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rate throughout the first year of life. This period of brain growth 1s critical because once
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{0803] Numercus studies indicate thai breast-fed infants achieve better cognitive
development and attain higher scores on intelligence tests than bottle-fed babies. See,
e.g., Mortensen et al., JAMA 2002; 287:2365-2371. For example, intelligence quotient
(IQ) has been shown to increase in infants receiving a longer duration of breastfeeding,
particularly in low birth weight infants. See, e.g., Anderson et al., Am. J. Clin. Nutr.
1999; 70:525-535.

{3084] Complex lipids from gangliosides, as well as long-chain polyunsaturated fatty
acids (LCPUFAs) such as docosahexaenoic acid (DHA), are present in human milk and
have been implicated in the improvement of visual acuity and cognitive ability in
children. See, e.g., International Publication No. WO 2009/051502 Al and Gibson,
Lancet 1999; 354:1919-1920. However, other components of human milk might be

important to brain growth and development of a fetus or child. These factors, such as
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[0007] A mother's increased intake of some nutrients (e.g., docosahexaenoic acid) can
benefit her child's brain development. However, there has been no evidence that the
quantity of sialic acid a mother naturally makes is inadequate. As shown in the
Examples, maternal supplementation with sialic acid clearly resulted in developmental

benefits for a fetus or child, suggesting that maternal supplementation with sialic acid is

needed. The present invention addresses this need by providing sialic acid which can
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BRIEF SUMMARY OF THE INVENTION

[0010] The present invention is directed to compositions and methods for providing
sialic acid to a female, comprising the administration of sialic acid to the female during
at least one of the stages of preconception, pregnancy and lactation. In some
embodiments, the sialic acid provides a developmental benefit to a fetus or child of the
female. In some embodiments, the sialic acid is a free sialic acid. In some
embodiments, the sialic acid is selected from the group consisting of: oligosaccharide
conjugates, lipid conjugates, protein conjugates, and combinations thereof. In some
embodiments, the sialic acid is selected from the group consisting of: 3'sialyllactose,
gangliosides, and casein glycomacropeptide. In some embodiments, the sialic acid is in
the form of n-acetylneuraminic acid.

[0011} In some embodiments, the sialic acid is a sialic acid precursor that is
metabolized into sialic acid. In some embodiments, the sialic acid precursor is selected

from the group consisting of: N-acetylmannosamine, N-propanoylmannosamine, 2-
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[0014] In some embodiments, the sialic acid is administered to the female in a dosage
form. In some embodiments, the dosage form is selected from the group consisting of:
nutritional supplements, foods, pharmaceutical formulations, beverages and
combinations thereof. In some embodiments, the dosage form contains sialic acid at an
amount of 0.01% to 10% by weight of the dosage form. In some embodiments, the
dosage form contains sialic acid at an amount of 10% to 90% by weight of the dosage
form.

[0015] In some embodiments, the sialic acid is administered to the female at an amount
of 5 mg/kg/day to 200 mg/kg/day of the female's body weight. In some embodiments,
the sialic acid is administered at an amount of 25 mg/kg/day to 100 mg/kg/day of the
female's body weight. In some embodiments, the sialic acid is administered at an
amount of 20 mg/day to 4000 mg/day. In some embodiments, the sialic acid is
administered at an amount of 200 mg/day to 2000 mg/day.

[0016] In some embodiments, the methods further comprise administering the sialic
acid to the female in a dosage form comprising sialic acid and an excipient. An
excipient can be, for example, one or more of polyunsaturated fatty acids, calcium,
folic acid, vitamin E, tocotrienols, vitamin D, magnesium, phosphorus, vitamin K, iron,

vitamin B12, niacin, thiamine, riboflavin, biotin, vitamin B6, and isoflavones, zinc,
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i nvention wiFYP®¥ % pre ful Iy understood and appreciated by the fol | owing
Detail ed Description in conjunction with the acconpanying draw ngs.
[O018]FIG 1 is a : i LGt r lLalbig,acid famly.
[0019] FIGS. 2 and ?ﬁﬁ%&mﬁébﬁﬁ%w@%@ﬁmw ving sialic

aci d- supplenented diets, the effects of which are described in the

Exanpl §9017] The present invention will be more fully understood and appreciated by the
following Detailed Description in conjunction with the accompanying drawings.
[0018] FIG. 1 is a schematic depicting members of the sialic acid family.
[0019] FIGS. 2 and 3A-3B show the dietary regimens of rats receiving sialic acid-

supplemented diets, the effects of which are described in the Examples.

[0020] FIGS. 4A-4B show the effects of maternal sialic acid supplementation on the
expression of myelin basic protein (MBP), normalized to B-actin expression, in the
brains of the developing offspring (rat).

[0021] FIGS. 5A-5C and 6A-6B show the effects of maternal sialic acid
supplementation on neurite extension in cultures of hippocampal cells derived from the
offspring.

[0022] FIGS. 7A-7C, 8A-8D, 9A-9B, 10A-10D, 11A-11B and 12A-12B show the
effects of sialic acid supplementation on the thickness (FIGS. 7-11) or levels (FIG. 12)
of MBP expression in specific regions of the developing rat brain.

[0023] FIGS. 13A-13B show NANA and Neu5Gc concentrations in cerebrospinal fluid
(CSF) following NANA administration.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The present invention provides methods and compositions for improving
female, fetal and/or child health and development through nutritional supplementation
with, for example, sialic acid. In some embodiments, sialic acid can be administered to
a female before, during and/or after pregnancy to improve the health and development
of a fetus and/or child, including the developmental benefits described further herein.
The sialic acid can be in a variety of forms in the supplements, including the dosage

forms described further herein.
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includes an individual or subject that is attempting to become pregnant.

[0027] As used herein, a "maternal supplement" of the present invention can be
administered to and useful for any female described herein.

[0028] As used herein, "breastfeeding" includes, but is not limited to, feeding from a
female's breast (e.g., nursing) and feeding a child breast milk from a bottle (e.g.,
bottlefeeding). This includes a female who both breastfeeds and feeds infant formula to
her child (e.g., partial breastfeeding).

[0029] As used herein, the term "sialic acid" refers to any member alone, or in
combination with one or more other members, of the known family of derivatives of
the nine-carbon sugar neuraminic acid. This term includes any sialic acid substitutions
or variants and any precursors for sialic acid known in the art and described herein.
This term includes conjugated and non-conjugated forms of sialic acid and free sialic
acid. In some embodiments, the sialic acid is N-acetylneuraminic acid.

[0030] As used herein, "sialic acid supplementation" refers to administration of sialic
acid to a female resulting in a developmental benefit for a fetus and/or child.

[0031] As used herein, a "precursor of sialic acid" or "sialic acid precursor" refers to a
compound that is metabolized to form sialic acid. In embodiments, a sialic acid
precursor can include, but is not limited to, N-acetylmannosamine, N-
propanoylmannosamine, 2-keto-3-deoxynononic acid (KDN), N-glycolylneuraminic
acid (Neu5Gc), the core sialic acid neuraminic acid molecule (Neu), and combinations
thereof.

[0032] As used herein, a "developmental benefit" refers to an improvement in a factor
related to the development or growth of a fetus or child. Developmental benefits of a

fetus or child can include one or more of, but are not limited to, enhanced nervous
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I'n tract, or other white matter tracts as described above but not limited to the above), and
enhanced hippocampal development, as described further herein.

[0033} As used herein, "preconception” refers to the period during which a female is
attempting to become pregnant. In some embodiments, administration of sialic acid
during preconception is useful for the period of time from conception to when a female
realizes she is pregnant or when a pregnancy is confirmed.

[0034] As used herein, the terms "pregnancy/gestation," "pregnancy" and "gestation"
refer to the period of time from conception to the delivery of a fetus. The stages of
pregnancy/gestation include stage I (the first trimester), stage II (the second trimester)
and stage III (third trimester).

[0035] As used herein, the terms "lactation/postpartum,” "lactation" and "postpartum"

refer to the period of time from the delivery of a fetus to approximately two years after

delivery or to the time that breastfeeding is stopped.

Sialic Acid

[0036] Sialic acid includes a family of over 50 known derivatives of the nine-carbon
sugar neuraminic acid (5-amino-3,5-dideoxy-D-glycero-D-galacto-nonulsonic acid).
See, e.g., Schauer, Glycoconj. J. 2000; 17:485-499 and Fig. 1. As an individual
compound or moiety, sialic acid is a 9 carbon amino sugar, the structure of which is
readily described in the chemical literature. See, e.g., Kontou et al., Biol. Chem. 2009,
390:575-579. One branch of the sialic acid family is N-acetylated to form N-
acetylneuraminic acid, which is the most widespread form of sialic acid in humans.
See, e.g., Kontou et al., Biol. Chem. 2009; 390:575-579. Other generally accepted
names for N-acetylneuraminic acid include sialic acid; O-Sialic acid; 5-Acetamido-3,5-

dideoxy-D-glycero-ft-galacto-2-nonulosonic ~ acid;  5-Acetamido-3,5-dideoxy-D-
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Exemplary sources include, but are not limited to, sialic acid in monomeric or linked
forms such as monomeric N-acetyl-neuraminic acid or polysialic acid; sialic acid bound
to a protein such as casein glycomacropeptide or mucin; sialic acid bound to a
carbohydrate such as sialyllactose or sialated bacterial capsular polysaccharides; and
sialic acid bound to a lipid such as a ganglioside. In some embodiments, the sialic acid
is not bound to a protein, carbohydrate or lipid. In some embodiments, the sialic acid is
not bound to a protein. In some embodiments, the sialic acid is not a carbohydrate. In
some embodiments, the sialic acid is not bound to a lipid. In some embodiments, the
sialic acid is not part of a ganglioside or other glycolipid.

[0039] In some embodiments, sialic acid can be provided by providing a precursor of
sialic acid that is metabolized to sialic acid. In some embodiments, a sialic acid
precursor can be N-acetylmannosamine, N-propanoylmannosamine, 2-keto-3-
deoxynononic acid (KDN), N-glycolylneuraminic acid (Neu5Gc), the core sialic acid
neuraminic acid molecule (Neu), or combinations thereof. See, e.g., Kontou et al.,
Biol. Chem. 2009; 390:575-579; and Gagiannis et al., Biochim Biophys Acta 2007,
1770:297-306. »

[0040] In some embodiments, suitable sialic acid sources can be either natural or

synthetic, and can include any of the naturally occurring and currently identified sialic
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with 0- compounds can also include, but are not limited to, any one or more of the several

glycoproteins commonly found in human milk that are known to be sialylated (e.g.,
kappa-casein, alpha-lactalbumin, and lactoferrin).

