WO 2013/ 003947PCT/ CA2012/ 000639 | RON SUPPLEMENT COWPOSI TI ON  FI ELD OF THE

| NVENTION [0001] In one of its aspects, the present invention relates to a
conposi tiwo 2pevdodwal arly useful as a dietery suppl ement pcorra2opamwbdgul arly
as dietery iron (Fe) supplenment. In another of its aspects, the present
invention relates to use of the conposition as a dietery supplenent, for
exanple to prevent or treat iron deficiency in a human. DESCRI PTI ON OF THE

PRI OR ART [0002] Iron is JRON\SUYPPBEMEMNEESRAPUSITUON ent that is involved in
t he proper function of enzynes involved in energy transfer. lron is also a

conponent of henogl obin and nyoglobin - i.e., conponents of blood that are
used t [ vge [ 0003] Iron deficiency anema is the nost common
nut ri C’TEEJZ(BI?\&?J%@\?&E lb'l?,l world. The condition is readily treatable with

an iron supplenment. Iron deficiency even wi thout the manifestation of

aneni g006¥) IR¥n8OF 1§ Apests RRE presét it Pt AETI£E8DGX itiOR Phrti ment
and bghg‘\?li]or, sone gg?) \I\/(S’li c.hﬁmay be i rlreversi bl e?ﬁ?g%lggﬁpﬁ%ﬁéﬂ?gggg‘gﬂ osgdgment
f r om tdicterxripplemenidcende pyrtiolafe @b dictary srog ZBd)Bupplepeht. gntanotheeof itpaspeetsce of

iron-deficiency anem and it mrari zes comegcially available iron
supp! afeREs DR R S rie ot TamPES TG o By R B o1 kiR t

t hr oughevBnBbr 0dat irBR dbfidisdcyYf@huffan! 1 f€, an infant's iron store acquired
fromthe nother while in the wonb is usually depleted by about 4 to 6
nont hs of age. Iron supplenents are often given to infants, but it is well
known RESERIFIFONGORA] RIGR ART not given or taken as often as is needed.
[ 0005] Commercially avail able iron suppl enent products are known.

Typi c e r ts.th en avail able for u withdnfants,
are i qobd, ARG oSt S el B Bnd BpeitSaition b sphes
sol utiipvolied &n wadrgy tlaasfer. WilioR igllwes icmpehient!of deglogldb@d ahd) @fyopidbih aptéd.onal
colors or flavorings. An exanple of such a commercially available

suppl &qEwonends ptopdthat amgusede trangperiesyeee in a different form For
exanple, iron fumarate is available as water- WO

2013/ / 9 u ' . ] d na

pLAPERTR T Ar ACcs’ ditnd s A8 o RATRS) MRS, B0 HRRE T
under dohditibn aisdrenditie tdftableZ With Bhirikdie supplénherthiltodr @eficietity agkdnt svithethedab! e
iron tablets are_available, for exanple, FEOSOLTM [0006] Further, iron is
a conﬂ%@ﬁ@taa?n REARETHA can haryinfantybedause irgodeficianey fans p4iknessodeyelopment
cont aipj J: S {gﬂg- f.err fumarate is also known in the prior
art. E@P'Bg?é}’ﬁ%? go’n? ni tglghgiagﬁgsﬁ%‘ée?éeiﬁlﬁ 6, 830, 761 [Zl otkin] teaches a
conposition useful in the prevention of iron deficiency anem a. The
conpodD804 M goidances dscument roanthepsmbrtandA cademygsfaludiatscs (20t0Nhighkighitothen t h
a |ipi.d-based e?ci gi gnﬁ The conpositjion may additionally_ contajn other

mi cr odBPPTRHES Of niPRIGFRGCHSc dREINER a1dy 1t ASupbmarizes aeampmerciahy pwailable ipanot ki n
t each h oL i Is f: i of

