USE OF DHA AND ARA I N THE PREPARATI ON OF A COVPGCSI TI ON FOR PREVENTI NG OR
TREATI NG OBESI TY BACKGROUND COF THE I NVENTION (1) Field of the Invention

5[ 0001] The present invention relates generally to a nethod for preventing
or treating (? (2) Description of the Related Ar he United
States, nore %(E;’;ﬁ&é’%s % of adults and more than 14% of ctr'ficl[lg’r%e})ﬁgﬂm‘4tl

adol escents are obese. (besity is a nedical 10 condition that takes various
factors into account, such as body mass index (BM) and wai st
circunference. For exanple, if a man has a BM over 30 and has a wai st
circunference that is greater than 40 inches, he may be consi dered obese.
besity is also determ ned based on a conparison of the anmount of adipose
ti ssue, a specialized connective tissue that 15functions as the major
storage site for fat, versus lean nuscle in the body. Ohesity causes
significant norbidity, decreased |life expectancy, and has been shown to

i sease. di abePSE ORyIAAF Ak B THEGHRERBRABIGR S AL BSOS PR acer
di sease, gout, sone typEQR)PREAYmHﬂNGamR TREAVING IOBESITY 20 [0003] There is
evi dence that obesity track MM, etal.

| nf ant - f eedi ng Practices afftFA~arpost |
Mexi can- Aer i ¢Bns, ﬁ@oﬂthedwentltmtr 55 1104 1108 (1992) In fact, studies

have fouynd thgﬁq‘pﬁe tﬂégre% npiggéﬁmq‘%llatngv?eﬁ?erﬁ&ptese c ﬂ‘ﬂ{ en and 50% of

obese adol esc stwer ¢ "obESE T N T ANnCc 25Progn05|s in
Juveni | e Chespptgventing br tréhtng mlmﬁtd.hood 33:307-314 (1958) Poskitt, E.ME.,

The Fat Child )CI [ ﬂesg) dhdffine B %‘?&ﬂ\ﬂ 141 158 (1981). [0004] Though adul t
obesity can b& and wai st circunference, the

sane does not [%ﬂ%ﬂly t & thafinited Sdateghmpm é’ﬁm %@éﬁdlﬁi&@n@mr@thaﬂ ci ans
agree that a BagyoCHIRRH érscpéacﬂéé@eamtobe%@vwbﬁé&ny% ZriRAsHr e of the

amount of body mass that Is present as
10 condition that takes various factors lnto account such as body mass index

(BMI) and waist circumference. For example, if a man has a BM! over 30
and has a waist circumference that is glf;eater than 40 inches, he may be
considered obese, Obesity is also determined based on a comparison of
the amount of adipose tissue, a specialized connective tissue that

15 functions as the major storage site for fat, versus lean muscile in the body.
Obesity causes significant morbidity, decreased life expectancy, and has
been shown to contribute o high blood pressure, breathing problems,
stroke, heart disease, diabetes, hyperlipidemia, high cholesterol levels,
gallbladder disease, gout, sorme types of cancer, and osteoarthritis.

20 [0003] There is evidence that obesity tracks from infancy to aduithood.
Zive, M.M.,, el al., Infant-feeding Practices and Adiposily in 4-y-old Anglo-
‘and Mexican-Americans, Am. J. Clin. Nutr. §5:1104-1108 (1992). In fact,
studies have found that one-third of obese adults were obese children and
50% of obese adolescents were obese in infancy. Mulhins, A.G., The

25 Prognosis in Juvenile Obesity, Arch. Dis. Childhood 33;307-314 (1958);
Poskitt, E.M.E., The Fat Child. Clin. Paediatr. Endocrin. 141-158 (1981).
[0004] Though adult obesity can be easily measured through BMI and
waist circumference, the same does not apply to infants or children.
Researchers and clinicians agree that a body compositioﬁ assessment,

30 which is a measure of the amount of body mass that is present as fat,



bone, and | ean mnmuscle, provides a nuch better gauge of infant or child
gromh and nutritional status than |ength and wei ght neasurenents. Thus,
the best way to prevent the onset of obesity in childhood, adol escence or
adul t hood | mprove body conposition in infancy,.. Ther ef ore,
It would bgﬁ%ggg?é@ﬁgl to provide a conposition that cﬁﬁ”ﬁ%%gzg%m?he body
conposition of infants and children and thereby prevent the onset of
obesity in chil dhood, adol escence or adulthood. In addition, it would be
beneficial to provide an infant formula or nutritional supplenment
cont ai ning such a conposition in order to inprove the body 10conposition of
i nfants and children. SUMVARY OF THE | NVENTI ON [ 0006] Briefly, the present
invention is directed to novel nethod for preventing or treating obesity in
a subject, the nmethod conprising admnistering to the subject a
therapeutically effective anmount of DHA or 15ARA, alone or in conbination

with one another. The,subject na e an_inf or a child. [0007] The
i nvention is Zhoé‘(? 8?&&% u?‘f@’a?’ﬁ?ﬂ@%? ar@?ﬂbgen#%rgaiuﬁﬁpgéfgﬁ?&rt%dl ean nuscl e
mass and decr gaewtigandauEitons status temdeadthargiubeight meafigeneibnd conpri si ng
adm ni stering t he lect. a thergpeutically effectiye 20amount of DNA or
ARA, al one or ‘\Lhﬁ"scg}ﬁﬁ%s t"Yaa’r%"\ﬂ"?‘f?“éﬁ‘ge %'?ﬁﬁ# Ht?ge‘i“ﬁ' "&8@1‘4”}08 ' the invention
is directed t@adiersehod of adulthpodgudabe tyintjrove bpdessinpasitibn Inlinfdneyn a
subj ect' g skel nmusG| h LSl Lni sterin o the
subj ect g therlgggéu]t i cgﬁegefgl% E&%@Bg%ﬁ% ’%ﬁb%\ﬁ%&ﬁﬁ%p%glt‘(?ﬁéﬁ%tr in
conbi nati on wqamimmeo@thprtmdy CPhwoisition of irdantssar@sdddier avbiheyeldi rected to a
met hod for downeegithial bRSetdiSnesRS RTAHIALAY, siblescence or adulthood. In

addition, it would be beneficial to provide an infant formula or nutritional

supplement containing such a composition in order to improve the body

10 composition of infants and children,
. SUMMARY OF THE INVENTION
{0006) Briefly, the present invention is directed to novel method for

preventing or treating obesity in a subject, the method comprising
administering to the subject a therapeutically effective amount of DHA or
15 ARA, alone or in combination with one another. The subject may be an
infant or a child. ' '
[0007]  The invention is also directed to a novel method for increasing
the lean muscle mass and decreasing the adipose tissue of a subject, the
method comprising administering to the subject a therapeutically effective
20 amount of DHA or ARA, alone or in combination with one another. In
addition, the'invention is directed to a method for upregulating the
expression of IL-15 in a subject’s skeletal muscle, the method comprising
administering to the subject a therapeutically effective amount of DHA or
ARA, alone or in combination with one another. The invention is
25 additionally directed to a method for downregulating the expression of Il.-
15 In a subject’s subcutaneous adipose tissue, the method comprising
administering to the subject a therap'euticalfy effective amount of DHA or
ARA, alone or in combination with one another.
foGas] Further, the invention is directed to a method for upregulating
30 the expression of adiponectin in a subject's skeletal muscle, the method
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15 in a subject's subcutaneous adi pose tissue, the nethod conprising
adm nistering to the subject a therapeutically effective anmount of DNA or
ARA, alone or in conbination with one another. [0008] Further, the invention
is directed hod for upregul ating 30the expressi( Qnectin in
a subj ect’ S\*@mﬁwﬂﬁ nuscle the nethod conprising ad&?ﬂ“@%m%aﬁ to the
subject a therapeutically effective anount of DHA or ARA, alone or in
conmbi nation with one another. In addition, the invention is directed to a
met hod for downregul ating the expression of the hepatic leptin receptor in
a subject, the nethod conprising adm nistering 5to the subject a
therapeutically effective amount of DHA or ARA, alone or in conbination
wi th one another. [0009] Anong t he several advantages found to be achi eved
by the present invention, is that it prevents the onset of or treats
obesity. The invention increases the ampunt of |ean nuscle in the body and
decreases 10t he anpunt se tissue. ch,. the invention may al so
prevent the olCURN émgeacg‘f'mﬁg‘?{{}'gcfpéﬁ%l§%@e%“mr@ﬁ'%@?@ elfagdive amaynti t h

% bfeS| ty. DIBTAIH!E&' mcatdﬂ‘élcd@h %Ekﬁt.&ﬁﬁﬁﬁ%%r&i&ml ;Nfawﬁohon@w]

ef erence now, et o the emhodi nents of the invention,
one or more exaihy 'SE ’So?qa?/ﬁ?%PP a{b%q hf&’lpf“r'i'"fﬂﬂ%t\ﬂ g axPisssionRiithe; s

provi ded by wdwpefic Eptihaectiitoninef sutpect] théeﬁéthoﬂ,con@tnsmgladmihatdrm@ of the
inventiofn. In rept..to the art that
vari ous nDdlfFég?%on E%E%hggﬁﬁyﬁﬁg éﬁétw%shﬁgﬂg fﬁh ﬂ? Phventi on
Wi t hout depar i agmbination kdthsoepanasherspirit of the invention. For instance,

features i1 ugbgeied AbndifHbIsBoehaRSuRRiAgd 1ofRS (SHRRANIERY 1, 3D be used

200n anot her e iment t0 yield a st urt er e 011] Thus,
it is intendedresant inveation, é%éhﬁf it prowents te ersst 0§ os tredtsrubisity. c'ﬁheons and

vari ati ons as ;mmow.ﬁd?é&éshge%ﬁmt gf1¢ gh%mmg b%:'ﬁg'dﬁﬁ Ul

equi val her *ects eatures and aspects O presen |nvent|on
are dis osed theyagiougt of aRetRIESUeo S FHEDS Hle IBYRipravae Blsolnseverddios i pt i on.

It is to be urweﬂ@ém%mﬁaﬁmuseéségﬂwaiwm@@ éésdd‘hté@%tﬁr&be%ﬁ@t the present

discussion is a descriptio exenp‘ar mbodi ment s _onl is not
i ntended as |im 2 DESCRIBTIQN QF RERE EN B HES

[00010] Reference now will be made in detall to the embodiments of the
invention, one or more examples of which are set forth below. Each

15 example is provided by way of explanation of the invention, not a limitation
of the invention. tn fact, it will be apparent to those skilied in the art that
various modifications and variations can be made in the present invention

without departing from the scope or spirit of the invention. For instance,
features illustrated or described as part of one embodiment, can be used

20 on another embodiment to yield a still further embodiment.
[00011] Thus, it is intended that the present invention covers such
modifications and variations as come within the scope of the appended
claims and thelr equivalents. Other objects, features and aspects of the
present invention are disclosed in or are obvious from the following

25 detailed description. 1t is to be understood by one of ordinary skill in the
art that the present discussion Is a description of exemplary embodiments
only, and is not intended as limiting the broader aspects of the present
invention.
[00012] As used hérein. the term "upregulate” means a positive

30 regulatory effect on the expression of genes.



