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USE OF DHA AND ARA I N THE PREPARATI ON OF A COMPCSI Tl ON
FOR PREVENTI NG OR TREATI NG OBESI TY BACKGROUND OF THE

WORMENGION (1) Field of the Invention [0001] TRET/US2007/004421

present invention relates generally to a nmethod for
preventing or treating obesity. (2) Description of the
Rel ated Art [0002] In the United States, nore than 25%
of adults and nore than 14% of children and

adol escents are obese. Obesity is a nedical condition
that takes various factors into account, such as body
mass i ndex (BM) and wai st circunference. For exanple,
if a mn has a BM over 30 and has a wai st
circunference that is greater than 40 inches, he nay
be consi dered obese. (besity is al so determ ned based
oJSEQRRHASANDARMAIN FtE PREPARATION: QF ASCOMROSITION

speci al i zed ' ' t'. t he
maj or stora&?gﬁéy@ﬁﬁ%%ﬁ-ﬁﬁ %%' in thg
body. Onesity cBASKGROUND OFTHEUNVENTIONdecCr ease
[ g ex t yc and has been shown to contribute to
h(|1;h bﬁmw—ﬂreathl ng probl ens, stroke, heart
orowsfe qfhaqﬁﬁsém MV@ﬁﬁéh PéIggsE gen@ﬂamp 5 %Oﬂn%aﬁc;d fr

l'evel's, ga der disease, gout, some types o
dﬁﬁyﬁﬂtlngﬁdtl@ﬁt@éa?hﬁﬂlﬁw is. [0003] There is evidence

dul t hood. Z
NP | CBEsthicn 8Pk REBBANACH |2 20 6 Adi posi ¢y
|[|6002]r ol th magUoded %tes:amn@iﬂapc%ﬁ% oﬁhd;lts ar?]a more than
104-1 1 I act ] es
Pk ot ad Adtle trents e ohesr ObSHE bR clEtiCal

odurdiien tlﬁmctaﬁéé/waﬁoQb%o@ﬁt@%@@ﬁbﬁt \SRIER a@;b@é@y fass index

Mu| hi ns, Prognosi s i n Juveni
B Eia Wish cpaife@riond IR SanaIS, kA man bes p BMI over 30

Pask hbk.a waldt Bircuiiérerite tﬁB’t ﬁéj%regtérnthaﬁatﬁﬂhﬁ;hﬁas he may be
Endocrin. 141-158 (1981) Though adult o eS|ty

d@ﬂ%@@&*@@%ﬁ%%@ﬁéﬂ !& ﬁb@u@temn%laased on a comparison of

the amount of adipose tissue, a specialized connective tissue that

functions as the major storage site for fat, versus lean muscle in the body.
Cbesity causes significant morbidity, decreased life expectancy, and has
been shown to contribute to high blood pressure, breathing problems,
stroke, heart disease, diabetes, hyperlipidemia, high cholesterol levels,
gallbladder disease, gout, some types of cancer, and osteoarthritis.
[0003] There is evidence that obesity tracks from infancy to adulthood.
Zive, M.M.,, et al., Infant-feeding Practices and Adiposity in 4-y-old Anglo-
‘and Mexican-Americans, Am. J. Clin. Nutr. 55:1104-1108 (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
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,
which is a measure of the amount of body mass that is present as fat,
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wai st circunference, the same does not apply to
infants or children. Researchers and clinicians agree

woOhed71@030dy conpositi on assessnment, which i s RCTEE007804421

of the anmount of body nmass that is present as

fat, bone, and | ean nuscle, provides a nuch better
gauge of infant or child growh and nutritional status
than I ength and wei ght nmeasurenents. Thus, the best
way to prevent the onset of obesity in childhood,

adol escence or adul thood nay be to inprove body
conposition in infancy. [0005] Therefore, it would be
beneficial to provide a conmposition that can inprove

t he body conposition of infants and children and

t hereby prevent the onset of obesity in chil dhood,
af@l@m%ﬁfégl@l‘bml-@élﬂ {Provdes Anmaghi hatter gaugenoilinfanter Chlld

2Gth A nifiBRal LR & thad RN LRE TGP i ibiheRfs"
i ﬁbus,vthettbmtbmﬁytocpmmt theoonsét %T??‘T@ 'aﬁ]hgdhfbgg e |tn
“a0iesante SMaephlo0d Y he e ipE v hotty cofrdRifian fiynfancy.

ofodos}at i Mhepbfse !y wollldibe lﬂarﬁﬁklalw %r@ﬁ&@@composntlon that
C‘F%E)HSI ng adm nistering to the subje

Hpeiavete hody F@Wﬁ@'%rﬁfdﬁfarﬁﬁ ammmwrwndath@rﬁby
O;Bré\%n?ﬂf@bﬂééi &8fo élﬂ/ |H%II?H$EBeédol&@eﬁ&@b‘?%ﬁuﬁﬁé‘og €in

an I nfant or ch| 0007 Invention is al
dﬁ‘ﬂ@é‘@@d'twtdd rh@v@nﬁ’fmléﬂdd grovideran indanhifpriviuda loe aptritional

YTt RoMAn LS EAP L ROrmalssidh RRSRI B ibraYs fhe boay
sodmpositiont dlentgrds eindathilgren.f ect i ve anmount of DHA or
pad; thon the | nabPRgARY, 8k Hiie WENTIBN ] o' {
addition, the in i thodfor
U[D0D®]| at lm@ﬂtyhmeeﬁwm er@ibnlit difectét B ARbIGABiNDd for
skel etal nuscle e nethod conprising admi nistering

thetVﬁé‘f@atﬂféﬁatg\q PReUINA ﬁlalpneyt dhe éeﬂméi %Qﬂ%mgf
Dhidrrfiriistiiivg 1@ thessulljedth fRFRpEaLEAR éﬁé&.@%éﬂﬁf Sﬁ?HA or

The |nvent|on i's ad(J:Iltlona Iy directed to a net

dORA @é@m%pp‘ﬁgcpﬁ@l@m\gghmmnq)mer 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
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
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’eutically effective amount of DHA or
ARA, alone or in combination with one another.

[oo08] Further, the invention is directed to a method for upregulating
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
nmet hod conprising adm nistering to the subject a

woOherapesti cal |y effective amount of DHA or ARACTAISZ002/004421

or in conbination with one another. [0008] Further,
the invention is directed to a nethod for upregul ating
t he expression of adiponectin in a subject's skel etal
nmuscl e, the methodconprising admi nistering to the
subject a therapeutically effective anount of DHA or
ARA, alone or in combination with one another. In
addition, the invention is directed to a nethod for
downr egul ati ng the expression of the hepatic leptin
receptor in a subject, the nmethod conprising

adm nistering to the subject a therapeutically
ed¢draptising azim'mistedhg Dblthe isubjest aatlhempeuntldaﬂy effective amount

ch(gh?gé. o h“%?girc]%{lh?r E}Bﬁgp\epnglg he I %dgltlon the

| inventionis directeldab a methed ¢oit sowhfediiatiig e expitds8irSof the
obesi }é'y Ihe i nvent.ion i ncreg}fgs t he anount of | ean
fep

InHECBBIRS I AsuRierle g Mathed semprsing agdmipistaring
tioSthieesubfectsal e rabBaticaea e e Eoaht 8F DN 8RIARACjone or

occurrence of many di seases and di sorders assocl ate
vintgerabisatiop witieoae 3aotherSCRI PTI ON OF THE PREFERRED