T on dopp oenis) AINOIPE Sicasitedife RABE il Ray fo 28 ifants S oA B9
age siyeeeof lifgam kdadid irobetadrcq@ctdwiroin thhemsthat whilkiid theodsamb Hs sisadly

group £o s.. The ipportance of using m cro-encapsulated. iron (i.e.,

Ver SRR s L 1 EROPITH e 1ronuBRle et oo Ranpirale atathgbu bR el
Zl Otk'ldﬂpwﬁﬁﬁ‘&'ilfo'n%ﬁ%ﬁlymehtﬁ a&&g%ﬁbﬁﬁké@a@%ﬁ%% feedbd Z! otkin that there is
no significant difference in the henogl obin response between rats fed

simlar amounts of iron as the reference conpound (i.e., non-encapsul ated
f er r o800 | Gaaprapreiadly seienilable sirgre gupplementeprodpess [ ase daowvar r dypicallyyathasee areThus,
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particularly a reduced fat fried snack pro and an i ngredient

suspersdlash of dlavaiirgsng Az ¢4aB i b sedi plcommareinldy apailable napss tis BIER-MNat |
d f itive | ients. T hod i.st s, of ing th
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appl ying the suspension in a controlled anount to the surface of a food
product. The preferred food product is a fabricated reduced fat or fat-free
potato chip which is a fried snack made by frying a dough in a

nondi gestible fat to a noisture content of |less than 5% The ingredient
suspension is applied to the surface of the fried snack soon after emerging
fromthe fryer. Zimerman states that the food product has a light, crispy,
i nproved crunchy texture, inproved flavor and a fat content of from about
20% t o about 38% nondigestible fat and is fortified with food-additive

i ngredi ents. The process taught by Zimerman is for food production,
primarily wwth vitamns, and there is a focus on the fact that WD
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"the edible fat is a non-digestible fat" such as ol estra; the purpose of
these fats is that they are a fat substitute used for a

chol est erwb-2bmmwesd4ng di et. The suspensi on taught by Zi mremrmeN20i2200063D
suitable for use a nutrient supplenent, let alone an iron nutrient

suppl ement. [0009] United States patent 3,992,556 [ Kovacs et al. (Kovacs)]
t eacheasasd fdpérsfonl Bhder HROBtasd RRthE PEAFERINPARI fehBik fﬂ{«l&f s Svaighbie A4 %ﬁﬁt

such as assi ml_abfe i ron conpounds, vitamns, mnerals or mXxtures thereof
whi ch based suspension, umder therirgndinaspeMSEIDZTMa Foether, for chiddren abd adulssshemtabll | y

of particles or be of an edi apolizable fat. Notably, the edible

f at ié}ogl&ﬁﬁatsé’fe ?%S‘@%éﬁ%&’f%ﬂﬁ?&% a preferred softening or nelting

poi nt between about 1000 and 250F., whereby the assimlable iron conpounds,
Vi tarri[oeos]rﬁumegli@n@gaaampoﬂeﬁﬁoﬂrhﬁfyqﬁﬁltmanhgoingnveni ently added or applied
to a variety of foods, such as breakfast food cereals, crackers, cookies,

potato chips and sjmlar snack foods, flour and pasta during their ]
pr odud PPt dronyspeinkles.ia payder eontaipinggnisis-enveptulated fgmoupfunasata dsalpeskneyn in

suita . S Lol trient .suppl enent.. | et. al one
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di f fi dnlthe gevasivaof #osdefitithcyt dhemid. ITHE camposeh eRaMass hiicrodacamhRtddifth
suppl enentation i s the poor_ adherence of people to taking an iron )

suppl éFaites imgombinatign withya lipid-hased gxcipient: Hae eomositioamaynadditianally cenfeinent | y
avai | 40Ut g p - Lran . 4t 0,0 | easan st e,
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Conv e rdoimpositiby is partietlatly tiseful $orahe prevaition d@n\defitidfcyaR 4 infiRfayEsHReRer to

dr aw utﬁ the |iquid froma bottle, and this liquid is then transferred.