[ 00012] As used herein, the term"upregul ate" neans a positive 30regul atory
effect on the expression of genes. WO 2007/100561PCT/ US2007/004421 [00013]
The term "downregul ate" nmeans a negative regulatory effect on the

i 00014] As d h inthet " Lon" th
expressi on 3{0%}32%561[ ] use erein e term Wh@@g&g}gﬂmans e

conver si on enetic information encoded in a gene into messen RNA
(nRNA), 5Stransfer RNA (tRNA) or ribosomal RNA (rRNA) through transcription.
[ 00015] The terns "therapeutically effective anount” refer to an anount
that results in an inprovenent or renediation of the disease, disorder, or
synptons of the disease or condition. [00016] The term "infant"
nmeans a postnatal human that is | ess than 10about 1 year of age. [00017]
The term "child" neans a human that is between about 1 year and 12 years of
age. In sone enbodinents, a child Is between the ages of about 1 and 6
years. |In other enbodinents, a child is between the ages of about 7 and 12
years. 15[0001@]0@ usﬁ_'d herein, the term"infant fornula" nmeans a
conposi tion t SR, i skhederprdowntaoriate” rreas » eseabe woviatory effestony bei ng
a substitute fiedxpremiondiidenekn the United States, the contents of an
infant formnul ictated by the federal regulations set forth at 21
C.F.R Secti 0?1130%?8@(1 fg%?seéin'agrfﬁ’?t?’e'fﬁré’%é’ﬁpéﬁﬁg%ﬁ iNoFRNSHBE icRBVSREIONS Ut r i ent |
vi tanin, ni nergeneti2@afotnatidreendonigidanl aqiinel intoahssdghgal R GRikNig, Stinul ate
the nutrition erties uman, l{reast i | k. [ 00019] In
accor dan(t:se Wi f{ﬁarﬁ’% %&gg{eﬁ\rt%fﬁﬁlﬁ%sio q%wmwh ﬁ\/nécr&gt?@over ed a
novel nethod fI900RSkey diits tegns rthbrapstticalyadiiestivey amouat’ sefir &Chn WhRiotit
conpri ses adm i ' ' ffectiyve amunt . of
25docosahexaen€§?§{e§([:’!t§ m%ﬁébg@ﬁ{ehﬁaﬁfaﬁo&qfaw ABRASe. SigHde, 9hj ect .
[ 00020] | n factymptemed thedisestmancomliitidre present invention that the
admnistratio 4 L i i At h_ong anot her,
No0b16NA e BRAinf R %e%lﬁsﬁ ?%g%ﬁ%?éi%@.{nﬁﬁth\gk 5“8?%&‘

i ncreases the expression of interleu Fuscl e and
decreasd® t he #pttdyeEsal age| L- 15 i n subcut aneous adi pose ti ssue,

30i ndi cati ng tjsdb1the @derth kiRt nanefa hRaQ th AR bR RNS30t & @egtonbi nation
and 12 years of age. In some embodiments, a child Is between the ages
of about 1 and 6 years, in other embodiments, a child is between the
ages of about 7 and 12 years.

15 [00018] As used herein, the term “infant formula” means a composition
that satisfies the nutrient requirements of an infant by being a substitute
for human milk. In the United States, the contents of an infant formula are
dictated by the federal regulations set forth at 21 C.F.R. Sections 100,
106, and 10_7. These reguiations define macronutrient, vitamin, mineral,

20 and other ingredient levels in an effort to stimulate the nutritional and other
properties of human breast milk.

[00019] In accordance with the present invention, the inventors have
discovered a novel method for preventing or treating obesity in a subject
which comprises administering a therapeutically effective amount of

25 docosahexaenoic acid (DHA) and arachidonic acid (ARA) to the subject.
[00020] In fact, it has been shown in the present invention that the
administration of DHA or ARA, alone or in combination with one another,
increases the expression of interleukin-15 (IL-15) in skeletal muscle and
decreases the expression of IL-15 in subcutaneous adipose tissue,

30 indicating that the administration of DHA or ARA, alone or in combination



WD 2007/ 100561PCT/ US2007/ 004421 with one another, contribute to altering
the body conposition of an infant or child, to have nore |ean nuscle and
| ess fatty adi pose tissue. [00021] IL-15 is a cytokine which is highly

expressed |%¢kﬁ)l7/%0? nmuscl e ti ssue, and whi ch has a”ab1941{1§3g§07{§,$43%3 on

skel etal mnuscré prote It 5stinulates skeletal nuscle fein

synt hesi s and inhibits protein degradation. Quinn, L.S., et at,

I nterl eukin-15: A Novel Anabolic Cytokine for Skeletal NUscIe, Endocri nol .
136: (8) 3669-3672 (1995). The administration of IL-15 has al so been shown to
inhibit white adi pose tissue deposition, possibly having a direct effect on
such tissue. Alvarez, B., et 10at, Effects of Interleukin-15 (IL-15) on

Adi pose Tissue Mass hi Rodent Obesity Models: Evidence for Direct |L-15
Action on Adi pose Tissue, Biochimca at Biophysica Acta 1570: 33-37 (2002).
[00022] By stinulating muscle growth and inhibiting adi pose tissue grow h,

the nmethod of t resent |nven ion ter, body conposition 15and nmay be
useful in treat"ﬂﬁdp NSty ?'Ef” g t?%ﬁ%""@ therhrdyrampasitipyeatasyinfandt

alterations inof bhikﬁtormephw@eﬁﬂm&cbﬁaﬁcﬁféﬁﬁfﬁit%cﬁpéﬁtis%@i@e types of
one or in conbination wth

obesi t Id. T effects o
one angt her , Wﬁ lﬂ)‘r{ei%s abﬁVtB* ?I!Vhfg‘ 'érrligfli‘égi‘?fﬁs?‘?ﬂ Iy ghelgtalgnbsde hody
conposi tion of tismieamng vehich b bdaisolicatidcpoassitistaprexentdrogimbesi ty | ater

0 20011 ORI AU EPRIL BB n 15y BLA% PRER, IR Lo | nor ease

the expression onec In rec o9 ponectin is
a protein hor nﬂﬁﬁl’&}dﬁb@l’l\ic@dllr&ndi &eeta’t.én!‘edﬁamusﬂardlNO\kBjAaJdbomSeyJokﬁisue t hat

ogul ates e R AbAOoLe | Rl ad o8| BEREE.ad (TBGLRLAR, | NCT eased

25activated protein kinase I SOIme r - act i vat ed
recept or ( PPARRARINstatIoN ofdk115i has@smbemshom td htihityt wittaladigoskatissue and

gl ucose upt akede oéz&tiri do%éiaiﬁha@ﬂigog BRedd éﬁec{{? f?i? &f%gﬁr%?oﬁ %
adi ponecti n i n etal nuscle increases atty acid
oxi dat i 0 _ ecls of Interleukm 16 (IL~15) on AdlpOS& Tissue Mass in Rodent
ObeSity Maodels: Evidence for Direct IL-15 Action on Adipose Tissue,
Biochimica et Biophysica Acta 1570:33-37 (2002).
[00022] By stimulating muscle growth and inhibiting adipose tissue
grqwth, the method of the present invention may alter body composition
15 and may be useful in treating obesity. /d. In fact, it has bgen suggested
that alterations in tL.-15 receptors could be responsible for some types of
obesity. /d. Thus, the effects of DHA or ARA, alone or in combination
with one another, on the expression of IL-15 are useful in aitering the body
composition of infants and children and possibly preventing obesity later in
20 iife.
{00023] The presenf invention has also been shown to increasé the
expression of adiponectin receptor-2 in skeletal muscle. Adiponectin is a
protein hormone produced and secreted exclusively by adipose tissue that
regulates the metabolism of lipids and glucose. it mediates increased
25 - activated protein kinase (AMPK) and peroxisome proliferator-activated
receptor (PPAR)-a ligand activities as well as fatty acid oxidation and
glucose uptake by full length adiponectin. Increased expression of
adiponectin in skeletal muscle increases skeletal muscle tatty acid
oxidation.



WO 2007/ 100561PCT/ US2007/ 004421 [ 00024] Levels of the hornone are inversely
correlated with body mass i ndex and obesity. Thus, it is has been suggested
that an increased expression of adiponectin could prevent or treat obesity.

Hal uzi k, M di ponectin and Its Role in the Ohesjty-|nduced
I nsul i n, Ph%‘?%@%"&e@. 553: 123-129(2004). Because the S’Fé}éjémwil%%nti on has

shown that DHA or ARA, alone or in conbination with one another, increase

t he expression of adiponectin receptor-2 in skeletal nuscle, thereby
increasing the |l evels of adpionectin, the nethod of the present invention
is useful in altering body conposition and preventing or treating obesity.
10[ 00025] The present invention has additionally shown that DHA or ARA,

al one or in conbination with one another, supplenentation decreases
expression of the hepatic leptin receptor. Leptin is a hornone produced by
whi te adi pose tissue that is involved In energy netabolismand body wei ght
regul ation. Leptin. operates as a circulating factor that sends a 15 satiety

signal to the ¥B&thall&ys's ofithe haryons i isusisaly copsiated withitodyasass so been

shown that | epintox bi¢bBasies FHRY, tYs ﬁé@ﬁ@éﬁ%Héﬁ‘esté@ﬁ%‘t’éﬁq?@réﬁé&Freas.ed
d [oss of adipose tissue.

oxygen consunption, . hi ﬂ'her_ body, teg};&gatur es, ] | &
Thus, in indi viRIGPEOR BhRdipgnertin gealrpreneniyiieaat ebgaibe dialuaik, Mhestobese (ob)
gene, whi ch enalqdetipdretih BndilRaREIB S thd @ﬁéé@-@ﬂu@é@iﬂsﬁhﬂ,qfﬂﬁﬁ)l.lﬁ inare
s the b mary L Ser IR0 0GR dcBtEs Ind PEepRY TR R R OMrGnat BOW. R) | vhi ch
sequesters frew ARAL&innandid corhbisati@pivith oaetdndther,iderdRE 198l e RbrekB8n P esent
another .y bRl e Wi da R TstE eV BeRinG Sielavak | n ¢ he
: i ;/ga:_. By dowmfesipianeictia, ﬂT:a_en@hpd eﬁmeqneeént;ih@dtiteptsg O?éiﬁﬁiﬁgilt@ﬁng mor e

efitin renmai ; ributing to a decrease in
adi pose ti Ssug?odfb (fg)d(;sglff’ %rﬁ{l?rﬁggﬁﬁée/rnt?gﬁmﬁ\ ec%eelsg , the adm nistration of
DHA or ARA all8R82%F [Thegrapentdnventioningls asiiioaaldt Slsown that DMaoE ARAN

chil dren has hMbih & [ war.d havi ng greater
amounts of | egﬁsﬁbV\%eg‘OOW 1%%‘5%11%@\'7 ﬁg%éfﬁ% g’%ﬁ%ﬂé%éﬁ%n dRd°385F%esser anmunt
of adi pose ti <S¥pEesHNMPOTIRE haratialeptin seepnitnilrepbivliy aoanonatpestfcatit y aci ds

(LCPUFA) whichp i 88ipysOUSIE B IR ' eal th and
growt h of inf am rggegi_f' Q%I%A and Aﬁﬁ%rﬁgé};eﬁ%&gﬁﬂgﬁga&w%&support t he

. ically,
devel opment ant'dal B'ﬁﬂﬂ'&'eESB% PPRIalRSATa cgdatinmhtacinsthalsepfisianf ant s.
Birch, 5, et satipty’sidtende mezigholaiiamak) iﬁ@reﬁﬁs%lgpﬁissh@%@?é.nh

Pol yunsaturated Fatty Acid Supplenmentation of Fornula in Term Pﬁ?ants after
Weani ng at 6 \Fise %%’?Wd’é’,‘ “}@x]%o‘?i*."q%?fﬁﬂ?emwv%P%'Wt%%ﬂ?mgy asd andi ni n,
M, et al., Foncrabsa! akidenRooesaptiancigher biriydempbituadad fRsligdoni ¢ Aci d
(ARA) Pronote t .Devel o nt .Scores in

Very- Low Bi rt r%@iﬁgﬁ%sgp%%ﬁp%n?%% l,‘allsé'a%;%rmt%@é@@fy Pspgliq defects2002) . DHA
and ARA are t i thalobgse ekl gaae, whichuaricodes &ttinnincledsedilefemts that are
oreast -3ed. | Rirc0BAg Roptiire bRekBd WA 1dS harftReRHRLe. DHA and ARA must be

suppl emented into
[00026]) Data suggests that the liver is the primary source of soluble

circulating leptin receptor (sOb-R), which sequesters free leptin and limité
feptin action. The methad of the present invention has shown that DHA or
ARA, alone or in combination with one another, may downregulate the
25 expression of the leptin receptor in the liver, By downregulating the
expression of the leptin receptor, more leptin remains in circulation,
thereby contributing to a decrease in adipose tissue.
[00027} In the present invention, the administration of DHA or ARA,
alone or in combination with one another, to infants and children has been
30 shown to alter body composition toward having greater amounts of lean
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15[ 00028] Wiile it has been shown that DHA and ARA are'beneficial to the
devel opnent of brain, eyes and nerves in infants, DHA and ARA have not
previ ously been shown to have any effect on preventing or treating obesity.