[0043] In some embodiments, suitable sources of sialic acid can include isolates,
concentrates, and/or extracts of mammalian milk or milk products, including, but not
limited to, human and bovine milk. In some embodiments, bovine milk can be a source
for use herein, including, but not limited to, enriched whey protein concentrates as
described herein. In some embodiments, individual sources of sialic acid suitable for
use herein can include, but are not limited to, Lacprodan CGMP-10 (casein
glycomacropeptide with 4.2% sialic acid), available from Aria Food Ingredients,
Denmark; and Biopure glycomacropeptide (with 7-8% sialic acid), available from

Davisco Foods International, Eden Prairie, Minn., USA.

Dosage Forms

[0044] In some embodiments, sialic acid can be administered to a female in a
composition or dosage form such as a nutritional supplement, food, pharmaceutical
formulation, beverage or combinations thereof. In some embodiments, a dosage form
is a food, beverage and/or nutritional supplement. In some embodiments, the dosage
form is a food and/or beverage. In some embodiments, the dosage form is a food. In

some embodiments, the dosage form is a nutritional supplement, including, but not
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dosage forms are well known to persons of ordinary skill in the art.

Sialic Acid Administration and Dosages

[0047] The amount of sialic acid in a dosage form can vary according to factors such as
the disease state, age, sex, and weight of the individual or female. Dosage regimens
can be adjusted to provide an optimum sialic acid supplementation and/or
developmental benefit. Dosage regimens can also be adjusted to contain varying levels
of one or more sialic acid. In some embodiments, the varying levels of sialic acid can
be adapted for each stage of preconception, pregnancy or postpartum. The
specification for the dosage forms of the present invention can be dictated by or directly
dependent on, for example, the unique characteristics of a particular sialic acid and the
particular developmental benefit to be achieved.

[0048] In some embodiments, a dosage form useful in the methods of the invention can

contain sialic acid in an amount of at least 0.01%, at least 0.1%, at least 0.2%, at least
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P xample can be a food and/or beverage. In some embodiments, a dosage form can

contain sialic acid in an amount of 0.1% to 10% by weight of the dosage form and, for
example, can be a food and/or beverage. In some embodiments, a dosage form can
contain sialic acid in an amount of 1% to 5% by weight of the dosage form and, for
example, can be administered in a food and/or beverage. In some embodiments, a
dosage formi can contain sialic acid in an amount of 0.01% to 1% by weight of the
dosage form and, for example, can be administered in a food and/or beverage. In some
embodiments, a dosage form can contain sialic acid in an amount of 0.01% to 99% by
weight of the dosage form and, for example, can be administered in a food and/or
beverage.

[0050] In some embodiments, a dosage form useful in the methods of the invention can
contain sialic acid in an amount of 10% to 90% by weight of the dosage form and, for
example, can be a nutritional supplement. In some embodiments, a dosage form can
contain sialic acid in an amount of 20% to 80% by weight of the dosage form and, for

example, can be a nutritional supplement. In some embodiments, a dosage form can
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acid in an anount of at | east at | east 1% at |least 0.2% at | east
WO 2011/ 11293P0R0USRKEIdy2 30 dst li’i mg/kg/day, at least 130 mg/kg/day, at least 135

mg/kg/day, at least 140 mg/kg/day, at least 145 mg/kg/day, at least 150 mg/kg/day, at
least 155 mg/kg/day, at least 160 mg/kg/day, at least 165 mg/kg/day, at least 170
mg/kg/day, at least 175 mg/kg/day, at least 180 mg/kg/day, at least 185 mg/kg/day, at
least 190 mg/kg/day, ét least 195 mg/kg/day, or at least 200 mg/kg/day of the female's
body weight, and useful ranges can be selected between any of these values, e.g., from
2 mg/kg/day to 200 mg/kg/day, 3 mg/kg/day to 200 mg/kg/day, 5 mg/kg/day to 200
mg/kg/day, 10 mg/kg/day to 175 mg/kg/day, 25 mg/kg/day to 150 mg/kg/day, 50
mg/kg/day to 100 mg/kg/day, 5 mg/kg/day to 75 mg/kg/day, 10 mg/kg/day to 75
mg/kg/day, 3 mg/kg/day to 50 mg/kg/day, and 25 mg/kg/day to 50 mg/kg/day.

[0052] In some embodiments, the amount of sialic acid useful in the methods of the
invention can be at least 20 mg/day, at least 25 mg/day, at least 30 mg/day, at least 35
mg/day, at least 40 mg/day, at least 45 mg/day, at least 50 mg/day, at least 55 mg/day,
at least 60 mg/day, at least 70 mg/day, at least 75 mg/day, at least 80 mg/day, at least
85 mg/day, at least 90 mg/day, at least 100 mg/day, at least 110 mg/day, at least 120
mg/day, at least 125 mg/day, at least 130 mg/day, at least 140 mg/day, at least 150
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[0056] In some embodiments, a child is exposed to sialic acid by feeding the child an
infant formula containing sialic acid. In some embodiments, a child is exposed to sialic
acid by feeding the child breast milk containing sialic acid, wherein the breast milk is

from a female receiving sialic acid supplementation as described herein. In some

embodiments, a child is exposed to sialic acid by feeding the child breast milk



[ 0055] I n sone enbodi nents, a fetus is exposed to sialic acid by
admnistration of sialic acid to a fenale pregnant wwth the fetus. In sone
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sialic acid. In sone enbodi nents, a conposition or dosage formof the

i nvention conprises sialic acid and infant fornula. In sonme enbodi nents a
dosage fowoneani120A® 2011/ 112913PCT/ US2011/ 028068 - 16 - PCcomseéidm2sabs | east
0.1 ng, at least 1 ng, at least 5 ny,-&6-1east 10 ng, at |least 15 ng, at

| east 20 ny, at | east 25 ng, at least 30 ng, at least 35 ng, at |east 40

ng, at |east 45 ny, st 50

t 55 t. 60
| east 65 g, CORPIISERS easftd) g’é‘{lqggals’?lgﬁt %}t Sa{flg’rt’gaesatg %S%Zat Q?Stqgé'g% %5

ng, at |east Q0 2@% At b&ass n?é a'%r%astaﬁo hf%a%& 1e119c035ﬂﬁ at1chRaDtmA OR 168 48t
| east 110 ngy, at | edst 115 ny, | east 120 nm, east 125 ng, at |east
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sialic acid, 1r‘r?tol ng _mI;tOSOOm% r’rgof sialic
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a day, at | dastt 1{5900rmpj aresash lg@y) mgt atllesstl, 7K)D\mg,tat Mt 4.80aymg, att 1¢assP0Bi x
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sonme enbodi nents, age formrs admniStered to emel e from oAce to

five tinmes aﬁ(lﬂ)ayg, lllmgstoﬂr@O mgm”chlamrﬂcsi, Smgﬁsﬂ@mgfocﬁslatllp sciddhi miggo dP ez, 100 t he
femalefromoetot%eet .day. Benefits of Sialic Acid
Suppl enent atToRe[Dbs dinents, a female in preconception,

pr egnanggégest at i @roffe &@&Hﬁhé&@lmamohﬁ% h@ARINrBd tSihalfémald @l fast once
suppl enent ation can realize devel opmental benefits for a fetus and/ or

child. In sondayerbbdstnentess dehat travicthgsrtinesad disrabldast ountipes narﬁ@ryoaﬁéaast
nervous syst row h an devel oprent rowt.h of n.

enbodi nent s fe‘fehtgmﬁfe?\llgﬁyoﬁ%ﬁ%t R ?%y’ 8%11(r%a%g’eYerrrlﬁlrn(1)e\/sea it Oatqe%lt el§h LimE el
performance,d.ganl ic@st @hé @Wﬂaﬁform@flém{ te@0@RNES b\dayS Kinl dofne s ddmests ot or
skills, or earlier attainnent of normal notor skills. In sonme_enbodi nents,

the devel oprﬁbﬁ@% foyenist pdmigistered to the Famealem opgs &y ésvetimes @ dae B 80THC t hat
can incl ude dlrhgntg' d!)éag]e ti&%‘l §PadrMstered to the female from once to five times a

day. In some embodiments, a dosage form is administered to the female from one to

three times a day.

Benefits of Sialic Acid Supplementation

[0061] In some embodiments, a female in preconception, pregnancy/gestation or
lactation/postpartum receiving sialic acid supplementation can realize developmental
benefits for a fetus and/or child. In some embodiments, the developmental benefit can
be improved nervous system growth and/or development or growth of the brain. In
some embodiments, the developmental benefit can be improved cognitive performance,
earlier attainment of normal cognitive skills, improved motor skills, or earlier
attainment of normal motor skills. In some embodiments, the developmental benefit