ei t herthgipges Of Byand 7d anoils ofage NG itrran seadily bR a&@wdowﬂathslsernksol{ddmdq thish t he
case qf s di is t S I i.s. not. a a
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pr oduchsamnkatedi isad \is il wgreted Sn xamples 1bald 2of Zhvikinei Speeificalgvit ishepomalr incat

t he folfd tr{? |%P 'hetéa aLe added. The Anerican Acadeny of Pediatrics

speci fixe@pl§30f qtg'&i tithesp 1s g praitsAt ditfersnge 15 theshgrnerlekia aespenserfieaween

bet weghs6pad ;i ird jally br

or et et et SHERAF Aot 7 oy 16 rBfent S0uBRlid B0V nikERBRal ALY Bl

i nt akeubfateptvereastat? fod)/ khiprgpencagsulatedir ferrgtys fdmerand. hs Thils, ae. uder ef emivro-
infants fed human m |k should receiye an iron supplenment of 2 ng/kg per day
by 1 ﬁﬂﬁﬁmu@feﬁd&@,lsﬁ?fﬂrﬁm eéfﬁs}eapogéloé Atinued until the infant is weaned
or begins eating foods that supply the 2 ng/kg of iron (Baker 2010 APA).
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for infants require the use of "an eyedr opper. t houg he existing liquid
i ron mddgdoed-additiveingredismtstto afeod prodpet; partitiilarly & resupedsfavfried, sniekcarudects he

typical .d i bout .1 mll.ilit i val ent bout 30 d
measaried By pecia SRPEyi Bppsuipine h BobeHlF e PrefeoB R ouders ol B ot er
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unpl easant. This tesults in skipped and nmi ssed doses, and as a result,
i nadedngredicntypp thenowable ediblgi fat and applying olic3juspénsion intacgontrobderhameurd to¢eed i n

th L gl { /20Q) . i | t t
road; 191a o dBbd st e pRERE0Y Fetie] i, b dibriotRl I AR e
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mtigate at |east one of the above-nentioned di sadvant afges of the prior
art. [cootesy of less thagSenEhe gradiant spspengorpiseanplied it therturiose pbthsrfigd gaack

| i tiap: i f u. ' | . 1.0016 :
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carrier conprising digestible edible oil that is a liquid at 20C. [0017] In
anot héongdigestible fatrand gs foriiadr adbnfoadraddiitveomgredientes The wsecess taught by

above- ' I tihop. as etery suppl e t. [0018] In.ve of her
of 1 ¢ 2R i IRathblatofy e SR B A8 There i RS uf aiChe B

di spensi ng the above-nentioned conposition. [0019] In yet another of its
aspects, the present invention relates to use of the above-nentioned
delivery systemto dispense the above-nentioned conposition as a dietery
suppl ement. [0020] In yet another aspect of the present invention, this is
provi ded a conposition conprising finely powdered salts of ironin a
suspension in edible oil. This is provided in a vial that is




capped with a vertical -dropper dispenser plug, also known as a Eurodropper,
as illustrated Figure WD 2013/003947PCT/ CA2012/ 000639 1. The dose of iron
can be diwpensad3dy counting out fewer than 30 drops, i @#caldAazoemoedssl-5
drops. [0021] In yet another aspect of the present invention, there is
provi ded a nethod for preventing iron deficiency anema in a mamal,

conpr i«gHeNGiblBFatSh & RidnAhgRHOY Halh RGe st(h@srtﬁpﬁfé?ufﬁdsfe ¥of Efeb fitd ﬁgh@@%}n&e of the
iron suspension in a pharmaceutically acceptable Tiquid ['Ipi ased

exci pifatrsubstitutensedrforra¢holgs@dddpwering diet. afibe hespermspetatghs fbyt Zimnpereme fig not
inventiqqﬂtFere S royideg an zrt'cle of nanufactu[e conpri sing packagi ng
mat er iS40 FRMEE 4 BP{eRt YIPRCwCy, gt alogg an yrop MUrEREMRPICRENt. c onposi t i on
cont ai ned therein, wherein said pharnaceutical conposition is