SRR A0TSR M S TRy o e

npieseek inveindionols thiat drpreventsd¢hefarseh o elr MatEabbsnty. The

HO B 5 gy R FRLAREL R e B ctrosses

i thevanbubn o pdiposettidstiet h‘kseuslk,l tlhbeidvemltldl’ﬂ ﬁn:ﬁf élsb fb’tévent the
vari ous rmd fi cat .ons andé [iations can

t‘H%CLHFed%%? N AIPGASSR ARG BiSTdpsT ??W'ﬂe@n‘i"t‘% é’b§§6¥)e

or FETAILED UESORIPWNOOF 'ﬁQE PREFE'F&@EDf E@fﬁmgeﬂwems
illustrate escri be par one

00301 us&?f%li?f‘é:ﬁdﬂ% pwih thuaﬁe L0 detaryt@m embodiments of the
f ﬂ'ie/éﬁﬁén R0 B WY exdHiBbLlor Tiien ok <6f rdrd BRARH EAth

resent iInvention covers su cat I ons an
v%xaraplaatssprawmy wiayhifrexplanatisopef thie inkentigpmemateslimitation

ChHAINES; n@&ﬁuér‘ﬂ e ir{ F]aeéi Uk Vit B8 ahparihifio R3EE Hidited RAhY & that

and aspects
various modlf catlons 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
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 their equivalents. Other objects, features and aspects of the
present invention are disclosed in or are obvious from the following
detailed description. Itis 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
regulatory effect on the expression of genes.
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present invention are disclosed in or are obvious from
the followi ng detailed description. It is to be

wanderisessod by one of ordinary skill in the arPCrhaR007/004421

the present discussion is a description of exenplary
enbodi nents only, and is not intended as limting the
broader aspects of the present invention. [00012] As

used herein, the term"upregul ate"” neans a positive

regul atory effect on the expression of genes.[00013]

The term "downregul ate"” neans a negative regul atory

ef fect on the expression of genes. [00014] As used

herein the term "expression" neans the conversion of
genetic informati on encoded in a gene into nessenger

RNA (nRNA), transfer RNA (tRNA) or ribosomai RNA

( [00093]t hr'la'lﬁgterm doveniegulaie” n{éﬁﬁ&l@hfe@bﬁ\t/é esgBatory etffect on

a effective anount” refer to an anoun

ﬂgg&gg&%%(§1%t5§ e?nprovemant or renedi ation of the
d[swsq Asaselé hereih theMBiATExgessith’ the8As the Eonversuon of
condl 00016] The term "infant" neans a postnat al
heﬁﬁﬁ '? P";@t'wég«;mf)ﬁ&ﬁ ‘ﬁ@o@ﬁ"qlf}}@dﬂeﬁfﬁe% Rﬁegw:i
ThankrIrRNANRA) RNA §
yggpbaggk12W§e§fgq§?ﬂﬁ5ﬁmnﬂn soé@QRﬁg B Wfﬁgn gﬁh

i §00R15]e e T hehtermse'$herapgdicaliy efadtiee aeeust” tefeptchan amount

P IBSTRS of Bl Rl L IR Ralben St he e e or

fsvmmt@rhsrm’athe diseameposconditionhat satisfies the
' f i nf ant
SIR84fR,, S ISTRL Rte e 7 pEnal imas s6als lessethan

cabbamye@ﬁ-oaagenf ant formula are dictated by the
3 atlon .set forth at 2 1 C F. R Sections
S‘g‘? ‘%6 terpy childe Meansg hymamthalds bgiween about 1 year

Waﬁﬂomlyéér%rﬁf,a%éot ATEEmeBMBbaImeRtad a ¥Hidis 'b%%ﬁgrg E@é ages

In an ef rt to stinulate t enutrltlona

oPﬁéPOB v 3306 ¥eary. HWueler embediments, a child is between the

ages of about 7 and 12 years.

[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 107. These regulations define macronutrient, vitamin, mineral,
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
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,
indicating that the administration of DHA or ARA, alone or in combination
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[00019] In accordance with the present invention, the
i nventors have di scovered a novel nethod for

wonrewvandiomg or treating obesity in a subject WRCTNS2007/004421

conprises adm nistering a therapeutically effective
amount of docosahexaenoic acid (DHA) and arachi donic
acid (ARA) to the subject. [00020] In fact, it has
been shown in the present invention that the

adm ni stration of DHA or ARA, alone or in conbination
wi th one anot her, increases the expression of
interleukin-1 5 (I1L-15) in skeletal nuscle and
decreases the expression of IL-15 in subcutaneous

adi pose tissue, indicating that the adm nistration of
DHA or ARA, alone or in conbinationw th one anot her,
covith ppetanatbenicostribuje ttb altedioy tberhnxniyi d:dmpositloarof an infant

I
f e el ok i it ond FESHY SpiRgte ket
W{00D2il} hiLghb ys araytskine tvtiich sKBigalyRExHRESEEE ifh lsﬁélé@al muscle
d whi ch hﬁpanabolr&cbcgffects on skel etal nuscle

@?&Pna"?t‘” h hasanabdlicatiacts op skeletal nwéaciqmmteim It
S)émrﬁlﬁété% Sisletad lidis fBéPbﬁitél %tﬁé@fs'é?ﬂj .f&“pro}xé

et al., fnterleukin-15: Nove "Anab ollcq/ I ne
siaaradatia.s QunN HaSocet ol mteI@@*("B‘)’@GGQNGWQAIQa@@B:) Cytokine

The, a#Ble? vﬁﬁ%@&lgoﬁn‘afochhollﬁ %3(%& -3%9§Q1§§§ bITy

i nhi bit i te adi pose tissue
h@dm@lsirajlqre@,f[ lLe1$ daas aiso beeh showmm Ianbiﬂwblte éBilposeé tissue

desp ue tR?ZF?%’l ésreﬂl/ ‘%Bé':ﬁl_% %ggﬁggﬁg.e%@rez, B., et
D|ale &ffddts B l/#etlaim;vgegﬁ ddi- 15y "7 Ogg’ggg ié\iag'wm Rbdent
‘?ﬁﬁ%{ §f ’.‘:'ﬁ’f ?ﬁ&‘{' e@%&ﬁéﬁ '2 %ﬁ 6%? o g’”aﬂﬂ'ﬁ%@ Tissue,

t|meumnge9\mlsnopm|@@mw1sfiotdtfﬁs?r(ﬁééq i nvention may
body_conposition and may be useful in treating

6@99??1 | BY sfimulating musclegranearans, idetsitind adipese tissue

|
2ldres n;cﬁéfméfhdd-o flihel &%ggﬁffn%ei?ﬁ&ll %{fsﬁar@ B3&Y Bhibosition
Dmdoma)me uaeiuhm treating obmsutmaw ol faathit bas beest sieygested

o BLSSRRE T 1018k ok R0 B8 Mo d b Bl 50814 e o

prabesityi iid. Jhessi the bifeets offDHA 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
life.
{00023] The present 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
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 fatty acid
oxidation.
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life. [00023] The present invention has also been
shown to increase the expression of adi ponectin

woeceEpbessi 2 i n skel etal rnuscl e. Adi ponectin i SPET/US2007/004421

protein hornone produced and secreted exclusively by
adi pose tissue that regul ates the metabolismof |ipids
and glucose. It nediates increased activated protein
ki nase (AMPK) and peroxisone proliferator-activated
receptor (PPAR)-a ligand activities as well as fatty
aci d oxidation and gl ucose uptake by full |ength

adi ponectin. Increased expression of adiponectin in
skel etal muscle increases skeletal muscle fatty acid
oxi dation.[00024] Levels of the hornone are inversely
correlated with body mass index and obesity. Thus, it

i $000241 e drevals gémeeuotmane ane umrrsamsbraewfe@mﬁ rbdafy mass

OS8RSR B e Ehadlned EBhadhuar o cressed
O@Qﬁrésadmdﬂédﬁ)dﬂéwhldbukf’BVé&éHt orftRsat o%%s%t§3ﬂa%8ﬁuk M., et
( Og\p' Because the present invention has s