* can be a structural improvement in the brain that can include, but is not limited to, one
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of the brain (e.g., cerebral cortex, cerebellum and all known nuclei of

the brain). betheowspisorallaaier e datarsl oHactasyErGphermelor paiends, shapeduiary

known to persons. pf o kigl | r
Neur oc hemIo 2@691“1 C%O: %fifgr @%é’x'r %&H%ﬁrbﬁf rtnggij Ia; Fﬁl V&}H{e éerrlr%:ghﬁi§§@.e%%gs !&%86;
29:143-156; ibsivediC hiln asginSadnetiodimentie thico cleesiopROftd; brkefit2 dn 3[6)9)enh;|ﬁd:ed

descri bed, for exanple, in_the Exanples. [0062] |In sone.enbodi nents,

devel oprent afevBkREINt of ¢hg h&l@&%}&p%é@?% ew@ﬁltl €8] laﬁlu(l% Ipgreasgdl p?ﬁa%%fﬁﬁa)/) in
the brain ofy c nauk

wth sialic aeté\?gensﬁﬂgﬂd %%h%at%?ézr?u%ng el|%ncr gﬁ gg%ggﬁ at e(L,last %&glﬁ%@l east
0.02% at | mﬂvﬁl 10384 bat elhaastindht 04 thesamehamst cad. K&:ﬁ%anytgrdmatter&eglﬁﬁ’wf at

| east 0.07% | east 0.08% .at | east 9% at |.east 0.1% | east .Q. 2%
Lt east 0. 4be bl Lagr Sl Saiagereopigy, ag IEAB0VE Benleinyt EaBIB) T0n
at |east 0. 8UuRks |f&aﬁételqm%1{9g e ﬁ&i@ﬁ)&)nﬁexﬁal HenbBHre W6 Rhow£aS tped¥ns A
| east 4% at |east 5% at |east 6% | east 7% at | east 8% at | east 9%
at | east 10%rdaary daﬂtlnlth%aﬁatege@gkdem%ndaKlmedsNea@%enat200éa§0 9799988at

| east 15% | east 16% | ea 7% t, .189% Iea 1 %, at | east
20% at | easyOBYR &2 re/a es1. /% éﬁ]b tﬁééaé(’d??,gg 1&% %aﬁ‘o % ) 5504
at | east 26%eabcleashod &h 291300n8id &3 baaL fdr%ﬁ%gl%%@théﬂixhﬁﬁﬁ& 30% at

| east 31% at |east 32% at | east 33% at | east 34% at | east 35% at | east

36% atl0peAst 370/13:1 spme eradelsws%s atdeveapmergabpengfit u%mreaa@b/@etmte lexigBSi0m 50
at | east 50% Ieast 5 0/ |.ea 609 st 65‘V fast 70% . at

| east 75% qe g;%ocggg)/a a t ee‘grs §g5 © Cﬁﬂ (téraée 8 0ore a eas{ltslfiﬂ%?tg
conpared to d&@éhrsiohewﬁhtsiﬂﬁd a¢ld Wubpleiiensitiah i i€ m&meaugphtemﬁtt 8101 %).at Usat ul
ranges can be selected between any of these val ues]i e.?.gé neurite extension

with sialic %3 gupst 88 &t 19pt Cadrobd et Pdagedt 18k least O\iRo, at

s 31 SR R AER Ry g Ml BBt AL 1
to 0.5% 0. Qadt 0G%).a2 UeasHr 0. 6%1%1%@O.Matmmat%%daﬂeasn@m%teelcemt E%S:iltdéhst
w thout sialic acid suppl fment ation. ILn so iments, increased neurite

ext ensi on i £ /AeddEAstd byt Wc@ﬁtl%ﬁérﬁ &t R;Stf%’ th%ashg%, dhlegpieltps atdeast
mar ker, MapZa; JiRe 30710 eiodt Wt & leés@(fﬁ‘? §1elga§'ﬂqu% ta?le@@%tlﬁ'%s LPRa&ESY LE

fromthe admnistration of sialic acid t femal'e during preconception
and/ or pregreasty6%l at kastd 7&6ylnd dianehi%, ati lna:st éa%edt leesir2Otg aei(etaem%]i%mtrlmul ts

Som enbodi menta 19nLT DasedShEetfa BClekyaes R pERp o kPt 1655 s, ' "

adm ni strat i @naef 29@/'6 aHt 'lé?astaﬁ)")@ &%&hﬂ%,@ﬁ%ﬁ @'2%,' fAeddt wnaﬁqyasﬁWA)ﬂﬁtleéiﬂ“ ng
| actation. In some enbodi rrents i ncreased neurite extension results from

the admi ni st35%b.iaheast 36%.attileashd 7%, @ble@ﬂﬁé?gf/teﬁhleéstcﬁ?t"/b,wg1¢8at4%i @dricashd5 Yot

ncr oased oy B 5P ool HeblsRRa ERPAPAT beeses e T sl DR o or

fetus. In s@mes, emtwghgmt;ﬁ 1eamw>@@me&astqm%ncdrmrézrtamauﬁ% ttensivh @Fithollf ai N,
cerebel lum corpus call osum_ frontal and/or rostral corpus callosum mddle

corpus cal | gilimacis ppisercaiBripns Usell] tagen adgssiaetcd hetwegn angpf Biescactunsy
Lract. rotote eudithe BALINEYSim SIS ALY AU RN RSy, FBIRL DAY, 1
and/or medi al 1em1| scus sialic ac supplenentation is i nereased

at least 0.01% at |least 0.02% at |east 0.03% at |east 0.04% at Ieast
0.05% at least 0.06% at least 0.07% at |least 0.08% at |east 0.09% at
|l east 0.1% at least 0.2% at least 0.3% at |least 0.4% at |east 0.5% at
| east 0.6% at least 0.7% at least 0.8% at least 0.9% at |east 1% at

| east 2% at |east 3% at |east 4% at |east 5% at |east 6% at |east 7%
at least 8% at least 9% at least 10% at |least 11% at |east 12% at

| east 13% at | east 14% at | east 15% at | east 16% at | east 17% at | east

A NN 7 o, A NN 7 o, NN 7 o, ~NA N7 g, NN 7 g, NN 7



- 19 - to 10% 1%to 5% or 5%to 20% conpared to MBP expression w thout
sialic acid supplenentation. In sone enbodi nents, MBP expression is
measur ed WY 20nvmizadyt ochem stry. [0064] I n sone enbodi nerC3juscoianeswsed MBP
expression results fromthe adm nistratg§oen of sialic acid to the fenale
during preconception and/or pregnancy. In some enbodinents, increased MBP

[ts f t 1 Ni | f t |
Gur ng_ | act Al 09 Ido R e b eav%: Yoy Sheets im0 dPus®: wte LR S
from the admgj sy phad @sﬂs%f 0D1& tF 1%0'0%1% 14 lossof el € @us bGP ePRRCY.280d

not during |actation. In Sone enbodiments, increased MBP expression results
from the adndamistredattbonewdte sextbagoracvidhaus sihkc fasndil sipdlenientptioact ani semeand

not during pr 006 | n, some enbodi ment MBP ex Si 0

O o Lod PRRRYs intreamebie R B Y ey DR P EREh R St e,
corpus cal | ggmn- gpedi AcNRafRFPMEpEAl 1RSBMe drAb&RTiAbnS] frREdaSddy néurAe lexRASHAT
m dl i ne cor pus cal'l osum decussa?l on conpared to NVBP expressi on w t hout

sialic acid @uﬂblfmmrﬁhca@dmlnilstllahogOﬁﬁaméTQ@mfgmamﬂr@gﬂﬁ@@@Wm%aﬂﬁ/m
sialic acid su Ierrenatlonlsmcresedl t.h [P | | t
corpus cal | o%rﬁgqonﬁ?’dl ﬁ SO S0 %lgﬁngsd%cre i eﬁ%%e #‘acnt%fcj)})r y&tss{rfggctffogl?l /[l

m dl i ne cor pugnigRtrhest oY dREVSSAL tdthe fthld Junog ladfeﬁfoﬁaSBﬂscbrﬁe tehdoddicats,
out put pat hways, sensory input pathways, notor pyrands and/or medial

| ermi scus conpEpred ne@rlwt@n@mne@gwl@nfrw% a@mmls&tﬁﬂen&é SIS @sis) terfin faamalen.
I'n some e”booq{ B Br2endES B %«?%ﬁhﬂg u@t&t{blns ;:gl'r éoqneagfnp?&w%msem%agéd RlLritS

i ncreased in pus call'osum Tostra pus calTosum’ mdline corpus
cal | osum | agxesmslonolehulat oy the adimidstedtion ofi ddlicn&id or thesfeamld dsing lactation
decussation, and is not increased in the notor output pathways, sensory

i nput pat hwaay%1 nowBRidhe PRFBSHACYs and/ or medi al | emi scus conpared to MBP

expr es vm t hou u t I
: Ih @P@nglﬁbéﬁh@n& Bm&%gﬁéhfap'gen@?qs iNGesse@liével6f th Pﬁn

admi n| d to t uring pregnancy. In sonme enbodi nents,
expr essi on viaste sotelin ¢MBH) dn ship pradmrehtlat clohl ois fatuse r baswede embodiecotss pBP

cal losum rostral. corpus, cal] osu m.dl.i orpus cal | at er al

ol factory t r&Pressifn/ BihsPa &?eg 2o f)lﬁsbr%lﬁi F%gtlﬁ“%%cgﬂg’élétciaﬂ%]unhraﬁ?r]iwg apdor

i ncreased i Nokdg J 8§5 rca%gtuﬁytmlaaremwﬁ,caﬁ@gﬁﬁp&mahﬂ@a@ma@wm&@ debsStion,
pyram ds and/ or ial | emiscus conpared to MBP expression wthout si alic

aci d suppl erﬂathétOﬂfattor)amtt,tmetos paiputpailewalys, sengolyi lhplsitp@ﬂmiﬂysmﬂqép?rémse
during pr egn 1%?@ t %gcrulgﬂg‘ﬁ* act {;;at%noﬁl,[tgp?e a 1051101rgeln%pé310d nattsl 2 I%/B

expressi on vﬁ reased e ereb8& 1 um

conpared to (b\@me%tnew@ 91029, Wit 1daeuo. 0§%ahﬂ 1easd©i (%, WDleast 0. 05%, at least 0. 06%, at
2011/ 112913PCT/ US2011/ 028068 - 20 - Bféﬂerrent ation. I n sone enbodi nen

MBP expr essiloast Wi07fo, st keaptc). %ﬁ:%da@%ﬁﬁb@ ERen tElersHA- 1% 4t frastehidedati Inast ﬁé%a at’
bel | bal 0 bat
corcrel| U corpyy 28 10468 SEP 5| S 1ol o1l oLy L ammyeton