t her aj@euy) aited StafeSChdtatR 3,995 5/ FREvVARE ettraqam%gegul] dghdnes eNpXrtiar food
Preferably, the packaging naterial conprises a vial into the opening of

whi ch spBplemeetr ¢asapasitonr earmsisingr a hirtrienth suchoasdissipslable irend coingeraids dvidpsins.a

screw 0 €Q et e enclose the cantents.. The confents canpri se one or
ror o (TG o6 SR InersiT SRR e MR siBloBoly AR5 o7 REREF sodmeinE
conposkientinll ol gericleeoisdails Bf &V édiBIS ndiabblizablé fdt ONBrdbMAtthd &diBRFht i¥ solid at
adm nistered to an infant or adult. Wen taken directly by nouth or added

to fodeomrtemperatre, vt peeferretesadisnipgsirtmelting aeink befavsen about 1903 aud 268%ar and

is ea cans -Mar egver he high density of iron.per it yvolu of
the cosheyt S 4RBuilhE R compliindt “Damie e, o dRiB T ke fut FReq
Thi s roalesidnily &ide®@siapplel foch Ibtimelof fobdOGueHas BRAKRASHOH Verdaldf @fiicRerk,0
consune. [0024] In yet another aspect of the present invention there is

provi deekigh retatp chws gnd rritnilarasack éoadsnfleursindgpasachuipigneimpreductipns.  The

prefer [ I | astic. Vi nd_a pharpmaceuti ca

Ponpod i floRpdEmABTARBY i Rpais nbL bl P e AR RERHbbERaee | <
t her aprttidnt shgplersdrit a6t dlore 4 Bquad gwmtte@perhﬁle@ﬁrohr@&i&egd@i&w anem a.
Preferably, the packaging material conprises capped vial that is first
shaken, and then fromwhich suspension is drawn up ustggﬁa calibrated

eyedr dPOEH Qne of sthe i difficultisst assaciated eWih theeDringc ath janpEPashese f9 idequate; iinast i ¢
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2013/ QesdofFRe AR A/ a006 3OcukRAS hvdilibte liquidirph eeRlntts] MoR R 86luti@has an
di scovered a conFosition which is particularly suitable for adm nistration

of i r dWplegsanhy fastes, Whigh anampfagivrershtey f i wRsK dedenaddieg aflayaring apaterialpect

of th ' A ' QUi Sj P I ' i oi |
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f r om drom albottlRadndthis liquidisttherptransidred @ithedlifeotl p e fHeanowth Sp aiisal witlh Gijeer
affixed to |t - see Figure 1. Alternatively, the present conposition nay be
dramn‘ﬁﬁ‘k 0 a syringe or an eyedropper for adm nistration, for exanple,
to a human. It has been discovered that suspensions of non-encapsul ated

sal t's 10611)"1R%hd Basids a%easheeeaﬁfg%m YAE Brebcht RERAH A §s Hbd dvidt B 30RAL SO

el enental 'iron per drop. In addition, the present conposition has a

desi r abdnpebbymdhidhatetgiveaardirte happbsndnt  Rillseand growsieretl piodductscare dishdwantageoust h a

conveni ent, ,reliable.and ,safe, inverted-dr er. .g., E dr r or
vt oGl bhGks B SaiRe i e i Ghbhe o PRl Tiediviee Bl RS | on
i's in Ad@eh9 oN IRdiatiGOfeBifiets M d'ighidNireiH SRHRThAR" sholld! be PRIVRICRTBTiBTARI Y

having one or nore of the follow ng featurés: The suspension is dense
enouglvetecenhiert 2 roonths ef ragant 8@ydaromycuiglaitialy broast dede tor piretonn finfants, duey .