Dﬁz i

RQBeclia Fblts Relg %éfm@@aswrlndmﬁdmm Riysigl. Res.
| B3 £25.920190845" BE2A e gé@ém%\t/%ﬁlicf 8 5Rbjyn thit DHA

skel etal muscl e, there ?reasn n
a@prdrcalppe artia qmtmoatnom witheope asnethen, mmease thé expression

+ BE aMlpdribchinliEbe it oYk AR PdeciE AT RL EFaRe g 4R evels
aofl adponsictin, tHomethddof thé\pmse%ﬁ»grll\é@itmt?g:ts%sr?fﬂl in altering
anot. her
gg?g%’g@‘%;%{ﬂ?%?g gqe{eggn hé‘}?ﬁ? Ing QRSN recept or.
Lgmazs]u S Thehpraseie ané?ﬂié)@ﬁﬁ’asb}ﬁd&ﬁﬂohﬁuﬁghB% hit E)W?or ARA,

is jnvolved in energy netabolismand body wei ght
r é S\ thoméﬁﬁtlﬁﬂdﬁ@ﬂ ghesangthar, (ﬁqp@tﬁfaﬁntajlm‘la@e@eases

tbﬂbr&éﬁﬁiﬁoﬂtr&ahéﬁéﬁc R lﬂ%chﬁtdrhq_%%ﬂqg &GN produced

t her eby suppressing appetit al so been”s
t PXtWﬂ\'éaﬁﬁwoﬁﬁélﬁéaeéba isdhy9lved e etergy ejetabatismexhdabody

' Wéﬁer i §F§WW gzgﬁgﬁétg%asgisgll? Ia§8€¥ac|i;ﬂ[lgmatlsr§nds a

i patietycianal torthe W@oﬂmlahmsetlwﬁbgemmressiﬂé &plptite. It has
also been shown that leptin increases energy expenditure, measured as
increased oxygen consumption, higher body temperatures, and loss of
adipose tissue. Thus, in individuals that do not have any genetic defects
on the obese (ob) gene, which encodes leptin, increased levels of
circulating leptin are correlated with less adipose tissue.
[00026] Data suggests that the liver is the primary source of soluble .
circulating feptin receptor (sOb-R), which sequesters free leptin and limits

leptin action. The method of the present invention has shown that DHA or

ARA, alone or in combination with one another, may downregulate the
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
shown to alter body composition toward having greater amounts of lean
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on the obese (ob) gene, which encodes Ieptin,
i ncreased levels of circulating leptin are correl ated

woi2od7/l0ess adi pose tissue. [00026] Data suggesPETUSAL07/004421

the liver is the primary source of soluble circulating
| eptin receptor (sO-R), which sequesters free leptin
and limts leptin action. The nethod of the present

i nvention has shown that DHA or ARA, alone or in

conbi nation with one another, may downregul ate the
expression of the leptin receptor in the liver. By
downregul ating the expression of the leptin receptor,
nore leptin remains in circulation, thereby
contributing to a decrease in adi pose tissue. [00027]
In the present invention, the admnistration of DHA or

ARAUSElE aTel allesser conbumntof adipoééd lisoue. HHA R, ARA are long

R RSB B S E LPLD A8 e BSousty boon

| emomise) eomﬁauﬁe tceﬂﬁaeaﬁeélfmaﬁa POWB bPRFENTY. SSHEC O,ﬁ% DHA
and ARA are | ong chain polyunsaturated fatty aci

( [BBSUARA hRYe heﬁa\ﬁé\owre SiiRpqgrt H@sdeyﬁl@wmeru and maintenance
CQﬂttﬁé Brhi EQed %ﬁdh?%\l%\%&? aﬂ{sg"‘ﬁncﬁfE' Wt & Rgnld?mlzed

Specificall een shown 0’ Ssu
tr@or@mléad) fiehnf Lomy-Ghiain Pobnamsatiratéd FattyiAcideyes and

Corile et dt P Ephblein Feim Fisafilsi e WeRnine pEPuyeeks of
A(Agb AmpUeBint Mutro@5&70-580YLE02) cwnmduhf owt &t al.t Bbrmulas
7 EW g)%ggt@aéﬁ%%%gc odfcgﬁ glﬁhifﬁm qq] Ar%thqlqmlc Axaql R4y Promote
WiBdttdPaG aAMheRE Deive ogihéim(%sqﬁ WM%@HI?%@I’H Infants

and Devel opment Scores

VW)BL%%%W %E%Sm 18 AARBA (2008) Dhﬂédam ARARase mmcany
l:%?éiné@&ﬁr&?g?pgﬁeﬁ( HIRInARAS P& 4EabL e P AiRas that

t hrou bre Infants that are brea

i@ aﬁ@@vhaﬁedah@wemmuﬁmm ARAvengst beDsUppiethekf®ad into the
4t be supplemented into the diet. [00028] Wile it

has been shown that DHA and ARA are beneficial to the

d40e028reritVhile ibinas beeaystwvanthatdMARAOARA ard BenBhitial to

aQﬁe ’égeelg?)\ﬁ‘?ent 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.
[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 infant or child. In these
embodiments, the infant or child may be in need of the prevention or
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 to the subject. In some embodiments, the DHA and ARA
are administered to a subject via tablets, pills, encapsulations, caplets,
gelcaps, capsules, oil drops, or sachets. In another embodiment, the DHA
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not previously been shown to have any effect on
preventing or treating obesity. The positive effects

woRodHAsmNnd ARA on the prevention and treat menPCofUS2007/004421

obesity were surprising and unexpected. [00029] In
some enbodi ments of the present invention, the subject
is in need of the prevention or treatnment of obesity.
The subject may 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 treatnent
of obesity. [00030] In the present invention, the form
of administration of DHA and ARA is not critical, as

| @mgl ARPaa'ltehadmm adabd prefrinkgirodechand wonsemed. The food

Ak e etct el GRS vy Pieg ot Shahuas agliow-on
plfbtmulaegcmmml tm ks or aanliie bowdes lof e Pr@é"tﬁ?&% Dl_&geoérll

I n anot her enbodi nen

dkﬁ’é‘? & Nl rdté%f‘eﬁ Fradeelogueh agramipfanideg@uiand consumed.
Theob3eP Oh Hridik e%@é’d%ﬂerﬁ@%h?eﬁnﬁ) &k ‘%Hfaﬁ? In these

nutritional product such vv-on or nmu
gESPeGMAnts: the DUA ar ARA aiwwier !rbcomh)mqimdwdh amyanother

f
¢ afilhd Supglenterftelintd & HraRf Ritha wiHGH A7 4Rl R o the
i énfapt.infant. In these enbodl rrents tEe DHA oerRA

t can
2 160638L 1 B A7 RRRmBhr. dhe BRE AR IR FobuSarn Meprasent
f ewemndzhs riutfidovially| &Qﬁﬁlél? Ehdfﬂbrﬂa’ﬂt@dsh mﬁnvetnet It%dr?:;%l asnd
resent i

narTnints RPY cothptdals Pretaibariwmios andmunerpibs Thac
PRV dffls]dnd! BF fht tyércawwgh%iﬁy frd %Bb[]t 3‘(6 %fH&ﬁ’% ncf/‘fﬂo kcal.’