The positi VEW(?EJG%%[O%]O]C DHA and ARA on the prevention al%g_n}r t of
k esrz‘r@g/hﬁ

obesity were surprising and unexpected. 20[ 00029] In so nts of
the present invention, the subject is in need of the prevention or
treatment of obesity. The subject nmay be at risk due to genetic

predi sposition, diet, lifestyle, diseases, disorders, and the like. In
certain enbodi nents, the subject is an infant or child. In these

enbodi nents, the infant or child may be in need of the prevention or
25treat nent of obesity. [00030] In the present invention, the form of

adm nistration of DHA and ARA is not critical, as long as a therapeutically
effective anmount is admnistered to the subject. In sone enbodi nents, the

DHA and ARA are_adm ni stered to a subject via tablets, pills,
encapsul at i ons MUSEIs k2 lessgramapat of adirasedissugi IDHA apd ARA amdohgt s. | n

anot her enbodi ﬁﬁéﬁh,powwzsﬂdﬁatemméég_@ﬁlpés%ﬁéqgg%%Qéﬁgl#l@B e\RA are

added to a food, or gri nlg,groduct and consuned. TI or dri1nk product
may be a chi | dPRAVE IngeRYiPHiSAQthe hegjthand growth of infants) Shesificaliv s,

gr owi ng UpI mi | kend mhméhkem.mﬁ_n?fsddﬁfbrﬂhéﬁj@élo i Sg%na{r\qdi%ﬁaﬁéé

crbodi e s, |t AD!BUBPEL EVrEand RpPa AL nfpier MGk Brbal rbREBIOETRECNA or
ARA, al one or Coengolidsi fidslioshongiChaimSolontierated FaiP@cruppl enented into an
infant formul a i .t h be fed to the infant., [00032] In an

embodi nent, t heswphl%gnrﬁ boinrﬁ?lr%’"?%{a 'Us7t rn{nfapss ﬁ&%’s‘@(ﬁ%”’féi%\ﬁelf)@%ﬁof s
nutritional ly dgmphetd. Glinl Nigni74:5i20-880 (200123 Cygresiniand., aralnEsrmaliad i pi d,
Cypi oal Ly can yar\ScBsalioldRbinaa ol Bhd SaqdSul B ardh prslite of -
prot ei n Wy pi caBefferGrowtamapdtPeraiauent SaoveaboVierys.ay-Both-Weaght /itastsamount  of
car bohydrate t yp I . 1 (100 kcal .
Protein sourc eg\pﬂé%ﬁb'b%ecgﬁﬂ N_g%@ ﬁﬁ ?ﬁ?é%%gﬂ%og%} goﬁp\%gﬁjf é‘téﬁr?ﬁrg @?qu‘f/ﬁlul(gy
protein: casei APEESH hrayucs; easyaioinyafantsinet aterbreasti-ied. dcirdantsdinat t he

l'i ke. Carbohydags RrmakiRasSheRevReDARYaERRA Hudthe &ldotlerfeted ilBGhESE:
gl ucose, corn ayrup solids, maltodextrins, sucrose, starch, rice Syrup

solids, and th &i ke. Li pi d sources can be any used in the art, e.g.,
15 [00028] While it has been shown that DHA and ARA are benefigial to

the development of brain, eyes and nerves in infants, DHA and ARA have
not previously been shown to have any effect on preventing or treating
obesity. The positive effects of DHA and ARA on the prevention and
treatment of obesity were surprising and unexpected.

20 {00029] In some embodiments of the present invention, the subject is in
need of the prevention or treatment of obesity. The subject may be at risk
due to genetic predisposition, diet, lifestyle, diseases, disorders, and the
like. In certain embodiments, the subject is an infart or child. In these
embodiments, the infant or child may be in need of the prevention or

25 treatment of obesity.

[00030] In the present invention, the form of administration of DHA and
ARA is not critical, as long as a therapeutically effective amount is
administered o the subject. In some embodiments, the DHA and ARA
are administered to a subject via tablets, pills, encapsulations, caplets,

30 gelcaps, capsules, oil drops, or sachets. In another embodiment, the DHA
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20vegetable oils such as palmoil, canola oil, corn oil, soybean oil,
pal mol ei n, coconut oil, mediumchain triglyceride oil, high oleic sunflower
oil, high oleic safflower oil, and the |ike. [00033] Conveniently,

conmerci al | y, i e infant fornmula can be used. For fal ac,
En?@é?ﬁ?)d@% W&%(M

Enfam | e, remature Formul a, 25Enfamle with ir actorree0,

Nut r am genO, Pregestimle, and ProSobeeCO (avail able from Mead Johnson &
Conmpany, Evansville, IN, U S A) may be supplenmented with suitable |evels
of DHA or ARA, alone or in conbination with one another, and used in
practice of the nethod of the invention. Additionally, Enfam |0 LIPILG

whi ch contains effective WD 2007/100561PC1711S2007/004421 | evels of DHA
and ARA, is conmercially available and may be utilized in the present

i nvention. [00034] The nethod of the invention requires the admnistration
of DHA or ARA, alone or in conmbination with one another. In this

enbodi nent, 5the ight ratio of ARA-DHA is typically fromabout 1:3 to
about 9:1. In 5’H8\9§'%6‘Eﬁ ﬂ‘g(gﬁd 1812 fogd g5 dwak proqust ane cefsumed.sThafees i s from

about 1:2 to abedtindpioduthmug beanchildasn'€Aliidon@ Brod i 8uERbs @ fhfobgm about
2:3 to about 2;f - uIln one, particul ar et odi nent ﬁhe ratio is about 2:1. In
anot her particl %r%%‘m“ﬁémm f: 9 AL RRNEFIAN the pEodugt mavibe about 1: 1. 5.

| n ot her 10enbodamismgritidriet praatuict sush abautinthnifodmule) still ot her

enbodi nent s, t i 0] 0 1. 9. Ln a nart.icul odi ment, the
ratio i srgabout Ifqod?qi nnéear% u%%ﬁé?’"é%ﬁ%&?%ﬂ I?Ctt'ﬁémr"g*%ﬁ"gn?"stgﬁ%ut 1.47: 1.
[ 00035] | n cer eaibhodinessi iveiitA of ARAe alameantin cambirztioh avit oref akdthed,

bet ween about Q.0% i ds, el . Thus, in certain
15enbodi nment s, .?he %%gppaer%gﬁe@%f/g?‘&Eerg?ﬁgwﬁ%ﬁ%héxﬁﬁgrﬁq? be ﬁé%? The

| evel of DHA n#f@Me about 0.32% by weight. In sone enbodi nents, the |evel

of DHA nay be gjusizy 0. B39 | . | the |l evel of
DHA may bhe about 0.? 4.0/(')% %ﬁ%f)gﬁw F’r}hgwgﬁﬁg&n‘g%gg?%nﬁ%iﬁ’éeﬁeg\t/el of DHA
may be dfout OFYPOEYisEitEianally gomplpée ans senteinsevitobiertypes ande | evel of

Di-1A may be abgiduntd &G aMhgBate, protein, vitamins and minerals. The
' amount of lipid or fat typically can vary from about 3 to about 7 g/100 kcal.
The amount of protein typicaily can vary from about 1 to about 5 ag/100
kcal. The amount of carbohydrate typically can vary from about 8 to about
18 12 g/100 keal. Protein sources can be any used in the art, e.g., nonfat
milk, whey protein, casein, soy protein, hydrolyzed protein, amino acids,
and the like. Carbohydrate sources can be any used in the ar, e.g.,
lactose, glucose, com syrup solids, malfodextrins, sucrose, starch, ribe
syrup solids, and the like. Lipid sources can be any used in the art, e.g.,
20 vegetable oils such as palm oil, canola oil, com oil, soybean oil, palimolein,
coconut oil, madium chain triglyceride oil, high oleic sunflower oil, high
oleic safflower oil, and the like.
[00033] Conveniently, commercially available infant formula can be
used. For example, Enfalac, Enfamil®, Enfamii® Premature Formula,
25 Enfamil® with iron, Lactofree®, Nutramigen®, Pregestimil®, and
ProSobee® (a\_/ailable from Mead Johnson & Company, Evansville, IN,
U.S.A.) may be supplemented with suitable levels of DHA or ARA, alone
or in combination with one another, and used in practice of the method of
the invention. Additionally, Enfamil® LIPIL®, which contains effective



In a further enbodi nent, the |evel of DHA may be about 1.00% by wei ght.
[ 00037] In enbodinents of the invention, the |evel of ARA is between 0.0%
and 0. 67% of fatty acids, by weight. Thus, in certain enbodi nents of the

i nvention, I may treat or reduce obesity. In ang odi nent
oP el 5o G EHR

the | evel y ‘be about 0.67% by wei ght. In another nt, the

| evel of ARA may be about 0.5% by weight. In yet another enbodlnent, t he

| evel of DI-1A nmay be between about 0.47% and 0. 48% by wei ght.

[ 00038] The effective amount of DHA in an enbodi nent of the present
30invention is typically fromabout 3 ng per kg of body weight per day to
WO 2007/ 100561PCT/ US2007/ 004421 about 150 ng per kg of body wei ght per day.
I n one enbodi nent of the invention, the anmount is from abouf6 ng per kg of
body wei ght per day to about 100 ng per kg of body weight per day. In

anot her enbodi nent the anmount is from about 15 ny per kg of body wei ght per

day to about 6 5per . kg 0 ody wei pe . [00039] The effective
anount of ARA ?%V%%n‘)@ﬁ]ﬁémdﬁ CeRwn F’@E%ﬁl’a'lql?i%sﬁ‘ﬁq Bravike ytifigedin |y from
about 5 ng per thegpesehbidyentinght per day to about 150 ng to. er kg of body
wei ght per day ne nbo i ment. . of this Invention, the anpunt varies from
about 10 ny pep@(}‘% %ifé‘%%ﬂf{‘hBé'?V%aayeqtareéBB%@dmsﬁﬁﬁw@eqf RdAof body
wei ght per dayorAﬁlﬁamirimemr mm:bmﬂirfmubhwmhmeaéﬁNNér \Aﬁfth@%rﬁﬂda%éﬁlou'f 15 ngy
ol ed ok r ey LG B STARASLAR NeSl TR At e BOAST o b o
body wei ght pepna@nwirabmftwprﬁﬁepbinvkmmf thie eytione ifihi apeut ﬁayo 15[ 00040]
The amount of 40 L t.h nti on

Cypi a1y vari G20y 5t M aSters e &AbAREab I [4hol FrBLAR - Bidouto0

nmy/ 100 kcal . Iﬁ arlatqmrpaémd@rammdmenemnaums aboubiA. viar areghér om about 5

h
g?/ %)Eg\ SC?: ego ahﬁ]uigrgﬁum%&%%e g?tYo%t t%%ﬂ&% aggFPP %Egt I?E'iﬁre a["(;ggzl]