. e. 60 | al . i m. . Th i h i all
Fi avoutmeticn FReBE Faisie® RomREngta e 8 X B LR 7 3 by o
end of12bfbitheof dde. iPPetéY@ fffits £@ hubtaf il shdBldSbédiveYar! ibéH supblehitt 6f 2 Rigiig P

consistentI% from the Eurodropper dispenser. For exanple, water can suspend
t he i mendenlby,] menth dleagealand $hs shadd Yo continuedtuntihéhanipfanit és wfcanddeor begins

Eur odroppef, ,that what . cqmes, out. | o a ves |like a drop of nud.
Lipidfﬁﬁﬁéé?ﬁfﬂPtﬂnmﬁb egdﬂ%kgo g”ﬁﬁ%?ﬁ@fvggﬁg}n an oil excipient (e.g.

Zl ot ki n descri bed above), probably because the |ipid encapsulation forned a
sticky sedinent that failed to resusp%nd the iron particles in a manner
suitable for dispensing a dose with a“dropper. BRI EF DESCRI PTI ON OF THE
DRAW NGS 100271 Enbodi nents of the present invention will be described with
reference to the acconpanyi ng drawi ngs, wherein |like reference nuneral s
denote |like parts, and in which:



WO 2013/ 003947PCT/ CA2012/ 000639 Figure 1 illustrates a preferred delivery
system for di spense the present conposition. DETAI LED DESCRI PTI ON OF THE
PREFERREDVENBORIOBHENTS [ 0028] Broadly, in one of its aspectrsiAvtzeomsesent
invention relates to a conposition conprising: (i) a non-encapsulated iron
salt, and (ii) a carrier conprising digestible edible oil that is a liquid
at 20([:00ﬂf] Hx@4tin@ d warthpadce b ﬁ%dﬁcﬂ@ fBP']Hﬁaist k&llﬂlrgaﬂ‘ne | el Hﬁeana@yecﬁgjﬁpe?r a
conbi nation of any two or nore of | owm ng features

non- erﬁlﬁ”f@ygh dteaxlstmerhqgal irorj Brosl@qte@tteedfetrﬁd)m ashairepss uplso@asmsmqmrg xfcatiser r ous

torri e umi R aPIEY Gt BRRAIE R By L diopD PSR AR 0 o

two oreyedroppeef THees rodu&tb%r@@ﬂﬁ&ﬂﬁﬁpﬁdihﬁlsﬁﬂ antl QReif Bdste 1's~°cofr§ﬁdrf£jv'§oﬁ1é'tl’fﬁfgat e;
t he dlgestl le edible oil is a naturally occurring oil; the digestible

edi bl dh@ian adgltprnigat will Endunpleasante Hhigeesulty ireskippad) andonissddsdases, eod ed af r om
fromt g nS| f fractionated palmoil, coconut oil, olive oil,
sesanepsgllhr {ngg%tu%% ﬁte gtgﬁ%?gltgnio corn oil, al mond oil, peanut oil,
castor oil, cottonseed oil, rapeseed oil, sesane seed 0|I fracti onated

conporjeot3 “Rhfus ather@freﬁlhhﬁsea aBell 1 Xheir@s foH ligwa i 1BE tedi etahewmc) Rfon
digestible edible oil_is_ a trlglycerlde oil; the di estlble edible oil is

a medisupplemantihatis gagibyadraimisgraple to ﬁllwmang@sttqutﬂrb/ aadpisnk oil is a nedium
chain triglyceride oil have at |east 90% by weight C6-Cl2 triglycerides;

the digestible edible oil a ceride oil have at |east
95% by wei ght C6-Cl2 tri gI%u,er |‘§ES’IG { e@%ﬁ!@%l e edible oil is a nmedium
chain triglyceride oil have at |east 90% by weight C8-C10 triglycerides;

t he di[@@bt]ilbiscareobjbitenfahé preserst imemitiomte bbviatetori igitigaterdt deasobhe bfithe abové-east

0 h 1
95% b%né’r\%oge dlgdv%\ntggftzsr(;ﬁhg ;():r%rl a(xj'tes

[0015] It is another object of the present invention to provide a novel composition that is useful

as a dietery supplement.