m_neral s he anmpunt of pidor tat ty
vdihg 2TMernhebarotein fdpmﬂmcav- \gry Gom @é}lout me am:mjrﬁ g0
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vaRya/fP8rscaboRrotgin soalsestcan 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 art, e.g.,
lactose, glucose, corn syrup solids, maltodextrins, sucrose, starch, rice
syrup solids, and the like. Lipid sources can be any used in the art, e.g.,
vegetable oils such as palm oil, canola oil, corn oil, soybean oil, palmolein,
coconut oil, medium 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®, Enfamil® Premature Formula,
Enfamil® with iron, Lactofree®, Nutramigen®, Pregestimil®, and
ProSobee® (available from Mead Johnson & Company, Evansville, IN,
U.S.A.) may bé 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
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12 g/ 100 kcal . Protein sources can be any used in the
art, e.g., nonfat mlk, whey protein, casein, soy

wonoei7aioese1 hydr ol yzed protein, amno acids, andptCiais2007/004421

|'i ke. Carbohydrate sources can be any used in the art,
e.g., lactose, glucose, corn syrup solids, _

mal t odextrins, sucrose, starch, rice syrup solids, and
the like. Lipid sources can be any used in the art,

e.g., vegetable oils such as palmoil, canola oil,
corn oil, soybean oil, palnolein, coconut oil, medium
chain triglyceride oil, high oleic sunflower oil, high

oleic safflower oil, and the like. [00033]

Conveniently, conmercially available infant fornula

can be used. For exanple, Enfalac, Enfam| (r),

Erlﬁ\éﬁh‘: of DHAv AR e ISZODmMerplaﬂgfaMallbbte and iy berutilized in

I, amgen(r) Pregestim | (r), and
%%Eé rt)'p]Y%@gﬁ; ‘abl e from Mead Johnson & Conpany,

E\[QQQM-] | eThé N:etHoéB oﬁthe mmmn&@@nhrégqné%mwéirauon of DHA
or ARAlal one or in conbination

w"t’hﬁ%ea é’H&t?féF' Coé'hfafnag% with ape anpgherofinithis embpdiment,

ofthé RidMeiibi STARALSIHA 8 '?ﬁl)llﬁl’ly ﬁaﬁﬁabb&{ : ngpét%dt)g 1. In

whi ch contains effectivel evels o
c SfFesBPanigent el themresantinvantion, this raticeis fromtatout 1:2 to

Pa®SenY: 1 nﬁg{l‘éﬂ SothbP 88sH iR t%ﬂgﬂo%ﬁ fr]%rab I gﬁ ’gonabout

reqwrest adm nistration o
c@ibi imohepaiticulap embodimieat the rattdwnssatmdmin nenta,notm

pBaruyRbBadimaht b S nfehieh iReirbtiniBbRat 1118 T ofher

| embadiorents,the ratibiie absuf 1 oN3.ahetill bth?er} @nbbggfgﬁlfts%trée ratio
ratio is from :

& 450009 4" In PR LRR pitaiimenbriBdRiers SbaKt i o In a

i surdierémBotiiment) ti86 eatie s ﬂ%dtlf?u'?alr enbodi nent of the

[ th t about 1:1 .5. In other
Ieﬂ‘ﬁ‘gé oﬂt‘@ Cﬁw Pla‘?hésisf"@n%@tjthelmyengom ihedevel ofddHév is

epbadb R BbLSUL DrU?"/oréHd 9.00% 3P Pty éc@sagg wéigﬁ% Thus, in certain

particul ar enbodi ment, the ratio Is I'na
f grbadiments dhasiRA aleae may treabontaricelobdsity. | 00035]

D[l)md‘{?isd]a' RN BEBHA Riay B abBYEBLEARR. by vleglglh? fA 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
yet another embodiment, the level of DHA may be about 0.96% by weight.
In a further embodiment, the level of DHA may be about 1.00% by weight.
{00037] 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 another
embodiment, the level of ARA may be about 0.67% by weight. In another
embodiment, the level of ARA may be about 0.5% by weight. In 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
invention is typically from about 3 mg per kg of body weight per day to
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bet ween about 0.0% and 1.00% of fatty acids, by
wei ght. Thus, in certain enbodi nents, the ARA al one

woayoTiwest or reduce obesity. [00036] The | evebCofusRida004421

may be about 0.32% by weight. In sone enbodinents, the
| evel of DHA may be about 0.33% by weight. In another
enbodi nent, the | evel of DHA may be about 0.64% by

wei ght. | n another enmbodiment, the level of DHA may be
about 0.67% by weight. In yet another enbodinent, the
| evel of DHA may be about 0.96% by weight. In a
further enbodi nent, the | evel of DHA may be about
1.00% by wei ght. [00037] In enbodi ments of the
invention, the level of ARA is between 0.0% and 0.67%
of fatty acids, by weight. Thus, in certain

emt 56 mgapen kgeof bodyweight gl oimeomwrtbc&ﬂtne(m of the

of
VERPIRE Bimoltd UG ShoRTBAL T kg i iod Vielar per day to
eretbnmmmmgtdm keeuEbody mﬂhnb y trwtda; ﬁnpaﬁl otgllefﬂ%h%O diment the
e |lev
o L R e G%Q?Pﬁ%o'%dqg‘?&%%e@htvaﬁ@ﬂydto about 60 mg
f,,fégn unt of DHA in an enbodi nent
[w?!@ofﬂétgé}ﬁt i nveprﬁ?iogﬁ;pi S ically from about 3 ny

p495$‘i§9£f B%Fﬁﬁ@rigﬂ@wmntmyrﬁeanm embodireptof kg mriesent
ety e i aboOS Ry A gy iy o

bAPPULIBEMamET kingf b@d)ab@tghtm day. pmrom@ enfbdathahent of this

[ et tnd Bmoddt R FImERIN RFRo 5d%S PEOHy Weignt per
alsayttoatbary m mggperf kgaoﬁbodpmgiilghm@m @ {!{ {Qﬁgt&%} The
f ARA.I n odipent o .

oeedigite R St ghiod s SPRGh Hie pes ke radwyeiont
ofpelnmaymeammt smemmlt ofBey WERGht sy, Keh (it é’r%i%er
wei ght In one nbodl ment of this |nvent|

¢ Feteifine, 6 awdbiades fiom abeyt Baima pesikatidiody weight
V\@leglﬂfayﬁ@fabtmtﬂm et kg 6Pb a8y Mgt aipdy wei ght

| n anot her enbodi nent’, the am)unt varies from

aﬁggw}’b nthe amaunt st Ddayn w;aghformulas for use in the present

invention typically varies from about 2 mg/100 kilocalories (kcal) to about
100 mg/100 kcal. 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
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 kcal. In another embodiment, the amount of ARA varies from
about 10 mg/100 kcal to about 67 mg/100 keal. In yet another
embodiment, the amount of ARA varies from about 20 mg/100 kcal to
about 50 mg/100 kcal. In a particular embodiment, the amount of ARA
varies from about 25 mg/100 kcal to about 40 mg/100 kcal. In one
embodiment, the amount of ARA is about 30 mg/100 kcal. '

[00042] The infant formula supplemented with oils containing DHA and
ARA for use in the present invention may be made using standard
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per day to about 90 ng per kg of body wei ght per day.
In yet another enbodi nent, the anmount varies from

weahow10&61 g per kg of body wei ght per day to R0DWIS2@0/004421

ng per kg of body wei ght per day. [00040] The anount
of DHA in infant fornmulas for use in the present
invention typically varies from about 2 ng/ 100

kil ocal ories (kcal) to about 100 ng/1 00 kcal. In

anot her enbodi nent, the anount of DHA varies from
about 5 ng/ 100 kcal to about 75 ng/ 100 kcal. In yet
anot her enbodi nent, the anount of DHA varies from
about 15 ng/ 100 kcal to about 60 ng/ 100 kcal. [00041]
The amount of ARA in infant formulas for use in the
present invention typically varies from about 4 ng/ 100

kiechnRjuess letovii drathe att Fovwxahfflemgh Bdiivaleat amionnt of an oil
anof her enbodi nent varle fr.om