MBP expr essi @ikt W4, hut $dasd 2%, acClegst SOR P @fﬂi@trn%t atOIBaSt§% rw:ﬂ@ais@% atrleadn &%, at
cerebel  um conpar ed to MBP expr essi on vmt hout sialic_acid supplenentation,

and the si allrest 8 htileashrd, it éqaéfr Eogat leay Ilaetadeash 1At 2hisestgld prgy least

pregnancy. 14%, at least 15%, at least 16%, at least 17%, at least 18%, at least 19%, at least 20%,
at least 21%, at least 22%, at least 23%, at least 24%, at least 25%, at least 26%, at least
27%, at least 28%, at least 29%, at least 30%, at least 31%, at least 32%, at least 33%,
at least 34%, at least 35%, at least 36%, at least 37%, at least 38%, at least 39%, at least
40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 100% compared to MBP
expression without sialic acid supplementation. Useful ranges can be selected between
any of these values, e.g., MBP expression with sialic acid supplementation can be

increased by 0.01% to 100%, 0.01% to 25%, 0.1% to 25%, 1% to 25%, 1% to 20%, 1%



[ 0067] I n sone enbodi nents, the sialic acid admnistered to a fenal e at

| east in part crosses the blood brain barrier. In sonme enbodi nents, the
sialic acwoadmiimistered to a female is N acetyl neuram RCT/UBeo1d/0ESANA) |
which at least in part crosses the bled®-brain barrier. In sonme

enbodi ments, the sialic acid admnistered to a female is NANA, which at

least in part js copverted ing Gc in non- n animals..In some .
enbodi nent s, ©t Jrﬂs@sf I‘ic’cg gfcpﬂga)‘g?ﬂ[\ﬁﬁ ‘éOrI%er‘_?cgpoa _ KRFCpLOT\RRO T\/ﬂ%&%a%{g
lleast in parolasaesiohne Bhogshbr ainBodididntsr Ml kgprddsidieaist nidasiad t by
converted i n_tg NeuS5Gc in nonhuman ani nal s. [0068] I n sone enbodi nents, the
sialic acid iadnmimicstogheistry. a fenale is present in the cerebrospinal fluid

CSF) . di t t j al i ' ) Ni_St od t j
N 6o NARR | 9T o hpdiEietlsg plerfhd PR NeEhELERE! Rofe B e
embodi ment s, ydnfiBisth@dd 6f 56116 adid b Mhe fepiale dludn @ pfeeideption alddpregiichct h@n NANA

is at least in part converted into Neu5CGc in non-human animals. In sone
enbodi ment s, sonteeersbegdimentacinareassdi YBEtepeagsion resufte famethe adwaNptratign @ £1EC NANA

SRt O 0 AP g e

i nvention releatigsiré@ thbadusdstedtioanyf ilict fved $6 ed fenatd durdopreghdriconmd not
descri bed herein in the preparation of a dosage formfor any e uses

descri bed hedwing, laplgha) ApdpeedwahodyppustigcreasdaMibigeeresig l‘ﬁg&)ﬁ E‘Pl@ fires

exarm nat | on P FRaic] pORARTRICERAY Ehatl Qb RtaRsl p i AuhEPIEIGElo be

i mtin@065WO 20111 dcdk2 E3RCTInuSRS) INMBP2 8QG8ssion2 fvith EXANVRLIESupREMEhEtidn is
increased in the corpus callosum, rostral corpus callosum, midline corpus callosum,
lateral olfactory tract and/or midline corpus callosum decussation compared to MBP
expression without sialic acid supplementation. In some embodiments, MBP
expression with sialic acid supplementation is increased in the corpus callosum, rostral
corpus callosum, midline corpus callosum, lateral olfactory tract and/or midline corpus
callosum decussation, and is not increased in the motor output pathways, sensory input
pathways, motor pyramids and/or medial lemniscus compared to MBP expression
without sialic acid supplementation. In some embodiments, MBP expression with
sialic acid supplementation is increased in the corpus callosum, rostral corpus callosum,
midline corpus callosum, lateral olfactory tract and/or midline corpus callosum
decussation, and is not increased in the motor output pathways, sensory input pathways,
motor pyramids and/or medial lemniscus compared to MBP expression without sialic
acid supplementation, and the sialic acid is administered to the female during
pregnancy. In some embodiments, MBP expression with sialic acid supplementation is
increased in the corpus callosum, rostral corpus callosum, midline corpus callosum,
lateral olfactory tract and/or midline corpus callosum decussation, and is not increased
in the motor output pathways, sensory input pathways, motor pyramids and/or medial
lemniscus compared to MBP expression without sialic acid supplementation, and the
sialic acid is administered to the female during pregnancy and not during lactation.

[0066] In some embodiments, MBP expression with sialic acid supplementation is

increased in the cerebellum compared to MBP expression without sialic acid



Mat er nal NANA suppl enentation protocol: [0071] To determ ne the effects of
suppl enenting maternal diets with sialic acid (n- acetyl neuram nic acid;
NANA) on wbeotw@aenisdevel opnent of the offspring, forty @E¢o)uspeiageang
Long- Evans rats were placed on four (4p0diets (10 danms per diet) that
differed in their admnistration of sialic acid (Nacalai, San D ego, CA).

All animals were started on the diet n the 4 day after being. t ed
(gestati onal S‘H’Qfﬁnﬁ)“.tat’[oﬁon]ri%s S%Bmﬁm%ﬂglﬁ?e&f[s’ Zf\hg%nﬁ’}l?ff:ssé‘m n‘ﬁﬁfg g’@ﬁg Bfdced
on a base di P(éhﬁ%%ﬁi‘bnc?} ind¥ORed Jn W @&e&ﬁﬁh%&fﬁrwtcdptm%ﬁ;gkgi@mm&ﬁ of

NANA t hroughout gestation and |actation. Danms placed on the gestational
di et (" Gest "jialieeeiveagpRaata(igfOand fHei galanscid ng)adpunisteradodirang (eR@iiobody

i gh d d |y dyri ion. .Th i mal are. th l,aced
on 5 bave d sindfhbediason b HAESE AR ShB A HERp RRC
| act ati onal ﬁilie%%re@%ﬂ@ﬁtéb)né)‘)éﬁrdetoFMBP%%H%SinQviﬂ@%ﬁsidii@bcidtsﬁb;ﬂ@mgﬁ%ﬁ@i,ia@ﬂ but

recei ved NANA (200 ng/kg/d) through the diet during |lactation. Dans
Irectei ;/I ng NNHASEBO@C!@Q;K R?Tlt!l)lst@éniddulglﬁg leptation end f%_rd)\!@ﬁ@ﬂfltgng@ij-]ati osg and .
actat re knpwn_as e.." " aar o] :

when th@tagﬂfespri n ?/O\él?eeerﬂ’g%%fn}eg SyE esg%&nae&?%é%elﬁ%tgrgfi gtog’ff%ﬁﬁz %;Yt%%rg%vpalzi ets

on of f spri ngcrdgsee kiRibtesd braff b&tiehi Intsometdisbaditpsnthahasibtic edd hdshirtttegd ooip
were crossfostered within their respective group to control for a

) n
di fferences femaimtseNrmgrtvdnsueminiseadqiq (NSNS IWSFECR Allfagtum Ragt §795SEH ﬂb%yb@%er
dam to prevent. LI I ff . Q CES dam
The st ugy vva@lagjln%%ﬁé és@%ﬁlgg%ﬁ? Og{lﬁ%\?vs‘?? %{ﬁgﬁ(‘g&ﬁggd%@?%ergﬁ E)cgg at e%%:sﬁqéﬁg&f)oi nt
(N=5) whil e kkehi niglchdianl pdrt & conveeted dut@l NaeF@s sn aloh-lgnenpsnimilsps Inveome

taken at postnatal day 1 (pl) to determ pe tential djifference et ween
gest at i onal @H‘Eﬁﬂl@ﬁ%ﬁ%z@?is&%cg‘ﬁﬁl ‘fdé‘&‘flﬁqr%fﬂ% ¥ gqﬁ‘ﬂ?g?ésﬁ]gﬁgh’i‘%ﬂc%ﬁt @ﬁg "HR#%r nal
diet. Pups wgreel fﬂlﬁae?loﬂﬁ t)gélﬁtlﬂﬁti&l anda¥ ol QedsPHOParP @6ARSR ISYNOBU Mint fon-

access the nother's food directly at -pl8, which would preclude any
assessnent ofiumat snmals. transfer of NANA to the pups. Pups were al so taken

b1 onar KODOHEea ¢aft bt Bl BEPSah e 2o SRR ot Moo RisAr 1 e
2011/ 112913PGHISH:A MABIB8F). 23 sonl-O0RHIFirgsis, B Siase aBShmvnishecdTas gr nal

NANA suppl enentation protocol " for experiments testing additional doses of
NANA adm ni sfeerabdisdiANYY, ged tleg NANA Al pregn) abgst wepat ilpihg 6§, ZBpome

embodiments, the sialic acid administered to a female is NANA, and the NANA is at
least in part converted into Neu5Gc in non-human animals. In some embodiments, the
sialic acid administered to a female is NANA, and the NANA is present at least in part
in the CSF and is at least in part converted into Neu5Gc in non-human animals.

[0069] In some embodiments, the invention relates to the use of any of the sialic acid
compositions described herein in the preparation of a dosage form for any of the uses
described herein.

[0070] Additional objects, advantages, and novel features of this invention will become
apparent to those skilled in the art upon examination of the following examples thereof,

which are not intended to be limiting.



[ 0075] As described in the follow ng exanpl es, three major endpoints were
used in this study: nyelin basic protein (MBP) expression in the devel opi ng
whol e br avo,20ex1199180 neurite extensi on of neurons cul t ured/Useamordves

hi ppocanpus, and assessnent of the thigkness of MBP expression in the

devel opi ng brain Exanple 2 Maternal feeding of NANA during gestation and

| act ati on enhances the expression of MBP in offspring: [0076] MBP expression
is a neasure of brain devel opnent B is a specific neasure of the
degree of mature nyelination of the brain's circuitry. Myelin is the

i nsul ati on between the "w res" of t%%lﬁr 'r11 and decreases el ectrical
resistance in the brain's circuits p?‘% the sanme way that insulation
decreases el ectrical resistance in copper wring. Decreased resistance

al l ows for beat@haBNAMNA sigplemdntitiosgadtutol:devel opnental differentiation.
Thus, the expression |evels of mature nmyelin are associated with brains

that ar[leomrt her B @B@rhihedfy fRpERTtsuppRREAlidO nthedradlrdiae wikte siafié acids(nof
mat er na NA suppl enentati on on the brain devel opnent of off_spri%r}g', \VBP

e)r(\ pressi on wastyineasamialr #5dvNANSInotb thst braimadspsiopment whdreeofbipaing, fajeat40s
t hat h ted f . 0,18, : i i
o "B R okt BT, e BSh A Y i g BepRT e

n ol's were n anti or MBP
(I ower panelis; thMrl ddnfiaiseatidi bf efalic aacidViiNadaldioBamdxegdr C AL et Alh, aniiddls twae
recogni zes two distinct isoforgs (18 and 21 kil odaltons [kDa] in nolecul ar
wei ght). Thestastegian the distsonsibe dr slax gt I?W%Wa?ﬁt(g??&’d&?nﬁlcﬁag’dl actin (upper

panel s; | Signgli | ©9] | Li st B ¥ lca,
DL nd0OBA cu o S TS EL Sohe OB bRt L B B
expressi on, '"a&nshowhichrecoRiajned4) detastabler fnooumed ofMNIAN A ehiugbomgtgegtabdn heé

bands in each | ane, and each | ane represented.. i ndi vi dual i )
graphs repr elé%tﬁ?orf'heD&(}’ér H]gj‘@e‘i e %Stﬁ?orwgﬁllggﬁ esslgi LW%%‘SF%&I{I@@ %@‘?t he
cor respondi ngjjaghing GG Kildgheh dkd)\VEod N%\@/%ﬁﬁ gg{laﬁy g@l) tonl Hefin gk fchn.