The amod®t of &ERofimenisdhe rﬂﬂ 'ﬁlﬁb&é't 13r3. %‘eSﬂHrQﬂWreerpb@smﬁms. theerztibon
typically varl i%Sati‘dwm1a®Olﬁ aﬁaﬂ&bib@@n%ﬁo'dﬁﬁélltoﬂie‘%%n& lfRié‘th)utt‘IOS 4bqyt, 100

ng/ 100 kcal . not h denbodl nment he ampunt of varies Trom about 10
ng/ 100 kcal to &0E faentotheatip is qt??‘&'/étﬂa?}ot her 25enbodi ment, the

anount of ARA 00885 fih@ertaboerhbl@mEslOQns GdlentiOn, the level of DHA is
between about 0.0% and 1.00% of fatty acids, by weight. Thus, in certain
15 embodiments, the ARA alone may treat or reduce obesity.
[00036] The level of DHA may be about 0.32% by weight. In some
embodiments, the level of DHA may.be about 0.33% by weight. In
another embodiment, the level of DHA may be about 0.64% by weight. In
another embodiment, the level of DHA may be about 0.67% by weight. In
20 yet another embodiment, the level of DHA may be about 0.96% by weight.
In a further embodiment, the ievel of DHA may be about 1.00% by weight.
[00637] In embodiments of the invention, the level of ARA is between
0.0% and 0.67% of fatty acids, by weight. Thus, in certain embodiments
-of the invention, DHA alone may treat or reduce obesity. In a.nother
25 embodiment, the level of ARA may be ébout 0.67% by weight. {n another
embodiment, the level of ARA may be about 0.5% by weight, 1n yet
another embodiment, the level of DHA may be between about 0.47% and
0.48% by weight.
[00038] The effective amount of DHA in an embodiment of the present
30 invention is typically from about 3 mg per kg of body weight per day to
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about 50 ng/ 100 kcal. In a particul ar enbodi nent, the amount of ARA varies
fromabout 25 Mg/ 100 kcal to about 40 ng/ 100 kcal. In one enbodi nent, the
anount of ARA is about 30 ng/ 100 kcal . [ 00042] The infant fornula
suppl ement e i Ll.s containing DHA and 30ARA for use_in th resent
i nvention &Wﬁ@p’ﬁr@ﬁé usi ng standard techniques knomeﬁﬁp?%%ﬂg‘gﬁ"?l For

exanpl e, an equi val ent anount of an oil which is normally present in infant

formul a, such as high oleic sunflower oil, nay be replaced with DHA and
ARA. [00043] The source of the ARA and DNA can be any source known in 5the
art such as marine oil, fish oil, single cell oil, egg yolk lipid, brain

lipid, and the |ike. The DHA and ARA can be in natural form provided that
t he remai nder of the LCPUFA source does not result in any substantial

del eterious effect on the infant. Alternatively, the DHA and ARA can be
used in refined form 10[00044] The LCPUFA source may or may not contain

ei cosapent aenoi % a{:}%hEPA%. In(g same enbodi nents, the LCPUFA used in the
i nvention cont &PRY e karRs be )&.”"’ellﬂf}t p@;‘%ﬁﬁ%l i one epbediment@fthrli ment s
that the infaninveotion)tae amﬁt@ﬁmm%ﬂﬂﬁ%@péﬁ@oﬁm\@&gﬁp&(b 100 kcal
EPA; in sone enhady {@1{{% Ieeﬁ% trf)a aboyt 10 %%/ 00 kcal EPA; 1 n other
15enbodi ment s 88 thanodi5d e & Hﬂ)’ﬂ?ﬁﬂ P&f dgpaln appihererabodimest the
enbodi ment s sulascant isdfrdm abouEPRmMY OEG4Gf b‘&wrwgggmcﬁerlawt@ago&g%%y be
single cefl oil i Pat. Nos. 5,374,657, 5,550,156, "and

" 88 ph 2 heloht par

5,397,591, the i @-are incor porated herein by reference in
their entiretyl00UH9000768 effactive ambuatiahéiRA oY art BmbpURSEOF kY Sielsbhion, DNA
or ARA, al one @Hvehflo 0L | re suppl emented into the
diet of an Infapt from P'??W ﬁﬁ?ﬁbh{aﬁgqﬁ?%?gﬁ%&rg‘re%% e\getgﬁtgyg%r c@goyear of

age. In a part PERYRIS0MERET kemf bodyiweight aat damyirbeneaepbetietant iohfragt . | n
anot her enbodi IR@hti6H, thd nidtine Dhricd Froh'dhd | i@l nati on

wi th 250ne another, are suppl emarllt edol nt SQE %@% %?'J ‘g#]&a%%ﬂv%g R¥ombirth
until the subj d8Y 19 abeyidL01ng per koef hady weight pgeday. ninairedherenbodi ment s.  DHA

or ARA, al one embbrim@ttpineadrhethtWatiBs RBM RS into the
diet of a subj ﬁé’t%f 0{ the lifetine Io? t he subhech%%EﬁggP?%%n%r@h%gul ar

embodi ments, t DOIPOURL) B2 Per el bodyvawelsateenday- dn vatianether

embodiment, the amount varies from about 20 mg per kg of body weight
per day to about 60 mg per kg of body weight per day.

15 [00040] The amount of DHA in infant formulas for use in the present
invention typically varies from about 2 mg/100 kilocalories (keal) to about
100 mg/100 keal. In another embodiment, the amount of DHA varies from
about 5 mg/100 kcal to about 75 mg/1 00 keal. In yet another
embodiment, the amount of DHA varies from about 15 mg/100 kcal to

20 about 60 mg/100 kcal,
[00041] The amount of ARA in infant formulas for use in the present
invention typically varies from about 4 mg/100 kilocalories (kcal) to about
100 mg/100 keal. In another embodiment, the amount of ARA varies from
about 10 mg/100 kcal to about 87 mg/100 keal. In yet another

25 embodiment, the amount of ARA varies from about 20 mg/100 keal to
about 50 mg/100 keal. In a particular embodiment, the amount of ARA
varies from about 25 mg/100 kcal to about 40 mg/100 kcal. Inone
embodiment, the amount of ARA is about 30 mg/100 keal. .
[00042] The infant formula supplemented with oils containing DHA and

30 ARA for use in the present invention may be made using standard

10



WO 2007/ 100561PCT/ US2007/ 004421 [00047] I n an enbodi nent, the subject of
the invention Is a child between the ages of one and six years old. In

anot her enbodi nent the subject of the invention is a child betmeen t he ages
of seven an |V ears old. In particular enbodi nents

adninistratﬁ%émﬁ”” to 5children between the ages of H%%m3WHm9ﬁéﬂve years
of age is effective in treating or preventing obesity. In other

enbodi ments, the adm nistration of DHA and ARA to children between the ages
of one and twelve years of age is effective in treating or preventing
obesity. [00048] In certain enbodi nents of the invention, DHA or ARA, alone
or 10in conbination with one another, are effective In treating or
preventing obesity in an animal subject. The ani mal subject nay be one that
is in need of such prevention or treatnment. The animal subject is typically
a mammal , which may be donestic, farm zoo, sports, or pet animals, such as
dogs, horses cats, cattle, and the Ilike. 15[00049] The present invention

i s al so di rectteghniguesienqrazinghepra Rar oxample 2orRawYalen areeuit @A8PEH with one

anot her, for tmclﬁ)f&ﬁ}ﬁh?élly%éﬁnt% mﬂf@fﬁﬁnﬁ diRh ds'Rgh BRIY suiifioeevent i on of

obesi ty. In this ‘embodi nent, RA, alone or in conbination with
one anot her, i W%&?Q%dﬁ?’%@ﬁ@%{’%ﬁﬁcamnt for treatnent or

prevention of (;Ebemt Y Tiné e ONMERIRA Gnd MHR kan @@ niyasoukde v in

[00050] e 1 PG i ARLBIRS Sletets 8 S BB SRIRIE: L7ap ke pr oot

[ 00050] The f
invention. O heid @ehizel Mt BHMANG ARA andedpeaairat oeme p@ividedithatetha wi | | be

apparent to one rt fro onsj derati o -
SBbpect 1 cat | denindsyE i LEBPRA foud BT B SELEM R Sl 1 i
intended that dédletesipes effectair the, infaolehtenativeiy tha Ok anplPé¥) cdrebeonsi der ed
to be exenpl ar e%r} ¥efn¥&£\ﬁ: rtnhe scope and spirit of the invention being

[

i ndi cated by t arns ch follow the exanples. In the exanples, all
per cent 4§es ar[@ogfwbn e LCREF§raoucesinay i Ingysnadtagatain sisopPRANiAERAIC D

2007/ 10056 1PCTALISEORAS. Ofkistirte EXM&RInferks, the LCPUFA used in the invention

contains littie or no EPA. For example, in certain embodiments that the
infant formulas used herein contain less than about 20 mg/100 kcal EPA;
in some embodiments less than about 10 mg/100 kcal EPA,; in other

15 embodiments less than about 5 mg/100 kcal EPA; and in still other
embodiments substantially no EPA,
[00045] Sources of DHA and ARA may be single cell oiis as taught in
U.S. Pat. Nos. 5,374,657, 5,550,156, and 5,397,591, the disclosures of
which are incorporated herein by reference in their entirety.

20 [00046] In an embodiment of the present inverition, DHA or ARA, alone
or in combination with one another, are supplemented into the diet of an
Infant from birth until the infant reaches about one year of age. Ina
particular embodiment, the infant may be a preterm infant. In another
embodiment of the invention, DHA or ARA, alone or in combination with

25 one ancther, are supplemented into the diet of a subject from birth until
the subject reaches about two years of age. in other embodiments, DHA
or ARA, alone or in combination with one another, are supplemented into
the diet of a subject for the lifetime of the subject. Thus, in particular
embodiments, the subject may be a child, adolescent, or adult.
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[00051] This exanple describes the results of DNA and ARA suppl ementation
I n inproving body conposition. [00052] Methods 5[ 00053] Animals Al aninal
wor k took place at the Sout hwest Foundation for Bionedi cal Research (SFBR)

| ocated in n TX. Aninmal protocols were appr o\ he SFBR and
Cornel | Uni \igﬁél tw;l/&' Aﬂst itutional Aninmal Care and Use wﬁ%s%’é}“‘(‘r‘ﬂcuc:).

Ani mal characteristics are sunmari zed in 10Table t Table 1. Baboon Neonate
Characteristics Nunber of aninmals 14 Gender 10 fenale, 4 mal e Concepti onal
age at delivery (days) 181.8 6.2 Birth weight (g) 860.3 150.8 Wi ght at

12 weeks (g) 1519.1 280.7 Weight gain (g) 658.8 190.4

[00047] In an embodiment, the subject of the invention is a child
between the ages of one and six years old. In another embodiment the
subject of the invention 'is a child between the ages of seven and twelve
years old. In paiticular embodiments, the administration of DHA to

5 children between the ages of one and twelve years of age is effective in
treating or preventing obesity. In other embodiments, the administration of
DHA and ARA to children between the ages of one and twelve years of
age is effective in treating or preventing obesity.
[00048] In certain embodiments of the invention, DHA or ARA, alone or

- 10 in combination with one another, are effective in treating or preventing

obesity in an anifnal subject. The animal subject may be one that is in
need of such prevention or treatment. The animal subject is typically a
mammal, which may be domestic, farm, zoo, sports, or pet animals, such
as dogs, horses, cats, cattle, and the like.

15 [00049] The present invention is also directed to the use of DHA or
ARA, alone orin combination with one another, for the preparation of a
medicament for treatment or prevention of obesity. In this embodiment,
the DHA or ARA, alone orin combination'with one another, may be used
to prepare a medicament for treatment or prevention of obesity in any

20 human or animal neonate. in some embodiments, the animal is in need of
treatment or prevention of obesity.