MBIEO i8R g(prgggpt llndn%g'g E?rr%qlanaﬁ%@s@g olgig s}ggﬂower

G@Ptrhsg hdBRMNvithtlARS AR ARA varies from
about

00 kcal to _about 50 ng/100 kcal. In
00433 2 TP RiR the ARA ARGURTATEMRR a7 FeUrchRgigwn in
at?')%u%rt SecRHs Arieil, FRAMNOYindtd cgl]/oiloggg %ﬁk hﬁna Sﬁsﬂn lipid,

ment, the anouit of ARAT s about
[ 9004128 liKee The‘ @A aod ARA candpe imeatusal fmnh pmvléed that the

BRI e BB R BRI 3P bubptntl
i d_ielehermns efféo'f or kzerpifant. aAltemnativalye thhe MﬁmdoARArcan be

oi | orrml ly present in infant fornula, such
a¥SH 5?1 %I' °§m1fl ower oil, may be replaced with DHA

aobod) NHOEBPUFR s&thfeCmayfortmayﬁﬁ%wﬂtblﬂd‘?cmpévﬁaenoic
any. source known in the art such ne qil,

oAfid &GRAY. encepmegimbodigents 109 #@?’&JP‘E e inithe aweawan

t BEnidifSIittIENSr %‘é#‘dFéRéxéﬁfb@qmdé% @h?dodlﬁ{eﬁts that the

provi ded that the remminder of the LCPUFA source
nmfante%mmulam usag hengist contain legs tiaar abeys 2@fm9/dt00dwa' EPA;

thPsbie bpé*rﬁr'\ngﬁf%"’\[e& thah abBEt PHingRe0ARAI B8 BR JtRed

in Fefined
embodtments 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 oils 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.

[00046] (n an embodiment of the present invention, 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
one another, 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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[ 00044] The LCPUFA source nmay or may not contain
ei cosapentaenoic acid (EPA). In sone enbodi nents, the

wOCRUFMssed in the invention contains little BCTMS2007/004421

EPA. For exanple, in certain enbodinents that the
infant formul as used herein contain | ess than about 20
ng/ 100 kcal EPA; in sone enbodi nents | ess than about
10 ng/ 100 kcal EPA; in other enbodinents |ess than
about 5 ng/ 100 kcal EPA; and in still other

enbodi nents substantially no EPA. [00045] Sources of
DHA and ARA nmay be single cell oils as taught in U S
Pat. Nos. 5,374,657, 5,550,156, and 5,397,591 , the

di scl osures of which are incorporated herein by
reference in their entirety. [00046] In an enbodi nent

OIOGGE?]IOY ¢A eIt embveitheat) th@b@bjyct ARthe adv@lnaon iis ianchild
onbi nation with_one anther qug ntedlnto
n

¢ Retwpen thg ages of Pag:2n shhsars 0 rigiphpdiment the

r %EB}&’E o?tlfé‘tn\/@ﬁﬂoﬁ g5 @ﬁlda&ﬁwe'eﬂ thelifdd 6Ls&Ven and twelve
odi nent, the infant may be preterminfant, In

aNe@ rreplde b qeRtHewar @mhq@m%dhewmwr%mwﬁp% e
{
SISESEMIR e i oPe e fedstpaye aRecive i

sxtmjauog argaelesting obesitywlryetes amb@@menta. henedministration of

B AR AR BN Rl BanuBb8Fe Bast PR e ek of
Slalgleeieteffeulvﬁbhﬁiaﬂeahaglcrrqoref/emﬁng ebbgsw:t . Thus, in

artic enbodi ne . t b hi,|

R0 In Grizia aribodintsnr of B fverbun: Rtk STATA, alone or
S b c8ATbiRAtIANRithdRNEhEthdrSard &ffettilelipl tegting bEpmﬁtmg
of one and six-years old, In another enbodlnent

sme@av i entaimah peRiacin The apimal sybisst fean Fr?é‘ea@ég's in
o r?o Wp%ﬁ?@nﬁ%&atmeﬁt "lfheoé’f'iihkél léa’u%%ect is typically a

mants dmnistration of DHA to dren
benmxmah n@ncagwydpe dnonestig. tana. 2oy sapEsepr ggkanignals, such

f besi t h
R e

cl{o04a48h b‘émmwseﬂtenagmmmis alse dinedtadivts the ysaof DA or

a%RJA?a cfriceec():rt fnvceorh HtisRWitoRE 4 ?N.SP%P@, S’r%ﬂa'fé(ﬁon 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
human or animal neonate. In some embodiments, the animal is in need of
treatment or prevention of obesity.
[00050] The following examples describe various embodiments of the
presént invention. Other embodiments within the scope of the claims
herein will be apparent to one skilled in the art from consideration of the
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 follow the examples. In the examples, all percentages
are given on a weight basis unless otherwise indicated.
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[00048] In certain enbodinents of the invention, DHA
or ARA, alone or in conbination with one another, are

wehb@ciisse in treating or preventing obesity i RCENUS2007/004421

ani mal subject. The ani mal subject may be one that is
in need of such prevention or treatnent. The ani nal
subject is typically a mammal, which may be donesti c,
farm zoo, sports, or pet animals, such as dogs,
horses, cats, cattle, and the like. [00049] The
present invention is also directed to the use of DHA
or ARA, alone or in conmbination with one another, for
the preparation of a nedicament for treatnent or
prevention of obesity. In this enbodi nent, the DHA or
ARA, alone or in conbination with one another, may be.
used to prepare a nmedi candEarhple tir eat nent or
prevention_of obesity in any hunan or jmal n te.
HOUCHT e nHnisvamRle daseriang e reeufsotidbi and A

t IseRbEPAENRIoRTiR ViIRprb ARG Blod9R@mpdsitibA0050] The

foll ow ng exanpl es descri be”various enbodi nents of the
pl0eese] i Methods. Ot her enbodiments within the scope
of | aj 0% rein wll be apparent to one skilled

[ r§°§§§3§r téﬂ&‘dﬂgconsi deration of the specification or
prAdcamioeal sforkeok place abiheaSouthewst Fexlindatienrfor Biomedical

i nt ended, t e speci fd cation. t ther with.th
ieen (BEBE)IReaBR0h ST hotiendRar ARmA bRipeRe mere
sca;mh ?m bs'\rme iShF?Rlatrimecbmarmhmlrﬁw ln?ti'tmﬁirmwlbmare
the ¢l ai i, t he , ex es. . the exanpl es, ..
andube aguton (et ASimal thaGitetslicsdre s atarzed in
otyyi@ise i ndi cated. Exanpl e 1 [00051] This exanple
describes the results of DHA and ARA suppl enentation

i iTahierlovBagopsueesate Sharaaterjshies2] Met hods [ 00053]

fFe at the—Southwest

.ofan . : NN o
T O lrur Bromedr tat— ReSe F thfials DRndi@cat €d 11

Gehter ' - I DI Umeurt
IBoAEhIORA age At BN (days P! VLPig1.89 6.2
Birth weight (g) 860.3 + 150.8
Weight at 12 weeks (g) 1519.1 £ 280.7
Weight gain (g) 658.8 + 190.4

[00054] Fourteen pregnant baboons delivered spontaneously around
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 82°F,
with a 12 hour light/dark cycle. They were fed on experimental formulas
until 12 weeks of life.