R F.U). One-way analysis of variance ( det ect a significant
i ncrease t heltesprangwalonwefe thad phitdd h291BRETAigs2dtEn / tbe 8fE®ring were born.

Conversely, dams on the lactational diet ("Lact") were placed on the base diet during
gestation but received NANA (200 mg/kg/d) through the diet during lactation. Dams
receiving NANA (200 mg/kg/d) through the diet throughout gestation and lactation
were known as the "G+L" group.

[0073] Fig. 2 also shows how and when the offspring were used to determine the
effects of the maternal diets on offspring development. After birth, the pups bom to
each diet group were crossfostered within their respective group to control for any
differences in maternal care. The litters were then culled to 10 pups per dam to prevent
nutritional differences caused by lack of access to the dam. The study was also
designed to allow for the use of 5 pups at each endpoint (N=5) while keeping the litter
size equal across all groups. Pups were taken at postnatal day 1 (pl) to determine
potential  differences between gestational supplementation and lactational
supplementation of the maternal diet. Pups were taken at postnatal day 16 (pl6)
because they begin to access the mother's food directly at ~p18, which would preclude
any assessment of maternal transfer of NANA to the pups. Pups were also taken at p8
because it served as a midway timepoint and because the primary biomarker used

cannot be detected until this day in rat development.



- 23 - both 18 kDa MBP (F[3,321= 3.187; p= 0.037; Power= 0.681) and 21 kDa
MBP (F[ 3,32]= 4.270; p= 0.012; Power= 0.816) with NANA supplenentation. In
addi ti on,wOukayf1g91post hoc test detected that the | actatrconskoidioegoss
significantly increased the expression2df both MBP isofornms (*, p< 0.05)
conpared to the NANA-deficient diet in the overall analysis as well as at

tnatal d 8. Example 3 Mat | feedi f NANA duri tati d
ot at | DWTFher casEeonaly P Tk BRI B T pOANIARETEREEr IMOBFs P ng.

[ 0079] The hi ?)Q%Eﬁ{&%&steétﬁlgaadﬁﬁﬁﬁhlf ddsed gﬂN%W&fadﬁlHﬁ‘stQFeéidﬂrih@?Estﬁt?one@%? ntahal
for spati al arning andfor noving short-termnenories info |ong-term

menory. NeuraidlaetatieniigrBB)n cul tures of the hi ppocanpus serves as a

nmeasur e rain cell growh ifferentiatjo and .networking. |Increases in
t hese ew%%ﬂ?o msaéﬁ rdS%"%%FEﬁrb@ﬁg?lﬁfé‘Y@é CB%IHBfFF’C peep Hﬂ)aé%raet‘i‘\saooﬁs \?%re B‘&ff({ 183@8

that simlar stg@ﬁ%}'&il\lriﬁasﬂf PR B ERIBYO GthrdssioN ity the ddveRPHg WaokedsiMENSHbhe

effects of nmaterna NA suppl enmentati on on the brain devel opnent of

of f spring, neawite exersiensif orsugas awinedr bemi the Hiipnasemppsal and Aspespagntnglddcs r om
pO pups descpibed in.FhLg. 2. Fi g, 5SA.shows .measurenments of of fspring of
dans exposed{wcgmﬁsslﬁ’zmbggfi%elss %l?lna’?lgfiev E?I?Hﬁ%&gaé%tati on. Fig. 5B shows the
measurenments of offspring of dans that were fed a NANA-suppl enented (200
ng/ kg/ d) diet during gestation. Aftﬁr 6 ia&s of incubation the cultures
under went i munocytocl -emi stry for £f@MReron- specific marker, Map2a

(Sigma, Ronkonkoma, NY; or MIlipore, Billerica, MA). The nunber of cells

in each cul t MR AP fRARRSHOVARA @idhPb8Gattbd Bnd lactarilP&ianees dreRRpAXSibRCO! €
(DAPI) . [008 4 fisiiCikpirhas! 9- 5C quantitation of the percent area of

Map2a stai ni ng per neuron s significantly greater in cultures derived

from pugbgifiose MRIELEpRAtT Soaiek AN LoRIn R Reale PGCGRY BT o2

of Map2 i ni ng was term ne y conputeriz ounting o
positive pi xgkssurd ofdehdégragef aturamaahiniiel df tHeobrasac birofitr@- Mydid tsuthes

age s t hERTENH GRS AN HEBER B GARERS SRR CSsHRS Hage,
The resul ting,guotil &Yk @S ihNRO st Wap! th&dn8Natld0ddcRoa¥dsedibtRe] ¢8R dtadc¥in
area. The percent area was then divided by the total number of cells in the
i mage i n or desppeo wiongal Deercherd cesistancandibws fort hettar afibealingu apphisnlesgquent
students t- tgesvtelovl\al?ﬁsenya? ecﬂft{er%nggt%ar el"hu\é\;otgeo ]é)]ill)r]ég's%ognleicla:\%]-s{ %?21’9131%1{‘60 %%By% 1r81 are 24 -
associated with brains that are farther along in development.
[0077] To determine the effects of maternal NANA supplementation on the brain
development of offspring, MBP expression was measured by western blot analysis of
whole brain lysates that were harvested from pups at postnatal days 0, 8, and 16
described in Fig. 2. As shown in Fig. 4A, the blots were probed with an antibody for
MBP (lower panels; Millipore, Billerica, MA or Covance, Princeton, NJ) that
recognizes two distinct isoforms (18 and 21 kilodaltons [kDa] in molecular weight).
The blots were also probed with an antibody for B-actin (upper panels; Cell Signaling
Technologies, Beverly, MA or Millipore, Billerica, MA) that served as protein loading
controls.
[0078] Quantitation of MBP expression, as shown in Fig. 4B, was performed with
densitometry of the bands in each lane, and each lane represented an individual animal.
The graphs represent the average intensity of MBP expression normalized by the

corresponding actin signal in relative fluorescence units (Normalized R.F.U.). One-

way analysis of variance (ANOVA) detected a significant increase the expression of



the two groups, and the test detected a significant difference between the
suppl enented group and the control group (**, p<0.01). Thus, naternal
exposur e wo 2blaNA2@EBgni fi cantly i ncreased neurite extensipom/useoihiopgwes anpal
cultures of the offspring. Exanple 4 Magernal feeding of varying NANA doses
during gestation enhances the neurite extensi on in the offspring: [0082] To

further assess the. dose-respan ) of r nal su n Lon
during gest a?tBnl kDN éﬁﬁ’ @VJ 6% It 009 BT e?ﬂqogiel& m

was measur eggt 8 35 :p@@?@?@b 039! pok &S G@Flﬂ \L&wmmmuﬁlﬁ@&emlae& i th Edcﬁmon’ﬂA
Fig. 6A sho r'epresentati ve hi ppocanpal ‘cultures derived from of fspring of

dans havi ng BulaNAdet i /aicetest detetted uhatnthegbstatiohadndigt signMgeatly ioereased the

200 i kgl o TRGYOBITEOBN g RRTS T g U8 amas ety & ot AT SREC P g™

cul tures undgrweshlliaARyaeayvenhe sfﬁétglgayghe neur on-speci fic marker,

Map2a (Sigma, Ronkonkonm, NY; or | 1ipore, Billerica, MA). The nunber of
cells in each culture was assessed by staining with 4', 6-

di am di no- 2- phenyl i ndol e (DAPI). %ET@ jpercent ar ea of Map2a staining
per neuron was quantitated as descrl b in Exanple 3. As shown in Fig. 6B,

the percent area of Map2a staining per neuron was significantly greater in
cul t ures derMaegnil deeding sofVDNARA nduting sgdstdione @ailv batdiaNAinareasesi meugtitet s
(**, p<0.01;extédsioirOhipPddampilwcalturastiaraffsprimgposure to NANA significantly
i ncreased neurite extension in hippocanpal cultures of the offspring.

Exanpl eob79ht er nathd eip@bstgnpis iNANetidic regiog ast tat ib@ﬁnahﬁ ik @gdeatiblofor ispaifatases
the thickness of MBP expression in white matter: [0084]Increased thickness
and mat ur i t ylegningh @ngn/oF i HOWRE atheTlH s SHISEPHES dNIRI 1992 ERR SMERBRE U FUBHE

vel ocities and, éle 2dVaRseds ﬁﬁvﬁkﬁ&pa ts%@ eg'agfeﬁl%gsu'r@BT%Pal fce%&?ﬂé@ s

matter (myelina raln areas I cular, € corpus ca
the major t r@ﬁbrehnanmrmﬂmenamﬂ(ﬁrg b &toneses trhfhesewex oéeleaurdseart sphadesd t hat
control executiye functian, the lateral ol factory tract

ng.
(LOT) is parisnglisiakispansegbisis ?quﬁf@téagﬁ%@e%%%ﬁ@éoqm FBINY" PdPyel y on
their oppgmtory sysStRBrite Bl SRR P MmABGaf 8QNA supplementation on the brain

development of offspring, neurite extension was measured in hippocampal cultures
made from pO pups described in Fig. 2. Fig. SA shows the measurements of offspring
of dams exposed to a NANA-deficient diet during gestation. Fig. 5B shows the
measurements of offspring of dams that were fed a NANA-supplemented (200
mg/kg/d) diet during gestation. After 6 days of incubation the cultures underwent
immunocytochemistry for the neuron-specific marker, Map2a (Sigma, Ronkonkoma,
NY; or Millipore, Billerica, MA). The number of cells in each culture was assessed by
staining with 4',6-diamidino-2-phenylindole (DAPI).