[0016] Accordingly, in one of its aspects, the present invention provides a composition
comprising: (i) a non-encapsulated iron salt, and (ii) a carrier comprising digestible edible oil

that is a liquid at 20°C.

[0017] In another of its aspects, the present invention relates to use of the above-mentioned

composition as a dietery supplement.

[0018] In yet another of its aspects, the present invention relates to a delivery system for

dispensing the above-mentioned composition.

[0019] In yet another of its aspects, the present invention relates to use of the above-mentioned

delivery system to dispense the above-mentioned composition as a dietery supplement.

[0020] In yet another aspect of the present invention, this is provided a composition comprising
finely powdered salts of iron in a suspension in edible oil. This is provided in a vial that is

capped with a vertical-dropper dispenser plug, also known as a Eurodropper, as illustrated Figure



the nmediumchain triglyceride oil is substantially conpletely unsatured,
the carrier conprises a mxture of the nmediumchain triglyceride oil and
non- f ractwonatsad3®di bl e oil; the medi um chain tri gl ycercaaaani2/ioes3pr esent
in an anount of from about 10%to about 90% by wei ght and the
non-fractionated edi ble oil makes up the bal ance of the m xture; the

non- encapiél s @f iiroRtaf detdidpenidasLuntifg 80t RWNREMant 0 BORYii8&1Babb8RSIS
about 25 ng elenental iron/nL digéstible edible oil; the non-éncapsul ated
iron $HPRS.is present in an anobunt to provide from about 25 ng el enental
iron/m digestible edible oil to about 150 ng el enental iron/nL digestible

edi bl J¢h; - | at lyron.salh IS. present in.a ppunt t o

or ovi 20481 n YD SRR SRR e Bt O, toghSia R ey BT PHVRpcio
120 nropl defiviély arfepdia rh 4ling@aiblh | @npeiklethei dieps 6N Prdvading NE Agaeatiedlyl r on
salt is_present in an apount to provide from about 40 ng el emental iron/nL
di gestefisriaveeampprt of thet isomsuipension img phasmaerusicallyr agrentablei quid ilipid besidol e

oil; . -encapsyl.ated iron salt is present in an anmobunt to provide
fron1§%§®F%ggnﬁg"gpgﬁehtal iron/m. digestible edible oil to about 70 ngy
el emental iron/nL digestible edible oil; WD 2013/003947PCT/ CA2012/ 000639

t he cq0922]ilhiyenardatlidr aepect ofheim@entinvétiaatthaaés propided a attile sliinaheBéture t he
supplenmental] nutrient I1s a vitamn e supplenental nutrient is a

) ,th . ..
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of it presepeot seattitoa defieere) anemieMreferablglthd pkiging amtedfal thapakevevigddaar i bed
conposjtion. a g}egegy suppl enment. Preferred epbodi nents of this use may
i ncl udBe pRrIRhR! which it Byitsda Eurodemppanijttingdo disperse andividyslydrops. aisereMofaowi ng

f eat ungSomphidly Lncibbe teQeorfeite Mhd bl LoGbERCYne' &t AofEPHREY powdered iron

salts in an edible oil.

[0023] The present composition advantageously provides iron in a form that is easily
administered to an infant or adult. When taken directly by mouth or added to food or infant
formula, the composition has a desirably bland flavor and is easy to consume. Moreover, the
high density of iron per unit volume of the composition results in a minimal volume of liquid to
be administered. This makes the composition relatively innocuous and easy for infants to

consume.