[00055] Diets

[00056] Animals were assigned to one of the three experimental
formulas, with LCPUFA concentrations presented in Table 2.
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Tabl e 1.

Baboon Neonate Characteristics [00054]

Fourteen pregnant baboons delivered spontaneously

around 182 days gestation.

Neonat es were transferred

to the nursery within 24 hours of birth and random zed

to one of three diet groups.
encl osed i ncubators until
nmoved to i ndivi dual

st ai

nl ess st eel

cages in a

Ani mal s were housed in
2 weeks of age and then

controll ed access nursery. Room tenperatures were
mai nt ai ned at tenperatures between 76F to 82F, with a

12 hour

l'i ght/dark cycle.
eqabile 22 rEFormily DCRUFAdompogitisreks of life.

They were

fed on

ets [ 00056
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[ 00055]

e

mul a
wer e
ed

gl OtkeaINg variabilitly and/ or possible | osses
uring storage. Control (C) and L[, noderate DHA
[ q00U57 21 Srek BoREAMPAGI hibrd 6t 4 !aé*éh%ww.wabnéﬁrgnd diets

formulas Enfam | (r) and Enfam

r a¥gredormulated pathmexcessdoragcoamt &fmmaiymm and manufacturing
¢ R8P LA Hodtite BOCk el 0RLAHe A1cd i Rch 8hd L.

pmooderate DHAMaundlah ase thekcQommernciallytanailabié hemanNhfant

J8imfie8 wiale A el P Bk R Rk, F6Maia L3 had an

| Repivdlgnt eorscentytion of ARAcCad eksatrdetedntehfe-fold e a
four tipnes da|I t 07:00, 10:00, 13:00 and 16:00 with
arfORggNrAEAg of ~during the first 2 nights. On day 3

angdoos8] 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. Anfmals 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
beybnd, 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
[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 -
[00062] Animals were anesthetized, and euthanized by exsanguination

at 84.57+1.09 days. Blood was collected in EDTA-containing Vacutainer
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beyond, neonates were offered 4 ounces total; when
they consuned the entire anount, the anount offered

woaso7imesseased in daily 2 ounce increnents. NeBOatUS2007/004421

were hand fed for the first 7-1 0 days until

i ndependent feeding was established. [00059] G owth

[ 00060] Neonatal growh was assessed using body wei ght
nmeasurenents, recorded two or three tines weekly. Head
circunference and crown-runp | ength data were obtai ned
weekly for each animal. Organ weights were recorded at
necropsy at 12 weeks. [00061] Sanpling [00062] Animals
wer e anest heti zed, and eut hani zed by exsangui nati on at
84.571 .09 days. Blood was collected in
EDTA- cont ai ni ng Vacut ai nertubes, and red bl ood cells

( RBs®s, aamall r;elcbblrmd\m!le (mmmﬂldsyna wdrels‘apxmatedrby

Eye d

ot ByBaaneBhe Brh heisPoBiE weye réfovergnd
Sirhhfédiét@y M&%&@c’@ds seehgdl R¥rvals SyRRIrh G{G}N@) structures were
neurologlst i ghted, flash frozen in

nPHSSsEER byiAn SXRRTIaNcad neolod welgmsgl fas frargnyn dguid
i rmtw@éﬁ a%tstbeédat B&§°‘G‘ﬁnﬁﬂﬂe9r\‘ﬁ‘er€r nggéé@h?ﬁ]ﬁf ehtitkly.

ventricle and right I1ver |obe were re

t RQttf'@la@d anegram saopdsspf eftswantrclgend gaht iardabe msre
tlggm%kvgheatrgj B IrYel le &cut aneous and visceral adipose
e

tiSsu |ver, Sol ated for DNA microarray 10
eiﬂOQGS] onTlaamsyw'ese cpﬂéét&d]frdmahgsadxele{téDﬁﬁFs}:leT@Jhbutaneous

¢ R R aL AR5 Brsien 50 Wt g e BRI (Y PNA TP @array
(E&M%ssm enptyeizared usi ng sodi um hydroxi de and 14%

b3é8n-éljlfl uor i de (BF3) in nethanol, and 1.5 were
a hr omat ogr aphy (HP 5890 BPX- 70

c deﬁﬁs SGotafMisitis WerEBxtrattbd 9ro'f|2'u§§ué hmdiEnA8s using the

deBSiI%rhl :?r?dd Dglre?\;rlleotﬁgldy Falig/t ;gld ?lsl:lethyl est)ers (FAME) were prepared
using sodium hydroxide and 14% - boron-trifluoride (BF3) in methanol, and
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
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
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
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identities were determ ned by coval ent adduct chem cal
i oni zation tandem nass spectronetry and then

wqueottiobieed usi ng net hyl hept adecanoate as an PaTAISD@IT/004421

standard and response factors derived froman equa
wei ght 20 FAME mi xture. FA concentrations are
expressed as percent weight of total fatty acids from
14 to 24 carbons. [00066] Statistics [00067] Data are
expressed as neanSD. Statistical analysis was
conducted using anal ysis of variance (ANOVA) to test
the hypothesis of 25 equival ent neans for measures
taken at 12 weeks, and Tukey's correction was used to
control for multiple conparisons Fgrnula consumlatlonh
\ght, he g rence, and crown-runp |en
g@gﬁd@g V@\?QPHS\@Q{M f@&t@ Fians NG avithysigeifisanceidadlared
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9065y Caas clared at p<0.05. [00068] Results
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[00071] leer and Heart Fatty Amds

[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
significantly higher in the C group (0.99 + 0.1 3%) relative to L and L3. A
similar, 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
compared to controls. DPAn-6/DHA was significantly elevated for the C
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, heart DHA increased in the L and L3 groups,
2.8 and 3.9 fold, respectively, while DPAN-3 dropped significantly. The
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3.6-fold nore DHA than the C group, respectively. In
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the L group; ARA dropped 14.3% fromthe L to L3 group.
The concentrations of the ARA el ongation product,
adrenic acid (AdrA), were significantly higher in the
Cgroup (0.99 0.13% relative to L and L3. A simlar,
but non-significant trend was observed for

docosapent aenoi ¢ acid (DPA) n-6; |evels were highest
in Canimals, followed by the L and L3 groups. DPAn-3
concentrations dropped 2-fold for LCPUFA ani mal s
conpared to controls. DPAn-6/DHA was significantly

el evated for the C and L groups, conpared to L3, by
dineregagsiin PYARPRerte 38t the exprIRe 0kPEAC ﬂhm@fsﬁteed

ST TA AP O PP pYBA L et bt gegrce

skinotait adid decrgaseddeora S-&) L HudA0ZBH Le&sweid hot different.

he i,ncre in,the L and L3 groups, 2.8
aWE’%!“é %%s%@@ﬂiMI e DPAn- 3 dropped
S[opv7i5) Ca@dpﬂerﬁbﬁt&@r@%ﬁﬁlcaﬁﬂ%@@@ ®BC DMA faF LidRI L3

e ense of SFA, thou e decrease in SFA fromCto L
oupsdi3ifhtandeOnfald.arapates toseUHrals c Ansimnilaritrandyas

a@b&er@se f:ﬁ?ﬁ&%éf meﬁrfc?eéséwb la gnd T BT Fcf#othg (]EPUFA

different. [00074] RBC and pl asma fattv acids
Ssitpplemantad iaseurs.dnaRH dgnt While ARA signifisantiyindgreased from

RS A o BB the 3RS 14 dfun.