[00050] The foilowing exampies describe various embodiments of the
presént invention. Other embaodiments within the scope of the claims
herein wiill be apparent to one skilled in the art from consideration of the

25 specification or practice of the invention as disclosed herein. It is intended
that the specification, together with the examples, be considered to be
exemplary only, with the scope and spirit of the invention being indicated
by the claims which foliow the examples. In the examples, all percentages
are given on a weight basis unless otherwigse indicated.
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[ 00054] Fourteen pregnant baboons delivered spontaneously around 182 days

gestation. Neonates were transferred to the nursery within 24 15hours of
birth and random zed to one of three diet groups. Aninals were hou

encl osed i”ﬁg@?&g@‘?ﬂ%‘i”“' 2 weeks of age and then rmve%a%@ﬁzgo%@g

stainless s

gés in a controlled access nursery.

were mai ntained at tenperatures between 76F to 82F, with a 12 hour

light/dark cycle. They were fed on experinmental formulas 20until 12 weeks
.Diets [00056] Animals were assigned to one of the three
formul as, with LCPUFA concentrations presented in Tab

of life. [00055]

experi nment al

2007/ 100561PCT/ US2007/ 004421 Table 2. Formul a LCPUFA conposition
DHA (% ww 0 0.420.02 1.130.04

10

18

20

Example 1
[00051] This example describes the results of DHA and ARA

supplementation in improving body composition.

[00052] Methods

[00053} Animals

All animal work took place at the Southwest Foundation for Biomedical
Research {SFBR) located in San Antonio, TX. Animal protocols were
approved by the SFBR and Cornell University institutional Animal Gare
and Use Committee (IACUC). Animal characteristics are summarized in
Table 1.

Table 1. Baboon Neonate Characteristics

sed in
ual
ur es

le 2.
CL L3

Number of animals ' 14

Gender 10 female, 4 male
Conceptional age at delivery (days) 181.81£6.2

Birth weight () 860.3 + 150.8
Weight at 12 weeks (g) 1519.1 + 280.7
Weight gain (g) 658.8 + 180.4

{000584] Fourteen pregnant baboons delivered spontaneously arcund
182 days gestation. Neonates were transferred to the nursery within 24
hours of birth and randomized to one of three diet groups. Animals were
housed in enclosed incubators until 2 weeks of age and then moved to
individual stainless steel cages in a controlled access nursery. Room
temperatures were maintained at temperatures between 76°F to 827,
with a 12 hour light/dark cycle. They were fed on experimental formulas
until 12 weeks of life.

[00055] Dietls

[00056] Animals were assigned to one of the three experimental
formulas, with LCPUFA concentrations presented in Table 2.

13
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DHA (nmg/ 100 kcal) 0 21.31.0 62.81.9 ARA (% ww 0 0.770.02 0.710.01 ARA
(mg/ 100 kcal) 0 39.40.9 39.20.7 [00057] Target concentrations were set as
shown in brackets and diets were fornulated with excess to account for
anal ytical ap facturing Svariability and/ or possih] during

st or age. Coﬁl\vg&%{}@f%and L, noderate DHA formula, are Bﬁe/@%mﬁ“éﬁal ly
avai |l abl e human infant fornulas Enfam |10 and Enfam | LIPILO respectively.

Forrmul a L3 had an equi val ent concentration of ARA and was targeted at
three-fold the concentration of DHA.

Table 2. Formula LCPUFA composition

C L ' L3
DHA (%, wiw) 0 0.4240.02 1.13+0.04
DHA 0 21.3+1.0 62.8+1.9
(mg/100 kcal)
ARA (%, wiw) 0 0.77+0.02 0.71+40.01
ARA 0 39.4+0.9 39.2+£0.7
| (mg/100 keal)

[00057] Target concentrations were set as shown in brackets and diets
were formulated with excess to account for analytical and manufacturing

5 variability and/or possible losses during storage. Control (C) and i.,
moderate DHA formuia, are the commercially available human infant
formulas Enfamil® and Enfamil LIPIL®, respectively. Formula L3 had an
equivalent concentration of ARA and was targeted at three-fold the
concentration of DHA. ,

10 [00058] Formulas were provided by Mead Johnson & Company
{Evansville, IN) in ready-to-feed form. Each diet was sealed in cans
assigned two different color-codes to mask investigators. Anfmais were
offered 1 ounce of formula four times daily at 07:00, 10:00, 13:00 and
16:00 with an additional feed during the first 2 nights. On day 3 and

15 beyond, neonates were offered 4 ounces total; when they consumed the
entire amount, the amount offered was increased in daily 2 ounce
increments. Neonates were hand fed for the first 7-10 days until
independent feeding was established.

[00059] Growth
20 [00060] Neonatal growth was assessed using body weight

measurements, recorded two or three times weekly. Head circumference
and crown-rump length data were obtained weekly for each animal.
Organ weights were recorded at necropsy at 12 weeks,
[00061] Sampling -«

25 {00062} Animals w,efe anesthetized, and euthanized by exsanguination
at 84.57+1.09 days. Blood was collected in EDTA-containing Vacutainer
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10[ 00058] Fornul as were provided by Mead Johnson & Conpany (Evansville,
IN) in ready-to-feed form Each diet was sealed in cans assigned two
different color-codes to nask investigators. Animals were offered 1 ounce
of formula four ti daily at 07:00, 10:00, 13:00 and 16:00 wth an

addi ti onal fgﬁ&mﬂﬂﬁgﬁg the first 2 nights. On day 3 and" %%?BW fzheonates
were offered 4 ounces total; when they consuned the entire anount, the
anount offered was increased in daily 2 ounce increnents. Neonates were
hand fed for the first 7-10 days until independent feeding was established.
[ 00059] Growth 20[ 00060] Neonatal growth was assessed using body wei ght
measurenments, recorded two or three tinmes weekly. Head circunference and
crown-runp |l ength data were obtained weekly for each animal. Organ wei ghts
were recorded at necropsy at 12 weeks. [00061] Sanpling , 25[00062] Animals
wer e anestheti zed, and eut hani zed by exsangui nation at 84.571. 09 days.

Bl ood was col |l ected in EDTA-cont ai ni ng Vacut ai ner tubes, and red bl ood

cells (RBC) anduhfisagndrekbleod spls (REG #iH elBama weIgaeParptetP¥s and one brain

heni sphere wer geh@ifiy4BEn A EYes AAB GnattRhin HENHSHTErE dver&pethbddd BRY VOUS system
(CNS) structures were dissected by an experienced neurol ogi st, weighted,
flash frozen i H“me&'iﬁt?lyg'sﬁla?t?gg&%“@ﬂﬁe‘y W3 syptem (¢ reiires Wele wer e

anal yzed in t heligseetibyedryexpaeiehted aastoyst gveighalastsfroter ffiquicent ricl e
PR TR IR R T Y I AT e
tissue, and |i WRetinaaind dreqjratneshnigles BNAftieatrivhe any ridlidivpr Bbeivesreanal ysi s.
homogenat e vt BTl IERER MBI vet hod. Fatty aci d methyl esters
(FAVE) were pré@oe3d uSisageswdreumliepxidrand ¢haaskldtadmibeciensatrauianesxisde ( BF3)
In methanol, andy visceral adipose tissue, and liver, and isolated for DNA microarray
10 expression analysis.
[00064] Analyses
[00065] Tota! lipids were extracted from tissue homogenates using the
Bligh and Dyer method. Fatty acid methyl esters (FAME) were prepared
using sodium hydroxide and 14% boron-trifluoride (BF3) in methanol, and
16 were analyzed by gas chromatography (HP 5890; BPX-70 column, SGE, -
Austin, TX), using H; carrier gas as described previously. Fatty acid (FA)
identities were determined by covalent adduct chemical ionization tandem
mass spectrométry and then quantified using methyl heptadecanoate as
an internal standard and response factors derived from an equal weight
20 FAME mixture. FA concentrations are expressed as percent weight of
total fatty acids from 14 to 24 carbons.
[00066] Statistics
[00067] Data are expressed as mean£SD. Statistical analysis was
conducted using analysis of variance (ANOVA) to test the hypothesis of
25 equivalent means for measures taken at 12 weeks, and Tukey's correction
was used to control for multiple comparisons. Formula consumption, body
weight, head circumference, and crown-rump length changes over time
were tested with a random coefficient regression model to compare
LCPUFA groups (L, L3) to control (C). Analysis were performed using

15



1.5 were anal yzed by gas chromatography (HP 5890; BPX-70 col um, SGCE,
Austi n, TX), using H2 carrier gas as described previously. Fatty acid (FA
identities' were determ ned by coval ent adduct chem cal ionization tandem

mass spectr t hen quantified using nethyl hept n as an

i nt er nal %ﬁé%’l@ﬁ response factors derived from an @Z‘Eﬁ%"ﬁ@i&“gﬁt 20FAME
m xt ure, FA concentrations are expressed as percent weight of total fatty
acids from14 to 24 carbons. [00066] Statistics [00067] Data are expressed
as nmeant SD. Statistical analysis was conducted using analysis of variance
(ANOVA) to test the hypothesis of 25equival ent means for neasures taken at
12 weeks, and Tukey's correction was used to control for nultiple

conpari sons. Fornula consunption, body wei ght, head circunference, and
crown-runp | ength changes over tinme were tested with a random coeffi cient
regression nodel to conpare LCPUFA groups (L, L3) to control (C). Analysis

wer e perforneds j / 4 AS f or ows 9.1
(SAS Institute NQM}%"Mg“%%)Yrﬁé’giggﬁ%ﬁ%aﬁgép f}bﬂg'é' Icas dcla fﬁgooes]
Resul ts [0006% h 5[ 00070] There were no SI gnificant differences in

formul a consunpbosy] PeewaR8 LCPUFA groups and the C group over tine
(p=0.64). Sim]larly, no significant changes over tinme were found for body
wei ght (BW p:[BDQﬁ”%S i rcunference (p=0.68), crown-runp Iength (CRL,

p=0. 38) ,5 or t hepuAd)i OTﬁWe%re(legﬁﬁ):ar(tQﬁﬁd&eHQ s i rfﬁﬁrﬁ ée%{;lﬁ My %ﬁe\t/vre;e no

10significant differences in
measures. ThePEMRFELHBUEARIPHPE aRd the @f%@m@wtm(m M}erﬁimilaﬂyt he 12

week organ V\elr@fﬁ@mﬂ@mbﬁéﬁ@% é\&ar%w@h&%%uﬁé Wg"‘%'gﬁtﬁﬁh for brain,
& pancr eas.

liver, thymnus, ead ungs, the right

[00071] Liver a??éiﬁwee'éﬁ 36@ =0-8Bb eigwi- Hﬁmwaﬁg(%k MAGSEHA

signi ficant| yoelﬂaa/mtie(Bmet (M@ﬂﬂé%cﬁt@ﬁééﬁlﬁedﬁ hehdre dfe k3 Oroups had
i, Shary RTERFAbRnER e PeR R RETBSg aobamatny opped 14. 3%
fromthe L to m@sglrétﬂ,lpTheThevaremeaiumﬁadadefeeéndebeanﬁ% RERROAItheA 2pr oduct,
adreni c acid %@%}%amg@pg@%k%s&é& C1% lr}/er ?Eody weig%t%BW)?%e (0.99

0.13% relative
brain, liver, thymus, spleen, heart, lungs, the right Kidney, or the pancreas.