[0081] As shown in Fig. 5C, quantitation of the percent area of Map2a staining per
neuron was significantly greater in cultures derived from pups whose mothers had
received NANA in their diets. The percent area of Map2a staining was determined by
computerized counting of all Map2a positive pixels in each image (5 random fields for
each of 9-10 cultures per group; 1 culture per animal). The number of Map2a positive
pixels in an image was then divided by the total number of pixels in that same image.
The resulting quotient was then multiplied by 100 to yield percent (%) area. The
percent area was then divided by the total number of cells in the image in order to

normalize for cell number. A two-tailed, unpaired students t-test was used to compare
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environnents. The LOT carries information fromthe primary ol faction

cent ers oWotha/akdiact ory bul bs to hi gher processing centeraseoiibsdeger ebrum
and hi ppocanpus. The CC and LOT were ng4sured in the follow ng experinents
because of their size and because of their inportance in brain function and

in the aninmals' abilities to sense their envirao nts. [ 0085].To det erni ne
the ef fects &F OatSEQUPSl t"sgﬁBﬁ?@ﬁ%ﬁlsﬁnifl%}ﬁmb‘g‘?g%é‘c%qu‘Vﬁe’ahVeﬁ“BmPtegf
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scr Staining the slices with MBP
i mrunohi st octignificaitlyincreastdmeasieraxtapsionen hippasangfal cnltweest theotfhprognf ocal
| aser m croscopy. As shown in Fig. 7A the thickness of MBP expression in
the CC was neasured at the cingulum (dashed line) in rostral (less
devel oped) and mdline (nore devel opegnpl¢ das of the brain (scale bar =1
mllimeter). The locations of the LOT and regions associated with the
anterior commissure (AC) are also_illustrated jn Fi

¢ ) LU TA [0083{ Fig., 7B
eading afxaAring SHARNAr 495gs Jusing ge@%ﬂ(oee%%a}lwsa ea‘E‘?“gHe

shows nat er n¥fatouamh f .
(Lact), or gedersiomin thewdfsprimgati on (G+L) (as described in Fig. 2) resulted
in significant increases [rmultivariate ANOVA, F[3,86]=8.455; p<0.001 ] to

t he thi®0R¥ss of WBuhepressy b dope-rasporGe efigcts o matsrBPNAY A preplepsntation

p<0.01; and *** <0,.001) ., Fig. 7C sh tern tatli al so
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expression i hippobddpadhiuttireseradsifiorh giupk oddsbitsedl detregt 84l i Fig. heA GBows
Furthernore, these findings were consistent with the Western bl ot findings

descri bed i nrepseapppaveohippRcanab cwtuyet derived frore giffspring of das AgviRaRAY Y4 Ses
during gestation iLnere 1 hickn fCNBdr ess; i ! gter:
[ 0087] To fur@%}f%%engs%g%sd?@%eéeg@lélgt(gﬁo ﬁﬁj?gr na %esgg%lg?‘g}rlr@%}ﬁg% ?Igg#g%uri ng
gest ati on onNANA ahg/kdeMSADRIEND naf/ kgt NN Anand 2 sagskgahiNANA tdiet dnonpus
callosum (CC) and lateral olfactory tract (LOT s perforned t.aki
Chin sl T cos Gt er pulsybp brtades: Brepiey ey B ammiroRgcteasty B
staining theggl.es Wik kém@%i S{oARN RELRS S maARE W aTis @b Blletife
areas of i nt@?é{gtﬁﬁm% 1C(C)%cal’ ser( i croscopy gnsa’ descri be.él_gi n Exgﬁpl e 2.
Mat er nal supplfenerithat inomber v chlANAn atacld asésreofvag Sassaghddg b, st&i@ingg i/ 4,6- 100
ng/ kg/ d and glgr%iﬁ%- 9p/h%n¥‘f?nsd05§5i§15’n. WO 2011/ 112913PCT/ US2011/ 028068
[0083] The percent area of Map2a staining per neuron was quantitated as described in

Example 3. As shown in Fig. 6B, the percent area of Map2a staining per neuron was

significantly greater in cultures derived from pups whose mothers had received NANA

in their diets (**, p<0.01; *** p<0.001). Thus, maternal exposure to NANA

significantly increased neurite extension in hippocampal cultures of the offspring.

Example 5

Maternal feeding of NANA during gestation and lactaticn increases the thickness
of MBP expression in white matter:

[0084] Increased thickness and maturity of the myelin sheath is associated with faster
conduction velocities and more advanced development and differentiation of white
matter (myelinated brain areas). In particular, the corpus callosum (CC) is the major
tract for communication between the two cerebral hemispheres that control executive
function and learning. Also, the lateral olfactory tract (LOT) is particularly important

in rodents because they rely largely on their olfactory system for orientation and food-



- 26 - [0088]Fig. 8A shows maternal NANA suppl enentation during gestation
resulted in significant increases to the thickness of MBP expression in the
frontal GEoizmiwhewdffspring (***, p<0.001). Fig. 8B shomsTrmsbtann28068NANA
suppl ementati on did not appear to change-the thickness of M 3P expression
in the mddle CC. Fig. 8C shows maternal NANA suppl enentation resulted in
significant increases tqQ the thickness of MBP_ex ssion.nth

L *,
p<0. 05; *** gided b@@y;or@&el@@%ﬁgwwﬁm T}F\% R SEPpRTSeENt ﬁ?‘bggm(@enot
appear to Cha@ggrr%pga@% ClnRsS o@fthegfgﬁa&&gvf 55184 0 Highek BRodBsghé RentEs in the
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t hways: [0089] The, whi t tter .of t i nal d contains tracts of
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tracts convey, (fERSAYs hnfiQed Bt théippnErhataauUS receptors, proprioceptors
(muscle and joint senses) and visceral receptors. The nedial |emiscus is a

pat hway[00RSlt  car r Te sletarmine dres effets off onatgrmiabNANSrsenpderperdatidne omribie dugigat e
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general, thegrefrdcine pl6 pupvelaedicseridedeic ®gr o) spinitdaheusieed atith &BP t he
body. [0090] To further assess the effects of maternal NANA suppl enentation
during gest anownavstedhentistey, nanfe vesaswith tthe faredst 9prinkegest ayEk setpderal desarhe

not or ram i a i scu I t hi i of
the p16” pup BrapRopEear ey T By Tashe BRLGETEOMBE LRtAR 8 fo Ta S
i mrunohi st ochessusdd y, tharthgylimniddshéd hge)tineostra qEesotlevaddpedpand witlnec@mndrocal

| aser m croscopy as described in Exanple 2. Naternal suppl enentati Wi, t h
NANA at dos e@eVS%PQ@) HeEFNRf/the brin (rgrlk PrE T 11‘@511%7@{&%%18852@'6 o ekjg(gﬂ ad s

t est ed. 009 | t ; | i (Y5 tati
[ %e%g)lﬁlg ]ass%@ia&la%‘@h Rtatnsl ¢ A tsﬁllléggncgra?@a {1RGr&td sm§9¢§. ation

resulted in icant increases tot ss of MBP expresSion in the
nmot or piO86GI ds i nFighe7Bofshewsi mgte(rial WADNA Supptemeptalon 1durirg* gegpat®n0OQ&Eyst), Fi g.

9B shows maternal NANA suppl enentation resylted in significant.increases to
Lhe- £l okneschoneetl oF Seurb PR (HEe Rt ) Ghesictied ia #9512 Beneaan

p<0.01). significant increases [multivariate ANOVA; F[3,86}=8.455; p<0.001] to the thickness
of MBP expression in the CC in the offspring (p<0.05; **, p<0.01; and ***, p<0.001).
Fig. 7C shows maternal NANA supplementation also resulted in significant increases
to the maximal thickness of MBP expression in the LOT which were similar to those
detected in the CC. Furthermore, these findings were consistent with the Western blot

findings described in Example 2.

Example 6

Maternal feeding of varying NANA doses during gestation increases the thickness
of MBP expression in white matter:

[0087] To further assess the effects of maternal NANA supplementation during
gestation on the brain development of offspring, assessment of the corpus callosum
(CC) and lateral olfactory tract (LOT) was performed by taking thin slices of the p16
pup brain (GestDR pl6) described in Fig. 3A, staining the slices with MBP
immunohistochemistry, and quantitating the areas of interest with confocal laser
microscopy as described in Example 2. Maternal supplementation with NANA at

doses of 25 mg/kg/d, 50 mg/kg/d, 100 mg/kg/d and 200 mg/kg/d was tested.
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varyi ng NANA doses during |actation increases the thickness of MP
expressi omoiznimhegie matter: [0092] To further assess thepefrfuseaig/oedossrat er nal
NANA suppl ementation during | actation-@a-the brain devel opnent of

of fspring, assessnent of the corpus callosum (CC) and | at eral ol factory

tract (LOT) was perfaornmed by takin hin slices of the u brain.(LacDR
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| aser m crosc described in Exanp rnal supplenentation with
NANA at doses(fapiing5(*ty/ 1gl. GOl)SOFrgg/é%Bgﬂd)wslﬁﬁtemgdl KRgAN Aamebpddfemagidagdid wds

t est ed. 0093] Fig. 10A sh NANA suppl ene ti [
| act at i on[ r e@lﬁef‘refc?g‘?}‘rﬁ‘ng? s 1 T?‘V\%H rjrggga?‘é’gesf‘@n éhet Wl? Igg‘g g’lfjgr k@g hows
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Fig. 10B shows naternal suppl enentation during lactation resulted in

si gni fi cant MR egwessiannin fiee {RITckhers.0f; B8P s0didssilbs. BF @hmvmmtemﬁé CC

in the offs * % oxx Csho £rn

suppl enent a%éﬁp‘%(ﬁwﬁﬁﬁg?é%% filgﬁloﬁggmafg%c%%ggit thflcq%l F’\Stol ncr ea 55 log 1{lhe
t hi ckness of i(hWBRIBRXPCESRL@Ratich.t he LOT in the offspring (***, p<0. 001).
Fig. 10D shows nat ernal NANA suppl enentation during lactation resulted in
significant increases to the thi ckness of MBP expression in the rnidline CC
decussation in the offspring (*, %5 18%*, p<0.001). Exanple 9 Maternal
feedi ng of varying NANA doses dur| ng gt ation and MBP expression in notor
out put and sensory input pathways: [0094] To further assess the effects of
mat er nal NANMasarppl dieetingt pDrvadyingn§ A8t doieondoringhgeshetidm iderzataspVEBR  of
of fspring, asgessient: obtchetmotond gyrayiidgsagpdhmads:al | ermi scus was
performed by taking thin slices of the pl6 pup brain (LacDR pl6) descri bed
in Fig.[088] stai nTingwhite nedtice 66 that dpimaV/Berd comindirsdtoofi@berstthat, araad:ending
quantitating the areas of interest with confocal |aser Crosco

descri bed i n(SE88aRN| & gescrpcting RPLOE) p Jihs rASRIER S Fagh tcﬁnwné?rydg% atBiPn 25
mg/ kg/ d, 50 fg4KenechQO0relBitES! braftbABrd ol eid MRS jJikSkEes) and visceral

receptors. The medial lemniscus is a pathway that carries such sensory information
from the gracile and cuneate nuclei to the thalamus. There are two major descending
tracts: the corticospinal, or pyramidal tract, and the extrapyramidal tract. In general,
these tracts are involved in the control of the musculature of the body.