[ mmsamm bluy nénasignifidat t&'s(ejncﬂ ()3 nrésmntlfdneARGPplééma I
L3.
*HRHER G, i § raderdfE iqcPeastyrofn (HEoE Py G Y
f (1@_106&1@ gb)md:érf:d;ﬁggémum Ieeg?nﬂBBS{Vﬁfg+dQBM) AdrA is a minor
bRt bifdk (PR G iR Path HRGand paaTe. whersi

. @8¢relzel idabifi Pthealdl gisup BORIPEREN 36 th I
§7r90 g4 éﬂd?ﬁﬂ?’; a mnofq i ongr? bﬁ? ??ﬁggublb%ps

Pd’rfb@§qrweﬂtfﬁﬁonweaﬁ&'@vlﬁ§%tly Rigkeg in RBC of controls.
DPARN-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 control and L animals compared to the L3
group, approximately by 4- and 10-fold.

[00076] Retina fatty acids

[00077] Changes in retinal DHA due to dietary LCPUFA did not reach
significance, though the L and L3 group means were greater than the C

group by amounts similar to previous reports. ARA concentrations were
not influenced by formula composition. DPAN-6 concentrations were
significantly higher in controls compared to the highest supplemented
group, L3. 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,
L3.
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decreased significantly in the L3 group conpared to
the C and L groups. DPAn-6 concentrations were

weigmihissant |y hi gher in RBC of controls. DPAnPBTIUSY®I®04421

were higher in the C group conpared to the L and L3
groups in both RBC and pl asma neasurenents. The
DPANn- 6/ DHA ratio was significantly greater for contro
and L animals conpared to the L3 group, approxinately
by 4- and 10-fold. [000761 Retina fattv acids [00077]
Changes in retinal DHA due to dietary LCPUFA did not
reach significance, though the L and L3 group neans
were greater than the C group by anounts simlar to
previous reports. ARA concentrations were not

Eﬁé@p@ce%,@g fgﬂﬁ;%& conposi tion. DPANn-6

ncent’r gnificantly higher in controls
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h he hi gh I 78
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cer ebr al cortex pr ecentr al rus rimar ot or

cSkpelementagan aimﬁlgéhfmrﬁm lﬂﬁrqaﬁiﬁﬂd%'& lmimtalx@memy 30%
24408043 the LRRG ?.@ érBuBQ nrters‘ﬁlgﬁ ?é\yé@&mlpa@&i td& %oEtrols

groups, respectively nce between

L Boweyves the dﬁfereacep%wganm aadhi 3 wapbprderline significant

shp_% p{;nt ation also significantly increased DHA in
ontal “cortex by 30%and 41%in the L and L3 groups,

r §6@es0] vdtormularidAdrcteasedrDHA in,thb damat hahfka regions

eSS BE EET bR, BRISE 5 5% A0l P

basaicuwdi inferer eolicgluebhowpekt iHbite vaaé maderictablend

| rc1|| erenrcneoI %%Qeﬁ?_gér?é' ?_SSgurgSHsorThe non-significant trends in
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
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 regions. The L
and L3 groups were significantly different in frontal lobe, 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
weeks, supplementation at levels of 0.33% DHA/0.67% ARA and 1.00%
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colliculus and inferior colliculus, however there were
no detectable differences between L and L3 groups. The
woaamsiogssi f i cant trends in putanmen and anmygdal aCT@ISe07/004421
consistent with this pattern. DPAn-6 decreased
significantly and consistently fromCto L to L3 in
all CNS regions. [00081] Wth the exception of two CNS
regions, dietary mani pulation had little influence on
ARA | evel s. Levels of ARA in gl obus pallidus and
superior colliculus were highest in the L fornula
group, but significantly declined 10% w th additiona
formula DHA. [00082] Simlar results for n-3
sufficiency indices were obtained in all brain

regi ons. oTheRgFfAn-G/DI—IAratio was siginifi_cantly .
eﬁgﬁlﬁeﬁy ARE iperaseedheeiesPgefierifuinshslatah mussle and
Ldecidasal! th@'@dr??éi@ﬁ%f ihe iho%d’f%%ﬁtfé@éjgﬁygﬁg%ssue when

significantly different in fr _
pePmpgied te andinsuippiermentadeoatrolegriouipe ul he effectsnef DHA and

| - -

CARURSTIECR SRERISIFT o A VLR bR Tlbnusgy anc
Cefliposiettissue{raetirilisihe DHA ahtSARA supplemedyatidrorar pesmote
LR e T s R NG Y TN -
i egelgw eﬂuschg pfﬁmimsyhmgé ahd%abl&[étllbsrﬁ ki @&égtioltf’(yscl e

an ecr eas [ €SSl on. Q - | N subcut aneoQus

- aHpBSmetatan WitefHE, ARd ARA tRcregseH 408 SKressiaR of
catipoPlectinGh Bkelbtdl mlibeRt sndlebldhseath8RA ?8sdibn bt the

expression suggest cross-tal k between skel etal nuscle
aRgratic IRrtin eceptRr. nEhessresuits avashove mrRable 3.
StaBlegent ation can pronote nobilization of adipose

issue lipid stores while also favorably influencing
skel etal _nuscl e protgfn synt hesi s angExperighéntal Groups
hTiBgueon, suppl ement af Geheni th DHA apgdoffdoll heaeasdd 3
Skefotal Msdcle of adi pargsdndtiint skel gigglg NMUEQlB@ANTS 827
Hecr eased the express| ®Rcebtdd®e hepatic lept|n .
| skeltal Musiee I esul i midHBukiROV® ' N| JHF7Z 3{3.047 | 3.533
Subcutaneous Adipose | Interleukin-15 6.44 5.669 | 3.556
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, IL-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.
3.566 = 2.888).
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Table 3.1 1 Values are Log 2 base values. Thus, a
2-fold change on a log 2 scale represents a four fold

woherrgeossn a | i near scale. For exanple, |L-15 PCT/US2007/004421

expression i n subcutaneous adi pose tissue was nearly
8-fold higher on a linear scale in the control group
conpared with the L3 group (6.444 vs. 3.556 =
2.888).[00085] Discussion [00086] The present study
has shown that increasing DHA fromO (C) to 0.33% (L)
increases DHA levels in all tissues studied, though
the increases in retina, putanen, and anygdal a did not
reach statistical 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
100083l CN¥scussiONf or t he | obes of the cerebral

: _ |

JBGb8S, MRS B SARIPAE LhPAPREF dk 8aGRB 00RO (0) to

iy PBYhidyiiscreases BiHAIleNals iDEl tiseues studigdhtthbughibe
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fsigifi€ance in thedbrésemt stuyC t o L3. The additi onal

' tq L3 19% tisti I

IPBRBPT camietaniRng: oa% it Paamalied Brsds RHA 1 levelsy

oLy iR bYEsstRid fedhRsFbr AN FEGIBRL M tRé ENDeh@kbpBitrithe lobes
Al t hough the present study did not contain a

DHA.