[00071] Liver and Heart Fatty Acids
15 [00072] Increasing formula DHA significantly elevated liver DHA
concentrations; the L. and L3 groups had 2.2 and 3.6-fold more DHA than
the C group, respectively. In contrast to DHA, dietary ARA increased liver
levels in the L group; ARA dropped 14.3% from the L to L3 group. The
concentrations of the ARA elongation product, adrenic acid (AdrA), were
20 significantly higher in the C group (0.99 + 0.1 3%) relative to L. and LL3. A
similar, but non-significant trend was observed for docosapentaenoic acid
(DPA) n-6; levels were highest in G animals, followed by the L and L3
groups. DPAnR-3 concentrations dropped 2-fold for LCPUFA animals
compared to controls. DPAR-6/DHA was significantly elevated for the C
25 and L groups, compared to L3, by 4.6 and 14 fold. Increases in LCPUFA
were compensated by decreases in total monounsaturated fatty acids
(MUFA) and linoleic acid {LA, 18:2n-6), but not total saturated fatty acids
(SFA).
[00073] As with the liver, heait DHA increased in the L and 1.3 groups
30 2.8 and 3.9 fold, respectively, while DPARN-3 dropped significantly. The

T
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simlar, but non-significant trend was observed for docosapentaenoic acid
(DPA) n-6; levels were highest in C animals, followed by the L and L3
groups. DPAn-3 concentrations dropped 2-fold for LCPUFA animals conpared to
controls. DRAn- was significantly elevated for the C gr oups,
conpared to ‘ﬁg,ﬁ&ﬁ%% and 14 fold. Increases in LCPUFA (\’S\iégsé@dg@%@nsat ed by
decreases in total nonounsaturated fatty acids (MJFA) and linoleic acid
(LA, 18:2n-6), but not total saturated fatty acids (SFA). [ 00073]
As with the liver, heart DHA increased in the L and L3 groups, 302.8 and
3.9 fold, respectively, while DPAn-3 dropped significantly. The increases
in DHA appear to be at the expense of SFA, though the decrease in SFA from
Cto L to L3 did not reach statistical significance. Linoleic acid
decreased fromC to L but L and L3 were not different. [00074] RBC and
plasma fatty acids 5[00075] Supplenmentation significantly el evated RBC DHA
for L and 13 groups b - and 4.6-fpld, conpar o,controls. Asimlar
trend was obserfg‘s?%yfbﬁQ%ﬂipeﬁm g‘ﬁ@fé’g B egfgfhawuﬁ%ggefol d for the
LCPUFA suppl emdetreskegind®Ms frotn Gnal LI L3 het ARahstatistibalcdgniifioancecr eased
fromCto L for ' chi Q tQ t 3, group. A
10consi st ent glni{]gigg n@@?gﬁ{:@%%%% {rgﬁ é r%‘g El%suft Eﬁ'r%s% hfwk o R%Félﬁ%'{égg ma

concentrati onsi00avéh RBOdedatasma (teragids rom C (5. 361.00) to L (10.060.99)

and an igter malgig | g | 90, i L 0er  C ent but
did res pgnd to gz@s % é%rﬂeﬂﬁé&&gﬁ'éﬁgié@rya?ié\gm%@gﬁ (? Bgl'eé:lsr‘)oera't‘s%@@eg
signi ficantly @reupsbyBB-gneuhSdodperpdared tolpentiolsnd simjlaptrpad WeBDPAN- 6

concentrations Ok £ i i R K 3 levels
wer e hi gher i noq%ers\eéﬁ Eﬁ%ﬁ%ﬂqﬁgﬂrr%g?{gﬁbtg%&{ R%aﬁgﬁﬁqu%cgﬁ)@gﬁ [ﬁ@Egt RBC and

pl asma neasur edHRiementsd grmme, &/andd-3. aWMhdeRA siggificantwincreasgedearer f or

control and L gné MBbSREOUTARCEVER ddefinddirofaHB L BRRAE R8IgFBLE! X by 4- and
10-fol d., 20[ 00076] Retina fatty_ acids ﬁ[1.00077] Shan%ﬁ\se in retinal DHA due to
A EePTEpRD QFIA

di et ar y 1PcPUFACISEteidbYt eaersiatifigant fre PIESIdd L3 gr oup means
were greater tdft&ﬁ:ehh&ti&w@h?tlum b‘ysdgfag@mcseésjelrﬂdamrc {3BELEBOPEY. reports. ARA
concentrations i uence or SL{J o DPAN- 6
concentrat i ons“&giﬁgtc’%ts’iaéﬁi Sl 'Bg‘%ﬁme?'aﬁ? Eﬂ’@%i l:?’ &gﬂ?@o&é} dF 8d™8" t he
hi ghest suppl esmenpaeent but did respond to dlets in both RBC and plasma, where it

decreased significantly in the L3 group compared to the C and L groups.

15 DPAnN-6 concentrations were significantly higher in RBC of controls.
DPAnN-3 levels were higher in the C group compared to the L. and L3
groups in both RBC and plasma measurements. The DPAn-6/DHA ratio
was significantly greater for confrol and L. animals compared to the L3
group, approximately by 4- and 10-foid,

20 [00076] Relina fatty acids
[00077]) Changes in retinal DHA due to dietary LCPUFA did not reach
significance, though the L and .3 group means were greater than the C

group by amounts similar to previous reports. ARA concentrations were
not influenced by formula composition. DPAR-6 concentrations were

25 significantly higher in controls compared to the highest supplemented
group, L.3. Levels of DPAN-3 increased with dietary LCPUFA, with L3
significantly elevated compared to the C group. The DPAN-6/DHA index
for C and L groups were 3.6-fold higher than the high DHA formula group,
1.3.
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group, L3. Levels of DPAn-3 increased with dietary LCPUFA, wth L3
significantly el evated conpared to the C group. The DPAn-6/DHA index for C
and L groups were 3.6-fold higher than the high DHA formul a group, 13.

[ 00078] CNS \%@é@g&gilds [ 00079] DHA concentrations si %I‘Elﬁsg@g}ﬂ"%%ﬁ ncr eased

wi t h hi gher formula DHA in the cerebral cortex gyrus,
the primary notor cortex region. Supplenentation inproved DHA | evel s by 24%
and 43% 5conpared to controls in the L and L3 groups, respectively, and the
di fference between L and L3 was statistically significant. LCPUFA

suppl ementation also significantly increased DHA in frontal cortex by 30%
and 41%in the L and L3 groups, respectively, conpared to controls, however
the difference between L and L3 was borderline significant 10(p=0.10).

[ 00080] Fornula DHA increased DHA in the basal ganglia regions gl obus
pal | i dus and caudate, and in the m dbrain regions superior colliculus and
inferior collipdors) hoMmevaty bEigse were no detectable differences between L

and L3 groups. on=skgnificant tren [ S5put amen .and, a al a were
Consi st ant - 1 0007RL° A RcofEAons slianly inctsairmehong il of
consip:[s_tentl%/ ffo@mgﬁSDHALi_nme ﬂ:&rgbmi@bﬂeﬂb&_deauhmm s.[tﬁgﬁaﬂdarwl Vrioko r’clhe
excePti.on of two r egions ietary. mani n bt uence on
ARA | evel s. Le@%’ltesx r(?}g'oﬁ%g ?RP‘%}PSB@@%H?W&%@%@SE%@%Ff‘@oﬁgrcm us were
hi ghest 5n t hechampairehtb aogtrolspn theuk asd di3i groops) trégpabticely nadt! thé% wi t h

addi tional for i Lesult s, : LCi ency indices
wer e obt ai ned ?ﬂ#eg?%eé@%gr?ggng%ﬂﬁétam%ﬁgﬁgqﬁ{craﬁ%?l(.)éfj\gfgksi gnificantly
el evated for GCurnigaeei@tion alseesignificartiy imereasdaoHAHgY iodrpntal Bortex b IF0UCNS .
regions. The L ; %H‘BS i Qi £ L L frontal

| obe, gl obus p%ﬁ?gﬁs'bqggg at eL:y\gilogjp?n%g?{edgﬁéﬁ)wtlngh%@%%gﬁ "L groups

wer e consi st enfPyeardia diterepoebetwgen Liandi.3 was perdarling gigndesmtar ed with t he
L3 groupgo [ 000&3dp. Rpdy Conposition [ 00084] The results of the

study show thaf during. the ear|y postnatal 30weeks, supplenentation at
| evel s of 0.33H08A8} o erpulRR¥hificieaggd,LHA in the basal ganglia regions

globus pallidus and caudate, and in the midbrain regions superior
colliculus and inferior colliculus, however there were no detectable
differences between L and L3 groups. The non-significant trends in
15 putamen and amygdala were consistent with this pattern. DPAN-6
decreased significantly and consistently from C to L to L3 in all CNS
regions.
[00081] With the exception of two CNS regions, dietary manipulation
had little influence on ARA levels. Levels of ARA in globus pallidus and
20 superior colliculus were highest in the L formula group, but significantly
declined 10% with additional formula DHA.
[00082] Similar results for n-3 sufficiency indices were obtained in all
brain regions. The DPAn-6/DHA ratio was significantly elevated forC
compared to the high formula DHA group, L3, in all CNS reglons. The L
25 and L3 groups were significantly different in frontal tobe, giobus pallidus,
caudate, and inferior colliculus. C and L groups were consistently
elevated by 2- to 5-fold, respectively, compared with the L3 group.
[00083] Body Composition
[00084] The results of the study show that during the early postnatal
30 weeks, supplementation at levels of 0.33% DHA/0.67% ARA and 1.00%
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WO 2007/ 100561PCT/ US2007/ 004421 DHA10. 67% ARA increased the expression of
I L-15 in skeletal nuscle and decreased the expression of IL-15 in
subcut aneous adi pose tissue when conpared to an unsuppl enented control

group. The ef f DNA and ARA on IL-15 expression s| ross-tal k
bet ween skes’g{) gq%t”rﬂﬁ%&l e and 5adi pose tissue netaboli smsltg%ﬂl%%gwgﬂ“%ﬁA

suppl enentati on can pronote nobilization of adi pose tissue |lipid stores
whil e al so favorably influencing skeletal nuscle protein synthesis and
accretion. In addition, supplenentation with DNA and ARA increased the
expression of adiponectin in skeletal nuscle and decreased the expression
of the 10Ohepatic leptin receptor. These results are shown in Table 3. #
Table 3.1 Experimental Control L1 G oups L3 Tissue Cene

DHAJ/0.67% ARA increased the expression of IL-15 in skeletal muscle and
decreased the expression of IL-15 in subcutaneous adipose tissue when
compared to an unsupplemented control group. The effects of DHA and
ARA on IL-15 expression suggest cross-talk between skeletal muscle and
5 adipose tissue metabolism. DHA and ARA supplementation can promote
mobilization of adipose tissue lipid stores while also favorably influencing
skeletal muscle protein synthesis and accretion. in addition,
supplementation with DHA and ARA increased the expression of
adiponectin in skeletal muscle and decreased the expression of the

10 hepatic leptin receptor. These results are shown in Table 3.
« Table 3."
Experimental Groups
Tissue Gene Control | L1 3
Skeletal Muscle Adiponectin 9.029 9.256 | 9.827
Receptor 2 : - :
Skeletal NMuscle Inierleukin-15 2,987 3.047 | 3,533
Subcutaneous Adipose | Interleukin-15 G.44 5669 | 3.566
Tissue
Liver Fatty Acid 7.479 6.40 6.278
Desaturase-1 '
Liver Fatty Acid 4.453 3.606 {3.619
Desaturase-2
Liver Sterol-CoA 5.622 4.324 | 3.727
Desaturase
Liver Sterol 4.362 4.349 | 3.407
Regulatory
Element Binding
Protein-2 .
Liver Leptin Receptor | 6.295 5.792 | 5.746

' Values are Log 2 base values. Thus, a 2-fold change on a log 2 scale
represents a four fold change on a linear scale. For example, 1L-15
expression in subcutaneous adipose tissue was nearly 8-fold higher on a
linear scale in the control group compared with the L3 group (6.444 vs.
3.5566 = 2,888).
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Skel etal Muscl e Adi ponectin Receptor 2 9.029 9.256 9.827 Skel etal Muiscle
Interleukin-15 2.987 3.047 3.533 Subcut aneous Adi pose Tissue |Interleukin-15
6.44 5.669 3.556 Liver Fatty Acid Desaturase-1

WO 2007/100561 PCT/US2007/004421

[00085] Discussion
[00086] The present study has shown that increasing DHA from 0 (C) to
0.33% (L) increases DHA levels in all tissues studied, though the
increases in reting, putamen, and amygdala did not reach statistical
5 significance in the present study.
[00087] Dietary DHA at 0.3%, w/w normalized tissue DHA to levels
found in breastfed neonates for all regions of the CNS except for the lobes
of the cerebral cortex, where DHA increased compared to controls but was
87% to 90% of breasifed levels. A reasonable hypothesis is that higher
10 DHA levels might further increase cortex DHA {o breastfed levels. The
present data show that precentral gyrus DHA increased by 24% from C o
L, and 43% from C to L3. The additional increase from L to L3 of 19%
was stalistically significant, indicating that the greater DHA in the 1.3
formula was effective at increasing precentral gyrus DHA. Although the
15 present study did not contain a breastfed control group, the magnitude of
the increase was si:milar to the enhancement associated with the
breastfed vs. term comparison. The inventors noted that the magnitude of
the precentral gyrus DHA increase was less than two-fold, while the
amount of DHA in the diet was tripled between L. and 1.3. This observation
20 indicates that the leveling off of {issue fatty acid concentrations in
response {o increases in dietary faﬁy acids, demonstrated in rats, was
achieved in the primate brain at dietary DHA levels which were similar to
the highest reported breastmilk levels.
[00088] The basal ganglia are a set of CNS organs that integrate and
25 coordinate signals from the frontal cortex associated with executive
function and motor coordination. The superior colliculus is a brainstem
structure that controls saccades and also has cortical inputs, and the
Inferior colliculus is associated with the localization of sounds.
Collectively, these CNS regions showed no significant difference in DHA
30 between the L. and L3 groups. In only the globus pallidus was the non-
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significant difference in L and L3 DHA of potential biological importance
(11%); in the other tissues, DHA increased by less than 4% or decreased
slightly. In part from this observation, it can be inferred that the
neces'sarily modest statistical power of this primate study did not limit the
5 ability to detect differences. These results are consistent with the

conciusion that the cerebral cortex DHA is most sensitive to modest
dietary DHA levels. Considering that DHA in the human CNS increases
through two years of life, and that the cerebral cortex is quantitatively the
largest CNS region, DHA demands may be important well beyond infancy.