[0090] To further assess the effects of maternal NANA supplementation during
gestation on the brain development of offspring, assessment of the motor pyramids and
medial lemniscus was performed by taking thin slices of the p16 pup brain described in
Fig. 3A, staining the slices with MBP immunohistochemistry, and quantitating the
areas of interest with confocal laser microscopy as described in Example 2. Maternal
supplementation with NANA at doses of 25 mg/kg/d, 50 mg/kg/d, 100 mg/kg/d and
200 mg/kg/d was tested.

[0091] Fig. 9A shows maternal. NANA supplementation during gestation resulted in
significant increases to the thickness of MBP expression in the motor pyramids in the
offspring (*, p<0.05; **, p<0.01; ***, p<0.001). Fig. 9B shows maternal NANA
supplementation resulted in significant increases to the thickness of MBP expression in

the medial lemniscus (*, p<0.05; **, p<0.01).



WO 2011/ 112913PCT/ US2011/ 028068 - 28 - [0095] Fig. 11A shows maternal NANA
suppl enentation during lactation resulted in a significant increase to the
t hi cknesswof20NBR2\3pr ession in the notor pyram ds fol | oRCmg/Sowt A28vas

suppl enentation with NANA at a dose of2%0 ng/kg/d in the offspring (*,
p-0.022) and no significant changes to the thickness of MBP expression in
the notor pyram ds followi ng naternal supplenentation with NANA at the

ot her doses tested. Fig. 11B shows Hma@piaB NANA suppl enentation during

| actation resulted in no SI gni fi cant changes to the thickness of MBP

expression i d| a rm| SC 0 I
f eedi ng of v%@‘?];rlﬁ uﬁﬁ ‘ﬁ‘ egt({“gn iﬁ?&é@?ﬁ@%&%@ﬁ&@ﬁ%ﬁ in
t he I(:erebell @%isﬁb"qﬁ‘rvh ¢ mag ESS the effects of maternal NANA
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expr essif2has nedgu elbW?ﬁé%ttg? er}f a‘ﬁ?ﬁ?’?ﬁ\s{ﬁ‘é éPB@EWFWﬁL?‘Eéi r‘%gs
harvested f rﬁmaﬂ&hﬁ)%natthegﬁ%‘hnﬁv% opﬁfé}ﬂﬁ o@o @ﬁrn?‘dasgésﬂ@lﬁcéﬂ @@dcdrlﬁhslzd:ﬂlosﬁﬁ As
described in Exanple 2, the blots were pro an antibody for MBP as

descri bed i n(CEX)aeriI letepaltdifactore trogn{L£8) Waﬁepﬁré)rmedcbdetﬁklnﬁ ﬂﬂl@rSﬁi\CQSl@f e pBP)

and 21 kil odalt r anant o f.or n
protein | oadiHy 61ﬁ‘t pg?fc(])?%é%) NE%‘T)CPE?I off fBp ggp TRORET heerS f%)ersrre vmif[%P
p
densi t onet rym%uﬁ&ﬁst@@{éﬂﬁstfyﬁ ARC Qubangingamt eaeh dfangereapivihendfocataser
i ndi vi dual ani mal as described in Exanple 2. [00971The graphs .in Flg 12A

and 12B rgpr@!ﬁéﬂ&copheisdiﬁé?@@é mnEémPIFyZ ofMPv‘BPlaéﬁBPIé@@P@ﬁU%lW’fﬁl B the
correspondi ng_act t t I d
P Sht SI%ZA’ 65;0%\/%/%%/% i(y TEI@A Clﬁg/ﬁg)d ﬁas(tw&?a i ze

RFU). y afial ahce etec a signiticant

i ncr easp)opiu]e exprBgsilon dowkahitedhl NDH\IA/&BpplEﬁheﬂﬂitlleﬂuNRflaMtatthnNAhmed in
suppl ementation during |actation_at Cer%ﬁl n_doses tested Eﬁ &])é
[ 0098] Anal ystigngrant Hacsasnsi iRetheelikassi oh MR ereressied ‘Bfthigoit Fma‘il?ﬂ 21

Do Ve ShotEygl 101 S9! nasesy i SRy oA Mo Ko
mg/ kg/ d ( p<Osupp)ememtediod Odhring/ lagrador( pes@ItOd Jn significant increases to the thickness of
MBP expression in the midline CC in the offspring (**, p<0.01; ***, p<0.001). Fig.
10C shows maternal NANA supplementation during lactation resulted in significant
increases to the thickness of MBP expression in the LOT in the offspring (***,
p<0.001). Fig. 10D shows maternal NANA supplementation during lactation resulted
in significant increases to the thickness of MBP expression in the midline CC

decussation in the offspring (¥, p<0.05; ***, p<0.001).

Example 9

Maternal feeding of varying NANA doses during lactation and MBP expression in
motor output and sensory input pathways:

[0094] To further assess the effects of maternal NANA supplementation during
lactation on the brain development of offspring, assessment of the motor pyramids and
medial lemniscus was performed by taking thin slices of the pl16 pup brain (LacDR
p16) described in Fig. 3B, staining the slices with MBP immunohistochemistry, and
quantitating the areas of interest with confocal laser microscopy as described in
Example 2. Maternal supplementation with NANA at doses of 25 mg/kg/d, 50
mg/kg/d, 100 mg/kg/d and 200 mg/kg/d was tested.
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bl ood-brain-barrier and is partially converted to Neu5Gc i n non-human

ani mal s: WwOQ9n}iiewiassess whet her NANA i s bi oavail abl e t @Crhis2dnmesves n its
native formor whether NANA is processegl-on its way across the bl ood-brain
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As figure 13A shows, a peak of natrve NANA was detectabl e above baseline 15
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d b | h ft I
Caggest t hat Raro8 Toniat TR allaobRclo s oBlespist wr PP, PERn FIEERAR®. e

exogenous doghagcudNANAe wESpriden eit her absorbed into the brain t| ssue
itself, processed into netabolites such as Neu5Gc or ManNAc, or both.

| ndeed, as figure 13B shows, at |east sone of the NANA was |ikely being
converted to NeuS5Gc. The Neu5Gc comggpigiatiens did not increase above
baseline until 1 hour after oral dosing, and this increase was noticeably
after the NANA peak observed at 15 mnutes after dosing. The Neu5Gc
concentr at i oMsttaserk fetiEng seStvairyied NAMBAgHoses dheingelbrctagiont limcrsases| VH3P
period at | exglressiduait: thecerchpieaxi mtely 4% of the peak NANA concentrati on.
Thus, exogenous NANA is bioavailable to the brain, but it is also processed
t o songgaexdient . |To sfaethéd absesnohe dffeerseof hﬂzttemuh IN AN Aalstippdérhertaticandatisg

humans do not possess. a_functiional enz onyverti n NANA t o Neu560 SO
the data mdﬁﬁa‘il‘i’lkéwhﬁé’r%lpf @?@H@emn% §4 i‘o@mﬁs AB W& BgHURG DY

descri ption ofsd f%ldt%ﬁﬁg&k %?cél‘@ﬁelﬁl?r?ﬁla95v§§ﬁ£{/@s‘#ecf L5mRHLP A8Es trilal days 0, 8,
illustration an escription. Furthernore, the description is not 1ntended
to limt thendn\etescrdredtio Figh&B. o@mdchcsb¢cbmelﬂcahm1@2,rthe blots were probed with an
antibody for MBP as described in Example 2 that recognizes the 18 kilodalton form (18
kD MBP) and 21 kilodalton form (21 kD MBP) and an antibody for B-actin as a protein
loading control. Quantitation of MBP expression performed with densitometry of the
bands in each lane, and each lane represented an individual animal as described in
Example 2.
[0097] The graphs in Figs. 12A and 12B represent the average intensity of MBP
expression normalized by the corresponding actin signal in relative fluorescence units
(Normalized R.F.U.). One-way analysis of variance (ANOVA) detected a significant
increase the expression of both 18 kDa MBP and 21 kDa MBP with NANA
supplementation during lactation at certain doses tested (p<0.001).
[0098] Analysis of the combined expression intensities of 18 kDa MBP and 21 kDa
MBP showed a significant increase in total MBP following NANA supplementation
during lactation at NANA doses of 25 mg/kg/d (p<0.01), 100 mg/kg/d (p<0.05), and

200 mg/kg/d (p<0.01).



WO 2011/ 112913PCT/ US2011/ 028068 - 30 - [0102] All of the various aspects,
enbodi nents, and options descri bed herein can be conbined in any and all
vari ati orw0 2p0102J18l | publications, patents, and patent papaiSc@atesdns
mentioned in this specification are hepein incorporated by reference to the
same extent as if each individual publication, patent, or patent
application was specifically and individual]ly indicated to be incorporated
by reference. WD 2011/112913PCT/ uxemple2B068 -31 - WHAT IS CLAIMED 1S: 1.
A method for providing sialic acid to a fermale, conprising adm nistering

sialic acid Ngﬁzb%rﬁs%g;altl?e gg,r :drlﬂﬂa?ﬁ bLn R@‘?s %far{]lﬁ?y b ‘?&dofo NeuSGe in

preconcepti o € nd lactation, wher el e'sialic acid provides a
devel opnent aﬂ‘dlbg g%f‘tant'%' %'fet us or child of the fenale.