9 das creebrebretter. whetmDHAncreassd campgred fie CPAEPIsRIE was

‘b@&/ﬁ '@dﬁof‘b??é&?e&w%@ ?K‘%Bés@ﬁéﬂ‘é' thadikhs Iﬂbg higher
reastfed vs. erm conpari son. he I'n ntors note

tDEA lewelsmaght furtleenincreasepeatenbDHA tgbraastigdievels. The

RS Bl S B L R LB PSR b 1
dhsavd/aBYofformaito 4t sThé aidditiondl éverease frobh Lob 113 6518%
ores el SaaMeent J8Eal o 1ESRRE ety BEATATRE LY
Fohheakpdakeffdttve fdt imdrealing pregbnttabgwiug BHA. | AMfdsgh the
which were simlar to. .
present study did not contain a breastfed control group, the magnitude of
the increase was sih\ilar 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 L3. This observation
indicates that the leveling off of Iissue fatty acid concentrations in
response to increases in dietary fat’_cy 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
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
between the L and L3 groups. in only the globus pallidus was the non-
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t he hi ghest reported breastm |k |levels. [00088] The
basal ganglia are a set of CNS organs that integrate
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associ ated with executive function and notor

coordi nation. The superior colliculus is a brainstem
structure that controls saccades and al so has cortica
inputs, and the inferior colliculus is associated with
the localization of sounds. Collectively, these CNS
regi ons showed no significant difference in DHA
between the L and L3 groups. In only the gl obus
pal | i dus was the nonsignificant difference in L and L3
DHA of potential biological inportance ( 11%; in the
ot her tissues, DHA increased by |ess than 4% or
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infancy. [00089] Human and baboon breast m | ks contain
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adul t humans, these LCPUFA are nuch nore effici entI\F/
d98089] e dHumamHand habognl breastmilis gointirinAba)n-3 LGP UFA EPA
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t¢onaentiationallgas Ul ywnhaspthieserCBUIRA are caeh mote efficiently

tain th LCPUFAS.. A | e t.hat, ar.e. higher 't han
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exception was retina In o
currently available formulas, and more similar to the L3 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
DHA but rebounds at the L3 DHA level. The exception was retina in which
n-3 DPA increased as DHA increased. EPA 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
equivalent but non-significant pattern was found for the heart. The
present results are consistent with previous data indicating that tissue
ARA concentrations, particularly 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



10

15

20

25

n-3 DPA increased as DHA i ncreased. EPA was at trace
levels in the CNS. [00090] In the liver, RBC, and
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achi eves an Internedi ate value in the L3 group; an
equi val ent but non-significant pattern was found for
the heart. The present results are consistent with
previ ous data indicating that tissue ARA
concentrations, particularly in the CNS are nore
refractory to fornmula ARA than DHA. No changes were
found in the cerebral cortex, retina, putanen,
caudat e, and anygdal a. However, L3 group ARA was
reducedconpared to control in the superior colliculus
and conpared to L irn the globus pallidus. [00091]
eddiodcqrirdin #)e puperirealigius @ndsepmpared to L in the
gﬁa EH% product of ARA that consistently rises in
nta n-3 fatty acid deficiency, and al so drops
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[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.
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)
reciprocally regulate IL-15 expression in skeletal muscle and adipose
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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Changes in tissue conposition by thensel ves' do not
justify alteration of diet conposition, and should be
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i nprovenents in functional outconmes. [00094] These
data al so denonstrate that DHA and ARA ( 1)
reciprocally regulate |L-15 expression in skel etal
nmuscl e and adi pose tissue, which favor increased
nmuscl e mass and oppose excess adi posity; (2) reduce
expression of the hepatic leptin receptor, thereby
pronoting greater satiating effects of circulating
leptin; and (3) increase the expression of skeletal
nmuscl e adi ponectin receptor, which enhances fatty acid

oxi dation and insulin sensitivit 00095]
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fetal and neonat vvnregul ation of S

%pénmmﬁmhrﬁ@egw@m@n This @éﬂ%ﬁ@anafqrwqmai fetal
%fgﬁ nssh abgr% AHGwhyuldticn B?sd@wb{mg@farg itk 1‘h

mto eate COI’TpOSItIOﬂO triglyceri des an

as@npmewee of de mono fatbsacid synthsis bydAsNdABAA The net
G S U B RO B3I PR A anc
efdipoctytes] yn Mprmtcﬁmdwvmneapmbém keveldrgauitedtie
BRAARERe b e e TR R, rEeBPShFy Byt mighegiovets of
doiHAoMSrd eﬁé&tn*/@ly Isephpeess die nbwolpbgangsm@ pAdrdlote more
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qobobeRt | THe bt 2e 8@ 8PAI bfthese 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.

[00097] Ali 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
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 reseNe the right to challenge the accuracy and
pertinence of the cited references.

[00098] Although preferred embodiments of the invehtion have been
described using specific terms, devices, and methods, such description is
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T : WP pe of the appended cl ains
§ﬂ%ﬁ$ﬁgég?n%§ﬁ??ﬁb%%éeggq?ﬁggdescription of the
preferred versions contained therein.1l. Use of an
anmount of DHA and ARA in the preparation of a
conposition for preventing or treating obesity in a
subject. 2. The use according to claim1, wherein the
subject is in need of such treatnent or prevention. 3.
The use according to claim1, wherein the ratio of
ARA: DHA, by weight, in the conposition is from about
1:3 to about 9:1 .
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4. The use according to'claim1, wherein the ratio of
ARAI DHA, by weight, in the conposition is about 2:1 .
w6 2007heosse according to claim1, wherein the parius20f/004421

ARA: DHA, by weight, in the conposition is about 1:1
.5. 6. The use according to claim1, wherein the
subject is an infant. 7. The use according to claim®,
wherein the conposition is adm nistered to the infant
during the time period frombirth until the infant is
about one year of age. 8. .The use according to claim
6, wherein the conposition is an infant fornula. 9.
The use according to claim@8, wherein the infant
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7. The use according to claim 6, wherein the composition is
administered to the infant during the time period from birth until the infant
is about one year of age.

8. . The use according to claim 6, wherein the composition is an
infant formula.

9. The use according to claim 8, wherein the infant formula
comprises DHA in an amount of from about 15 mg to about 60 mg per 100
kcal infant formula. '

10.  The use according to claim 8, wherein the infant formula
comprises ARA in an amount of from about 25 mg to about 40 mg per 100
kcal infant formula.

1. Use of an amount of DHA and ARA in the preparation of a
composition for increasing the lean muscle mass and decreasing the
adipose tissue of a subject.

12. Use of an amount of DHA and ARA in the preparation of a
composition for increasing the lean muscle mass and decreasing the
adipose tissue of an infant, wherein the ratio of ARA:DHA, by weight, in
the compaosition is from about 1:3 to about 9:1.
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conmposition for upregulating the expression of IL-15
in a subject's skeletal nuscle. 16. Use of an anount
wohoDHAosmmd ARA in the preparation of a conposPpCTas2006/004421
downregul ating the expression of IL-15 in a subject’s
subcut aneous adi pose tissue. 17. Use of an anount of
DHA and ARA in the preparation of a conposition for
upregul ati ng the expression of adi ponectin in a
subj ect's skeletal nuscle. 18. Use of an anmount of DHA
and ARA in the preparation of a conposition for
downregul ating the expression of the hepatic leptin
receptor in a subject. 19. Use of an.anount of DHA in

t agatian, pof. composi tion. fqr preyenting or
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according to claim2 1 , wherein the child is between
tempeRiton fopHeregwRtingthpeexrregsioaqd Lot infa subiact’s skeletal
qﬁgg&gi_ ng to claim2 1, wherein the child is between

the ages of about seven and twel ve years of age. 24.
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17. Use of an amount of DHA and ARA in the preparation of a
composition for upregulating the expression of adiponectin in a subject’s
skeletal muscle. '

18. Use of an amount of DHA and ARA in the preparation of a
composition for downregulating the expression of the hepatic leptin
receptor in a subject.

19. Use of an.amount of DHA in the preparation of a
composition for preventing or treating obesity in an infant.

20. Use of an amount of ARA in the preparation of a
composition for preventing or treating obesity in an infant.

21. Use of an amount of DHA in the preparation of a
composition for preventing or treating obesity in a child.

22. The use according to claim 21, wherein the child is between
the ages of one and six years of age.

23. The use according to claim 21, wherein the child is between
the ages of about seven and twelve years of age. '

24. The use according to claim 21, the composition additionally
comprising ARA. ‘

25. Use of an amount of ARA in the preparation of a
composition for preventing or treating obesity in a child.
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