10 {00089] Human and baboon breast milks contain the n-3 LCPUFA EPA
and DPA at concentrations that are a substantive fraction of the DHA
concentration. In adult humans, these LCPUFA are much more efficiently
converted to DHA than a-linolenic acid (ALA). U.S. infant formulas
contain negligible amounts of EPA and n-3 DPA because the source of n-

15 3 LCPUFA, oil from the marine algae Crypthecodinium cohnii, does not
contain these LCPUFAs. DHA levels that are higher than those in
currently available formulas, and more similar to the 1.3 formula, may be
indicated to make up for these minor n-3 LCPUFAs. indeed, the study
has found that n-3 DPA drops In most tissue in response to moderate

20 DHA but rebounds at the L3 DHA level. The exception was retina in which
n-3 DPA increased as DHA increased. EFPA was at trace levels in the
CNS.

[00090] In the liver, RBC, and plasma, ARA rose significantly in the L.
group and then achieves an intermediate value in the L3 group; an

25 equivalent but non-significant pattern was found for the heart. The
present resuits are consistent with previous data indicating that tissue
ARA concentrations, particuiarly in the CNS are more refractory to formula
ARA than DHA. No changes were found in the cerebral cortex, retina,
putamen, caudate, and amygdala. However, L3 group ARA was reduced

21



3.407 Liver Leptin Receptor 6.295 5.792 5.746 1 Values are Log 2 base

val ues. Thus, a 2-fold change on a log 2 scale represents a four fold
change on a |inear scale. For exanple, |L-15 expression in subcutaneous

adi pose tissqﬁ was nearly 8-fold higher on a linear scale in the control
group conpar 84 W tH¢he L3 group (6.444 vs. 3.556 -= 2. H88S200¢dds5]

Di scussion [00086] The present study has shown that increasing DHA fromO
(C© to 0.33% (L) increases DNA levels in all tissues studied, though the

i ncreases in retina, putanmen, and anygdal a did not reach statistical
5significance in the present study. [00087] Dietary DHA at 0.3% ww
normal i zed tissue DHA to levels found in breastfed neonates for all regions
of the CNS except for the | obes of the cerebral cortex, where DHA i ncreased
conpared to controls but was 87%to 90% of breastfed | evels. A reasonable
hypot hesis is that higher 10DHA | evels mght further increase cortex DHA to

Do e maro keI by BB e P e W fF B | o ensed
L3 of 19% was gidtsis isdllidzal |y significant, indicating that the greater DHA in
R N NS N T et o e R S o
magni t ude of product of ARA that consistently rises in experimental n-3 fatty acid
5 deficiency, and also drops in response to DHA supplementation in
otherwise normai primates. DPAN-6 drqpped in all tissu_es with increasing
DHA, and in some tissues such as the cerebral cortex, .3 DPAn-3 values
were a fraction of the C values. This decrease and the accompanying
increase in DHA drove the DPA/DHA ratio decrease from the L to L3
10 groups.
[00092) These results indicate that DHA is more sensitive to dietary
manipulations than ARA in most tissues. They show that cerebral cortex
DHA increases with higher concentrations of DHA than are included in
present commercial infant formulas, while not increasing the levels of DHA
15 in basal ganglia and limbic system.
[00093] The data also provide support for the hypothesis that formula
DHA at concentrations higher than presently used in formulas, but
nevertheless well within the known range of human breast milk,
normalizes CNS tissue composition closer to that of breastfeeding.
20 Changes in tissue compos'ition by themselves'do not justify alteration of
diet composition, and should be coupled to demonstrations of efficacy
associated with improvements in functional outcomes.
[00094] These data also demonstrate that DHA and ARA (1)
reciprocaily regulate IL-15 expression in skeletal muscle and adipose
25 tissue, which favor increased muscle mass and Oppose‘ excess adiposity;
(2) reduce expression of the hepatic leptin receptor, thereby promoting
greater satiating effects of circulating leptin; and (3) increase the
expression of skeletal muscle adiponectin receptor, which enhances fatty
_acid oxidation and insulin sensitivity.
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the increase was simlar to the enhancenent associated with the breasffed
vs. term conparison. The inventors noted that the nagnitude of the
precentral gyrus DHA increase was |ess than two-fold, while the amunt of

DHA in the dj, ﬁtz L EN %I‘I pl ed between L and L3. This obse]gé(]a}ﬁézg&m%ﬁ&pdl cates
that the |eveling o of tissue fatty acid concentrations rn resp to

increases in dietary fatty acids, denonstrated in rats, was achleved in the
primate brain at dietary DHA level s which were simlar to the hi ghest
reported breastm |k | evels. [00088] The basal ganglia are a set of CNS
organs that integrate and 25coordinate signals fromthe frontal cortex
associ ated with executive function and notor coordi nation. The superi or
colliculus is a brainstemstructure that controls saccades and al so has
cortical inputs, and the Inferior colliculus is associated with the

| ocal i zati on of sounds. Cbllectively, t hese CNS regi ons showed no
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hunan CNS |ncrsé‘z§’§é%ssﬂorﬂ%ftﬁjﬂmf‘@8%3§"ﬁ$e ($¢@) suprIessstthehe cerebral cortex
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oil from t he mesulneowit dedoCegytchpalodbisatercaohosition dogiglycetidesoatdii n t hese
LCPUFAs. DNA | -8 §vtetsh é %FE{EE%}for eggﬂafmmeﬁm&r%ﬁh ﬂval | abl e

formul as, and sim ed to make up
for these m n@feateeswwgn of ﬁ@&ele\b%l@vglsuwgmm Blﬁid“gﬁeaie\wlsaofDPA dr ops

|0 most 11 SSUDHA 8 RABRGVIY sERIEEAUE nd0D b diHes/SRRUAGIAS ridig 13 DHA

| evel . The exception was retina in I NnCrease
i ncreastl. EPlaviablatriglyerride ancbirppreieinteonapesition.

[00096] The net result of alf of these actions leads to reduced de novo
lipogenesis and enhanced fatty acid oxidation, improved insulin sensitivity,
and improved leptin responsiveness, culminating in a metabolic
environment unfavorable to the development of obesity.

20 {00097] All references cited in this specification, including without
limitation, all papers, publications, patents, patent applications,
presentations, texts, reports, manuscripts, brochures, books, internet
postings, journal articles, periodicals, and the like, are hereby incorporated
by reference into this specification in their entireties. The d.iscussion of the

25 references herein is intended merely to summarize the assertions made
by their authors and no admission is made that any reference constitutes
prior art. Applicants resen}e the right to challenge the accuracy and
pertinence of the cited references.

[060088] Although preferred embodiments of the iﬂveﬁtion have been

30 described using specific terms, devices, and methods, such description is
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[00090] In the liver, RBC, and plasma, ARA rose significantly in the L
group and then achieves an internediate value in the L3 group; an

25equi val ent but non-significant pattern was found for the heart. The
present results are consistent with previous data indicating that tissue
ARA concent raPP8YE"YHarticularly in the ONS are nore rfTAEEWAYE fornul a
ARA than DHA. No changes were found in the cerebral cortex, retina,

put amen, caudate, and anygdal a. However, L3 group ARA was reduced conpared
to control in the superior colliculus and conpared to L in the gl obus

pal i dus. [00091] Gsbond acid (DPAn-6) is an elongation and 4-5
desaturation product of ARA that consistently rises in experinental n-3
fatty acid 5deficiency, and also drops in response to DNA suppl enmentation
in otherwi se normal primtes. DPAn-6 dropped in all tissues with increasing
DHA, and in sone tissues such as the cerebral cortex, L3 DPAn-3 values were
a fraction of .th al ues. Thi s, decrease and.the acco nyi.ng i ncrease in
DHA dr ove. t he TSGR BETH SR8 OPbACES P RaC Ere YOrss SOUTRURER [ 00002
These resul t s rathdt thaineof tihdthatioNAltiis tontss endersiiotithiet dhaingies bad warfationsul at | ons
than ARA in I SS ) h erehbr al t | ncreases with
hi gher conceﬁé&%ﬁ‘sﬁ%}iyﬁﬁﬁggﬁgﬁﬁmﬁb ?‘ﬁ’ém&@a&@“ﬁf‘gé@ﬁé‘%ﬁ%ﬁﬁ cial infant
formul as, whi lthee spitit ombeeaspe gf theapresendlinvantioBHehitBiinsetdedh ingtinegl | a and

i mbic syste . The : ' SHER t hesi s

t hat for%lrul anm,[gqxg'?ég‘]gﬁa:—%npraQ?tbcﬁléﬁ%hg[{@\rﬂ%ﬁ%n prgggtﬁ%ﬁ%{/ﬁ)&g@d& ¥}g&f or mul as,
but nevert hel @ggoweembaglinents may benptaichanage heth uwhelemrdapartnFpk,

normel i zes CNYyhinpRd GuHARTRARLEL RIF t5d ﬁﬁfdhc{i&w 512 boRimde Ry SfeRRAiqUe _
20Changes in tissue conposition by thenselves' clo not justify alteration of

di et conposi t iNYHIORARLSUINEMANTBARR ARAEING do YIRS TEEINRMP HAYE 8PCR1 f i cacy
aissoch ated ;’Wteﬁehl{ﬁﬁﬁfﬁf%fﬂﬁéﬂ&g's%% U&itbh@!ﬁbd.oﬁéfém-. ﬂ{é)f}ﬂl?tddnldl ; dat a

al so deponstra a n recj proca regul ate | L-

expr essTOn | n oL AebanesE e aauRkiosGeIrBlstl Gabd desiiRinis s

I Nncr easeci nus Prefefrad vemdishsofitsiaed ¥aesin, adi posity; (2) reduce expression of
the hepatic leptin receptor, thereby pronoting
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greater satiating effects of circulating leptin; and (3) increase the
expression of skeletal nuscle adi ponectin receptor, which enhances fatty
acid oxidation and insulin sensitivity. [00095] Supplenmentation with |DHA
and ARA al so reduced hepatic de novo LCPUFA synthesis nediated via
domnregM#@fhfg'ghggéiéol regul atory-binding protein-2 (SREBP2) with