[0024] In yet another aspect of the present invention there is provided an article of manufacture
comprising packaging material, preferably a glass or squeezable plastic vial, and a
pharmaceutical composition contained therein, wherein said pharmaceutical composition is
therapeutically effective to prevent or treat iron deficiency anemia. Preferably, the packaging
material comprises capped vial that is first shaken, and then from which suspension is drawn up
using a calibrated eyedropper or a syringe. Alternatively, the packaging material is a plastic vial
capped with a dropper nozzle, whereby after shaking, the vial can be inverted and drops counted

as they are squeezed from the vial.



use of the conposition to prevent iron deficiency in a human; use of the
conposition to prevent iron deficiency in a human infant; use of the
conposi tiwo 20/msEat iron deficiency in a mammal ; use @eCTi0mEsi tion
to treat iron deficiency in a human; use of the conmposition to treat iron
deficiency in a human infant; use wherein the conmposition is initially
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physi cal surface is a human breast; the physical surfdce Is uman
ni ppl exdminibEativmyafi icen tes infirds ebiit slsa Suitabls tfuf thildrééDand adults. One aspect of the
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the nouth of an infant the physi'cal surface is human skin, such as'the

back ofispgnses sgoripeo affiateid dh it heet Figurs Uis ptesnasivelys the presant icompogitien mouyt be
100301, I n_another of its as eﬁt S ;['lf(‘h‘,fe gr es% . n%ent i og\?r{al ates to tah
del i veF§™R BRI 2 SHREC IR & SHORBIHET AAMIITTRIAR, 1oR & &BRlyetOgk bumpte T bas
CONPOYekbih Aikcovh&l thatfispéhsios bf HoK-Bstabsulsted PRRSFT ifohSn ©AMRR BE Al fackir&d & 1 ed
enbodi nents of this de |ver% system may include any one or a conbination of
any twsodde moligram amayntsfof elemental iromipergdropafmpddition, the present composition has

a desirably bland taste and behaves in a manner suitable for delivery with a convenient, reliable

and safe, inverted-dropper (e.g., Eurodropper or plastic squeeze-bottle) format.

[0026] Preferably, the present composition is in the form of a concentrated iron suspension in

oil, more preferably having one or more of the following features:

o The suspension is dense enough so that no more than 30 drops deliver the

dose of iron for a day. i.e. about 60 mg elemental iron per mL.
e The preparation has essentially no flavour.

e The concentration of the suspension is consistent from start to end of
bottle. It is neither so thick or so sticky that it fails to drip consistently
from the Eurodropper dispenser. For example, water can suspend the iron
salt, but the salt settles so fast at the nozzle of the Eurodropper, that what
comes out looks and behaves like a drop of mud. Lipid-encapsulated iron
powder was impractical in an oil excipient (e.g., Zlotkin described above),
probably because the lipid encapsulation formed a sticky sediment that
failed to resuspend the iron particles in a manner suitable for dispensing a

dose with a dropper.
BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Embodiments of the present invention will be described with reference to the

accompanying drawings, wherein like reference numerals denote like parts, and in which:



t he housing conprises a nozzle that is configured to dispense at |east one
drop of the conposition; the housing conprises a nozzle that is configured
to di sperwe ans/mBg@lze drops of the conposition; the housCmgAzorOIGes a
nozzle that is configured to dispense only a single drop of the
conposition; the housing conprises a nozzle that is configured to di spense
at | east orgggte QR11@trat bl i ' ' '&Mﬁé m. the
housi ng conp%ises a néggﬂgg$ﬁ§%Hgggggﬁgﬁghﬁgnggﬁgnggﬁigtnul(%g e drops of
t he conposition when the housing is inverted; the housing conprises a

i sDEAAILEDIRESCRIPTIONO WPREEERRER EME Be conposition
when the housing is inverted; the delivery systemis in the formof a

dr opp t e 8 0 003947RCT[ CA20.12/ 00063 the delivery systemis in
he F a0aA] Brofiry, Oy Y D8re e RrepE ety dfnes o0 B O Finalifby s prgh:

