tg assess\physidalSAlegiitn ofiegad indeirtdn

pur c ha(géﬁ alft?%lmjsll?/ﬁ% g& Waﬁi_[ gkfﬂaagEg Bt S"i}lg gg’i%?tft?vo\%‘émﬁi "[s"gcré]’gtgdﬁj B/

A ucos®ertifht alacermnd ﬁhd ﬁat Rietvoit eghlicéd Wil ﬁémamdﬂaeﬁnwnldg doses Al teaanBdtAtZey. .
25[ 00 ]Thelnvenilmiwdls ov%‘;@jtht in all’ erlgvgtgts here was
evi dendBe3FOPRGHERoP 3 at éFF'F'ﬁtéé’E‘ Stes 9% $3hEs-

i ncr eavgsh kB PPy B HR prefaration f a0¥REd %ithBandihd cBecRd hbaHl fhdok BterRIMRHE et
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preference for GM3 uptake and release into the foetal side.
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EXAMPLE 4 — Assessment of brain gangliosides

[00127]  An HPLC-MS method was used to measure changes in the relative concentration of 8
classes of brain gangliosides (GM1, GM2, GM3, GD3, GD1a, GD1b, GT1b, and GQ1b). The
acquited mass spectra were filtered post analysis for the known masses of each ganglioside species. The

method was then used to compate the ganglioside levels in the brains of 2 day old rat pups.

[00128]  Pregnant rats were fed a diet supplemented with either a dairy derived complex lipid
(GGOO™ precursor, described above) or a calorific equivalent control. Two days after birth the pups
wege sactificed and the brain lipids extracted using the extraction protocol reported by Svennerholm
and Fredman (1980). The Svennerholm & Fredman method was scaled down for rat brain extraction
using initial solvent proportions of 2 mL water (including 0.25g sample), 5.4 mL CH,OH, and 2.7 ml,
CHC,. The final upper phase extract containing gangliosides were made up to z final volume of 20 ml.

in CH,;OH: water (50:50). Chloroform containing ethanol as a stabiliser was used.

[00129]  The upper phase was used for ganglioside LC-MS analysis. HPLC analysis was performed
on an Agilent 1100 series HPLC system consisting of a quaternary pump, binary pump, degasser,
column heater (60°C) and refrigerated auto-sampler (5°C). Samples or standards (10ul) were initially
loaded (0.5 mL/min; 50% MeOH) onto a wide pozre, reversed-phase trap (C18, 4 x 2.0 mm, 5 u,
Phenomenex, CA, USA) for preconcentration/desalting. After 2 min, the trap was switched in-line with
an APS-2 Hypersil hydrophilic column (150 mm x 2.1 mum, 3 pum, Thermo) coupled to an APS-2 guatd
column (10 mm x 2.1 mm id). The gangliosides were separated with an acetonitiile (ACN)/ ammonium
acetate buffer gradient described in Table 5 where Solvent A comptised 95% Acetonitile, 5% 50 mM
Ammonium Acetate Buffer, pH 5.6, Solvent B comprised 50:50 acetonituile : 50mM Ammonium
Acetate buffer, pH 5.6, and Solvent C comprised. 50:50 MeOH: Watet. The flowrate: 0.5 mL/min.

Table 5 — HPLC gradient
Time (min) Trap valvs A %8 06C
0 95 5 0
2 Divat 1o weste 85 5 Q
4 85 5 4]
8 Divert w detecior
15 10 50 0
i6 0 g 100
18 0 o 100
k) Divert to wasie 85 3 0
25 95 g 0




0O 0 100 19 Divert to waste 95 5 0 25 95 5 0 [00130] Negati ve
polarity electrospray ionisation, in full scan node (700-1650 in/z),

at a resolution of 30000 was used for the analysis of the 8
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11.  The use of claim 10, wherein the milk fat extract compuises 15% to 99% by weight total lipid,
1% to 80% by weight phospholipid, 1% to 25% by weight phosphatidylcholine, 0.1% to 15% by weight
phosphatidylinositol, 0.1% to 15% by weight phosphatidylserine, 1% to 30% by weight
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25fat extract. 11. The use of claim 10, wherein the mlk fat extract
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15. The use of any one of claims 1 to 14, wherein the formulation comprises

(2) 80-99.9% w/w of a milk powder,
(b)  0-20% w/w lipid ingredient,

10 (c) 0-25% w/w sugars or carbohydrate ingredient
(d) 0.1-0.5% w/w vitamin and mineral mix
(e) 0-5% w/w flavour ingredients, and

63) 0.1-5% w/w ganglioside.
16.  The use of any one of claims 1 to 14, wherein the formulation comprises

15 (2) 30 — 60 % w/w lactose
by . 15— 35% w/w vegetable oils
(©) 0~ 40% w/w skim milk powder
(@  0-40% w/w whey protein, and

(e} 1 — 50% w/w of one or more complex lipids.
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