coordi ~on of sterol - CoA desaturase (delta-9 desaturase),
fatty acid desaturase (delta-5 bdesaturase), and fatty acid desaturase-2
(delta46 [ s r i on of er ol - CoA r . ses
the. actunTabisi 23 hsniR e SR8 Phrab B feaehis SRR 175 E A i SRR

phos pholusgedghareinithanetriiiongd @sirpbsition Etrinprises doeosatsaxnyndiorcidanoas tdiest al and

of "o AuBlsfebtyn STHRCER R Rl oMok SR AR oty el et RMIPRRGE "

r educeagadlper 10 kilticalodesrposi tion of triglycerides and adi pocytes. In the
present study, increasing DHA levels resulted in greater suppression of SCD
MRNA | evel s, suggesting that higher |levels of DHA nore effectively suppress
de novd. Thepagetiemi sorapakitimastatatm Mo nbeldit thectabb#hexaendiy acidiidedmindstered to
Iipopr&t elip ﬁorrpos‘j thon. IFOOO%] The net result of all of these actions

| eads 16 'V'8AUE&Y "¥&HEURY i pogenesi s and enhanced fatty acid oxidation,

i mproved insulin sensitivity, and inproved | eptin responsiveness,

cul m natyng i.n.a etabolic envirgnnent .upfavorable to the devel opnent of
obest 13, 100 Bsthel Eapotlarad i Bheteit e BRefeahdslbr Rl
W t houarakhidbtiaticiadnandah lan Epapens effqutibé topioviae betvpadren trg, arpglat0Onhg gppldéat i ons,
presen .@tcgl%ns ttexts r.ego.ats, manuscri pts, brochures, books, Internet

post i né CaOUGT A AGPIPOUE 869 heri odical's, and the like, are hereby

i ncorporated by reference into this specification in their entireties. The
di scussign of .the, 25references.herein is, Intended nerely . to summrize the
asser ¢ FolE THIEHEMR) SBTS IR RIS T ST KHHOGBT PR Gie HE B A RPrac to

r ef er ethednfastn@iringube Smprdediod &6 bikip phiiltkRa ingant @&ssoue obhdgedrig@laget o chal | enge
the accuracy and pertinence of the cited references. [ 00098]

Al t hough preferred enbodi nents of the invention have been 30descri bed using
speci f§.crisatumtiondeysragssitioanst cilith RO dBeresuitie rdes 6F drathigdnid Scidf docokhtaxabnaiti ve

pur poses only. The words us re words of description rather than of
li m ta?‘?'%ﬁY“%éfghiIég ff%“@goﬁnhgg%%ﬁ\éﬁhat changes and variations may be nade

by those of ordinary skill in the art without departing fromthe spirit or
the sc of the present inventiqn, which Is sef forth.in the 5fallown
ol ai meS. e TN PE PO e G AP B, WHABHS 15081 Pearedianis e dacanexaendis

acid by weight is about 1:1.5.
7. The nutritional composition according to claim 3, wherein the docosahexaenoic acid and
arachidonic acid are administered to the infant during the time period from birth until the infant is

about one year of age.

8. The nutritional composition according to claim 7, wherein the docosahexaenoic acid and

arachidonic acid are administered to the infant in an infant formula.
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vari ous enbodi ments may be interchanged both in whole or in part. For
exanpl e, while nethods for the production of a commercially sterile liquid
nutritional supplenent nmade according to those nmethods have been
exenplified, other uses are contenplated. Therefore, the spirit and scope
100f t I@eﬁxwﬂﬁleﬁﬁ%oﬁ 5ifl5n RPQUE ¢h Mnr@&ul%ﬁ@@xﬁr@séi ofjﬁsfg ih%'i%n@ the
preferred versions contained therein

nut ri tﬁéwtar@wﬁ@éip@%vﬁsu@wvn%%n ithe i@l %tmwittqaecomwﬁé%gﬁ)fésﬁamxaenm% in
an i nf apiy shy9ée) 5t @dmsméfe%&m mgum crBgivaYd bP&vﬁd&ﬂé'th&Wﬂ?@%bMe%H LRBRESEs
docosahexaenoli c acid and Is to dmnistered in an anount effective to
provi d80B&grielecosangxagiwiciand pe ‘tﬂo klleeaJer@fexaenoi ¢ acid per 100

kil ocalories. 2 The nutritional conposition of claiml, wherein the
docosahexaenoi c acid is adm nistered to the infant in an infant fornul a.

3. The18uh nbtritienalicomoanpten for gee tifursegilating theuasrression Aleadipanectin wrad infant's
COMPOSLEL OB HHEAEGtingF QTR ﬁ&ﬁu@{a@e&hmﬁ  HinflisBO ol R aRBx BRI s ve

to provi et ween ng a 00 | ocal ories of arac oni c

aci d. ba admiyastaigdrin gn @munt:@fﬁ&bsa to ramwd@ tethgiinfant befipesre? ma g 100 mg of
docosa [ d to the infant during the tinme period
from b??«;ﬁ]&%ﬂﬁaﬁn@ﬁ did %rgg:p‘@géagcﬁ%‘gt one year of age. 5. The nutritional
conposition of claim3, wherein the ratio of arachidonic acid:
docosahexaenoi c acid by weight is fromabout 1:3 to about 9:1. 6. The
nutritional conposition of claim3, wherein the ratio of arachidonic acid:
docosahéxaeniotiena compbsitioneiog Hse insdautnsequlating the expressipreotifie hepatisraptin

conpos Lééeﬁf&r LR dReif 'ﬂ?é mjtﬁho%{n S&ﬁb&:ﬁdﬁeco%%@éé‘t}@é&%ﬂﬁéén%&' 4

ar achi don aci d ar€ adm ni stered e Infant durin time peri from
bi rt h isrteibe adiménistefeshin ahgrrawmeff@we yepiovige tathe infagt beltmen gtg ancd ned mg
CONPOSL{ | Q&g@ L rein the docosahexaenoic acid and
arachié%%?%sa0| gg?gggggﬁ gkg Ioj\tﬁ’ggthe infant in an infant fornula. 9.
A nutritional conposition for use in downregul ating the expression of |L-15
In an hgf@&tofsa JHREHBAENNE aRHIHARE rid RRIG.LIPE RLitibRA B bPRRLse in
conposi Tion conpri1ses docosahexaenoi ¢ aci d and mnistered 1 n an
anount u;m*bgeletmg/metaxpmsemn@élwﬁ trhan infeindis skdletelwascie vvi‘gerezndheinmrit'n@abf
docosa on
For useonBuainds RFbe alfistdia o8 SRR Sfectygt 5 prful bhiel ¥iho SATHY Hd
skel et afl dorosattexpembie peid pet h@0 kildcaloriesnal conpositi on conpri ses
docosahexaenoic acid and is to be adm nistered in an anount effective to
provide to the infant between 2 ng and 100 ng of docosahexaenoic acid per
100 ki 1dddlearseass. claithed ifclaint A2 twitetein the dpasiabexaenbivracicsie administareddg theat i ng
t he exBE§§ ﬁpmgi h?ﬁugppatlc | eptin receptor in an infant, wherein the
nutritiona conpo§ I'on conprises docosahexaenoic acid and is to be

adm nistered in an anount effective to provide to the infant between 2 ny
and 100 ng of docosahexaenoic acid per 100 kilocalories. 12. Use of a
docosahexaenoic acid for the manufacture of a nutritional conposition for
use in upregulating the expression of IL-15 in an infant's skeletal muscle,
wherein the nutritional conposition is to be adm nistered in an anount
effective to provide between 2 ng and 100 ng of docosahexaenoic acid per
100 kil ocal ori es.
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13. The use as clainmed in claim12, wherein the docosahexaenoic acid is
adm nistered to the infant in an infant fornmula. 14. The use as clai nmed
in claiml12, wherein the nutritional conposition further conprises

arachi donic acid and wherein the nutritional conposition is to be

admi ni §heTietddlo ATkl 2 ShherBin'iRe RLAKOHR BFDUSHSh il afithrkd 0 per
100 kilocal orjes of arach fdon?c acid .1 ﬂﬁc ?e as gﬂg?%e ”#gglaln112
wher ei Arachisiogissisanshateindhe pitgtioral ﬁ@*ﬁpm'%qufﬁé@l be @dirfréstpiedanendmdunty t he
time pefitafohs eaa,#abrbteméem ngtdH@ 108fAgibel %@@Bﬁ%ioﬁé@oﬁ/&g{hs@éméga 16. The
use as clainmed in claim 14, mhereln e rati o of arachidonic aC|
docosahexaenoi ¢ acid by weight is fron1about 1:3 to about 9:1. 17 The use
as cl aiBefhd Lﬁbecésaéiéﬂn%ﬂun Yéfaﬁﬁ @2 wé}smrtﬁé aec&ah@{a%mcd&ﬂy € a@Hthster d to the
docosahexaenoi c acid by we IS : use as c arnmed in
cl ai m Tdantghengthe tmp@wdmémmi tdsreamfaret i3 Abowoaeledoefiageaci d are

adm nistered to the infant during the tine period frombirth until the

i nfant |s about one year of age. 19. The use as clainmed in claim 14,

wher ei 461 e ecssitiorddnoiatn Afiwheisia the eatinicd erchidenicccit: doeehmhakasneiceatid o

t he '”B?WE@hPmQRxﬁQB&RH:fEV Ppg1 20. Use of a docosahexaenoic acid for the
manuf actur€ of a conp05|t|on use in downregul ating the expression of
IL-15 in an infant's subcut aneous adi pose tissue, wherein the nutritional
conposk¥i r ; 1 en
2o and o B TLET  ere 186 BlasBdoReiekf gbCoslhBagiBicyid o
as cl abywaighhisd@babhi:2®, wherein the docosahexaen0|c acid is administered to
the infant in an infant formula. 22. Use of a docosahexaenoic acid for the
manuf acture of a conposition for use in upregulating the expression of

adi pon&Ztlihe use asrclaimbdm clgins kél veheseiniis doensahraeapie aclreand arachidomahcid are
conpos tmeen
>y e By 1SR TaA o e file R BT BTN U FE DIGHS e bt 8L S

as cl adged in cIa|n122, wherein the docosahexaen0|c acid is adnlnlstered to
the infant in an infant formula. 24. Use of a docosahexaenoic acid for the
manuf acture of a conposition for use in downregul ati ng the expressi on of
hepat i t9.ITégtusr asetmpedin ¢laimamd,i wifeaein thevlerosanexdeacicucrd aridoarathidanipasitl taren
isto red. i fective to provide between 2 ng and
100 Qﬁ?mgg%ggg @?3@%@98%§élgﬁ%grn 0 kilocalories. 25. The use as
clalned in claim24, wherein the docosahexaenoic acid is admnistered to

the i nﬁ@.%se‘cﬁ' aad?)cbg'aflr?er}taefl;o% g}:ﬂi For the manufacture of a composition for use in
downregulating the expression of IL-15 in an infant's subcutaneous adipose tissue, wherein the
nutritional composition is to be administered in an amount effective to provide between 2 mg

and
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160 mg of docosahexaenoic acid per 100 kilocalories.

21. The use as claimed in claim 20, wherein the docosahexaenoic acid is administered to the

infant in an infant formula.

22. Use of a docosahexaenoic acid for the manufacture of a composition for use in upregufating
the expression of adiponectin in an infant's skeletal muscle, wherein the nutritional composition
is to be administered in an amount effective to provide between 2 mg and 100 mg of

docosahexaenoic acid per 100 kilocalories.

23. The use as claimed in claim 22, wherein the docosahexaenoic acid is administered to the

infant in an infant formuia.

24. Use of a docosahexaenoic acid for the manufacture of a composition for use in
downregulating the expression of hepatic leptin receptor in an infant, wherein the nutritional
composition is to be administered in an amount effective to provide between 2 mg and 100 mg

of docosahexaenocic acid per 100 kilocalories.

25. The use as claimed in claim 24, wherein the decosahexaenoic acid is administered to the

infant in an infant formula.
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