[0099] To assess whether NANA is bioavailable to the brain in its native form or
whether NANA is processed on its way across the blood-brain barrier, the levels of
NANA and one of its potential metabolites were measured in rat cerebrospinal fluid
(CSF). The animals’ diets were first cleared of NANA by placing them on NANA-free
diets for one week. The animals were then given a single, oral dose of NANA (200
mg/kg), and the CSF of each animal was sampled at 0, 0.25, 1, 2, 4, and 6 hours after
dosing. The concentrations of NANA and Neu5Gc in the CSF were then assessed by
high-pressure liquid chromatography coupled with fluorescence detection methods and
quantitation standards.

[0100] Figure 13 illustrates the changes in the concentrations of NANA and Neu5Gc in
the CSF after oral NANA dosing. As figure 13A shows, a peak of native NANA was
detectable above baseline 15 minutes after dosing. This NANA peak then decayed
relatively rapidly and returned to baseline values by 1 hour after oral NANA dosing.
These data suggest that native NANA crossed the blood-brain barrier as a result of the
exogenous dosing. NANA was then either absorbed into the brain tissue itself,
processed into metabolites such as Neu5Ge or ManNAc, or both. Indeed, as figure 13B
shows, at least some of the NANA was likely being converted to Neu5Ge. The
Neu5Gc concentrations did not increase above baseline until 1 hour after oral dosing,
gmd this increase was noticeably after the NANA peak observed at 15 minutes after
dosing. The Neu5Gc concentrations were then sustained throughout the rest of the
sampling period at levels that were approximately 4% of the peak NANA
concentration. Thus, exogenous NANA is bioavailable to the brain, but it is also
processed to some extent. It should be noted here that, unlike all other mammals,
humans do not possess a functional enzyme for converting NANA to Neu5Ge, so the
data would likely be different in human CSF.

[0101] The foregoing description of the invention has been presented for purposes of
illustration and description. Furthermore, the description is not intended to limit the

invention to the form disclosed herein.



2. The nmethod of claim1, wherein the sialic acid is a free sialic acid. 3.
The nmethod of claim1l, wherein the sialic acid is selected fromthe group
consi sti myoabii/akeigosacchari de conjugates, |ipid conj ugaCEAIS2(IN1.0286%

conj ugat es, and conbi nati ons thereof 430The method of claim1, wherein the
sialic acid is selected fromthe group consisting of: 3'sialyllactose,
gangl i osi des, casei.n gl ycomacropeptide, and conbjnations thereof .5. The

met hod BRIEN ai m 188r0 b0 WHEPS] APEHE SPBPTRICHE § gpti“’r’ilst‘%écrfh%ﬁ%@é?m can 6o

n- acet yl neur amni.c: acl.d...08..11the..saet.hod of any one of clains 1, 2 and 5,
wherein the g{%%%d %2%1% alng égxgiﬁgtllﬁ?%‘ acid precursor that is netabolized into
sialic @ad3]. 7. ThE pmblibodnefpatdngd, mépawkiemeliatiche nendbiacl mdhid speaditentisnr i s
selected fromthe group consi séi ng_oi: N-acetyl nannosam ne,. . . Tividual

N- pr opanoy| nBAndEER AECBIRIEE 028 GES Roforit A8 d X REG 1% Bl $ARe EARH I ¢
acid, the copesh@ld GaRel br ekl NcaHAChEs BRIETUNS an@nshicambinaliansg v

t hereof 8. e nethod of any one of clains 1-7, wherein the sialic acid is
admi ni st er edbaedmgrapridgnneyneend | actation. 9. The method of any one of
clainms 1-7, wherein the sialic acid is adm ni stered during preconcepti on,
pregnancy and | actation. 10. The nethod of any one of clains 1-7, wherein
the sialic acid is admnistered to the fenmale during the first two years
following birth of a child by the female. 11. The nethod of any one of
clainms 1-10, wherein the devel opnental benefit is inproved devel opnent of

t he nervous system and/or brain. WO 2011/112913PCT/ US2011/ 028068



- 32 -- 12. The nmethod of any one of clains 1-10, wherein the devel opnent al
benefit is a neurol ogical inprovenent of the brain. 13. The nethod of any
one of clwore11lHiA3 wherein the devel opnental benefit i #CTalseatimesotks om t he
group consisting of: increased expresstdh-and/ or devel opnent of mature
nyelin, enhanced neurite extension, increased |levels of nyelin basic

protein, enh e ng the white matter of the brain, and
conbinations%&ﬁgféggﬁQ%ﬁgggﬁé'nethod of any one of clains 1-10, wherein the
devel opnent al benefit is.in the gr ter of the brain.15. The. met hod, of
iy onehor . cidPHEod CERTOVHBESTIC e RdF Bl TBPR S e i Lt nesiic ol BdaSge
form 16. The il H'lﬂﬂlg()%t 164sPbB df3he YELRIrprdddfc GRBAYS 5RIEY hid BBlag6h ed from
the group consisting of: nutritional supplenent, food, pharnmaceuti cal
formul ati on, beverage, and conbi nations thereof. 17. The nethod of claim 15
or 16, wher ewherehethd ssbigecifipronidesra davalopgicatal benedit ¢ afetearrahtdef theffemalg1%
to 10% by wei ght of the dosage form 18. The nethod of claim15 or 16,
wher ei n,t he dpsage f.or.m.cont ajns. sjali i - t of 10%to 90% by
ver gnt Bt ¢ nirnelgd SRR heEn S elfsdtists BeP Bl & s 1 16,
wherein the sialic acid is adm nistered at an anmount of 5 ng/kg/day to 200
ng/ kg/ day of Thheefioned fedlsinbodyhastveinght siali0 .aciihie seletteddrond tled gionp tOpsistingrodi n
th iali id i dm ni d at

rrg/ek;I/ ga;co? gllggpégqsc@gﬁqrﬂe n %ﬁ%@é@s,”@ap&}??c_o%ﬂ%gtgg, %];otezlg ggéjﬁga{tgs?ya&do c%r?l%inations

thereof.

4. The method of claim 1, wherein the sialic acid is selected from the group consisting of:

3'sialyllactose, gangliosides, casein glycomacropeptide, and combinations thereof.

5. The method of claim 1 or 2, wherein the sialic acid is in the form of n-acetylneuraminic
acid.
6. The method of any one of claims 1, 2 and 5, wherein the sialic acid is a sialic acid

precursor that is metabolized into sialic acid.

7. The method of claim 6, wherein the sialic acid precursor is selected from the group
consisting of: N-acetylmannosamine, N-propanoylmannosamine, 2-keto-3-deoxynononic
acid, N-glycolylneuraminic acid, the core sialic acid neuraminic acid molecule, and

combinations thereof.

8. The method of any one of claims 1-7, wherein the sialic acid is administered during

pregnancy and lactation.

9. The method of any one of claims 1-7, wherein the sialic acid is administered during

preconception, pregnancy and lactation.

10. The method of any one of claims 1-7, wherein the sialic acid is administered to the female

during the first two years following birth of a child by the female.

11. The method of any one of claims 1-10, wherein the developmental benefit is improved

development of the nervous system and/or brain.



21. The nmethod of any one of clains 1-16, wherein the sialic acid is

adm ni stered at an anount of 20 ng/day to 4000 ny/day. 22. The nethod of
cl aim 21, woheriimwishe sialic acid is adm ni stered at anPamiseda110230890

ng/ day to 2000 ng/day. WO 2011/112913P&€X/US2011/028068 - 33 - 23. The

met hod of any one of clainms 1-22, further conprising admnistering to the

femal e one or. nore polyunsaturated fatt cids, .cal.ciym folic id,. .
vitam nl€, t SEotPFBAdI Y agy (i Hf[ilaIWﬁgi:'e@i L}%Per‘f)‘ﬁoglﬁh ?‘(féo,p%qnltaaﬁg‘ﬂle@ 1P réon,
vitam n B12, b 86bftal fufiNeriGu of iR¥Aiavi n, biotin, vitamn B6, and

i sof | avones, zinc, pantothenic acid, nediumchain triglycerides, copper,

manganese, magnesium vitamn A choline, vitamn C iodine, selenium
prebi otits, Phobiaiddcef amevae ofrckimad 10, whkdrein thy slspelppmenthbbenedit i sadented

zeaxant hin, Bce)}na’(hg g&tp%égggt?ﬁgnéf: AR g{p%sesl%%’ andlor %\r/élogrplgnttorf%%tn?rg r;r%pelin,
enhanced neurite extension, increased levels of myelin basic protein, enhanced

development the white matter of the brain, and combinations thereof.

14. The method of any one of claims 1-10, wherein the developmental benefit is in the gray

matter of the brain.

15.  The method of any one of claims 1-14, wherein the sialic acid is administered in a dosage

form.

16.  The method of claim 15, wherein the dosage form is selected from the group consisting

of: nutritional supplement, food, pharmaceutical formulation, beverage, and combinations

thereof.

17. The method of claim 15 or 16, wherein the dosage form contains sialic acid at an amount

0f 0.01% to 10% by weight of the dosage form.

18.  The method of claim 15 or 16, wherein the dosage form contains sialic acid at an amount

of 10% to 90% by weight of the dosage form.

19. The method of any one of claims 1-16, wherein the sialic acid is administered at an

amount of 5 mg/kg/day to 200 mg/kg/day of the female's body weight.

20. The method of claim 19, wherein the sialic acid is administered at an amount of 25

mg/kg/day to 100 mg/kg/day of the female's body weight.

21. The method of any one of claims 1-16, wherein the sialic acid is administered at an

amount of 20 mg/day to 4000 mg/day.

22. The method of claim 21, wherein the sialic acid is administered at an amount of 200

mg/day to 2000 mg/day.



23.
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The method of any one of claims 1-22, further comprising administering to the female
one or more polyunsaturated fatty acids, calcium, folic acid, vitamin E, tocotrienols,
vitamin D, magnesium, phosphorus, vitamin K, iron, vitamin B12, niacin, thiamine,
riboflavin, biotin, vitamin B6, and isoflavones, zinc, pantothenic acid, medium chain
triglycerides, copper, manganese, magnesium, vitamin A, choline, vitamin C, iodine,
selenium, prebiotics, probiotics, beta-carotene, lutein, lycopene, alpha-carotene,

zeaxanthin, beta-cryptoxanthin, gamma carotene, ginger, and tryptophan.