Syri ng®;a sotdémapsuldied Heh kalgrayd $i)sd editibSconiprishfy digésiibRf edibls @l1eRASs Reghlde-
[0031] In another of its aspects, the present invention relates to use of

t he alfh#8ieSesiemedicobedimpenty of yhe eompasitifinsipan cludscanybngeorrreeambinatipn of
conposj.ti b Vi, S | ._Preferred enbodi nents of this use may
incIu§%&§ﬁ§og§gﬁ%gt§$§g¥%iﬁgpwgﬁﬁg%ugﬁy two or nore of any of the follow ng
features: use of the to prevent iron deficiency in a mammal; use of the
conposi tion te phevenlentdpeiaafitai SNEK tdlected HERNihe %l‘@ﬁi) @bndidftigCoMposi ti on
to prevent iron deficiency in a human infant; wuse of the conposition to
treat iron defarous ,f@lyaliaﬁa, demmeusnaceinate, ferrous gluconate, ferric pyrophosphate,

ferric saccharate, ferric orthophosphate, ferrous sulfate and mixtures of two or

more of these;

¢ the non-encapsulated iron salt is ferrous fumarate;
o the digestible edible oil is a naturally occurring oil;
e the digestible edible oil is a vegatable oil;

o the digestible edible oil is selected from from the group consisting of
fractionated palm oil, coconut oil, olive oil, sesame oil, borage oil, canola oil,
corn oil, almond oil, peanut oil, castor oil, cottonseed oil, rapeseed oil, sesame
seed oil, fractionated components of any of these and mixtures of two or more

of these;
e the digestible edible oil is a triglyceride oil;
o the digestible edible oil is a medium chain triglyceride oil;

e the digestible edible oil is a medium chain triglyceride oil have at least

90% by weight Cs-Cy triglycerides;

o the digestible edible oil is a medium chain triglyceride oil have at least

95% by weight Cs-C;; triglycerides;



use of the conmposition to treat iron deficiency in a human; use of the
conposition to treat iron deficiency in a human infant; use wherein the
conposi t iwo 2083/a089471 al | y applied to a physical surface; PCTiea2piy®Icsal
surface is the exterior of a pacifier; the physical surface is a human
breast; the physical surface is a human nipple; the physical surface is a

human finger; 4 t surface
is asolid foodsﬁgggytzdr%g hlb@&lﬁ%%f@%&%&Q@%@%ﬁ%ﬁﬂ pg&'%g%gi %he physi cal
surface is a PI%GbydvdigltdstQf ftrigly&0id2d; The present invention, inter alia,
provi des a conposition and deli very system useful to the prevention and
treatnent of iraq eficie ma eferabl the copposition is in the
form of a susPe g ﬁfcbl g%l fhaéE"FC{S %@Xcﬁlﬂ‘éﬁ gil thaye 3t fgasfed wi t hi n
a vial to theg f erted Eurodropper pl ug. [0033] As used
t hr oughout thlgs% eC| llﬁc%\t,@o#quﬁeddtgirm "prevent" is used to describe the
capacity of the conposition to | essen the risk of iron deficiency anem a,
and may al so »efthe mediuthehaimheighpyridooipisevbsiintiatly completebyansaturedyr e of t he
adverse effects associated with iron deficiency. [0034] As used throughout
this speC|f|cat|ttc}zsh the term"ediple oil" is used to refer to edible and

di gestible oiP PURCT COMPRSES @ @{X“FS%"}E%W&M ehaan triglygerideiol @ bl e oi |

wi |l suspend g @ﬁ% af%ﬁeﬁfb‘i’e&iﬁ nore salts of iron that are not

encapsul at ed, at nmay or nmay not be micro-encapsul ated. The oil serves
as an exci pi ent. Exarrpl es of such oils include nono-, di-and triglycerides,

especi al | y ex#r ah¢ awtdach bha&n@hkl@cdriﬂehyﬂfsqges’mt gdar aﬂhﬁhﬁuﬁﬂ'ﬁ@ﬁ dbegeet abl e
oil, castor oil, cotton se corn oil, canola oil, rape seed oil,

peanut oil, s&%re 2bUER0H by W@tg@bﬁmth@mpn%eﬂwaﬁdmdégepﬂwm up #h¢ wel | as
fractionated Bg%gg]rﬁg%ﬁ ﬁ&]eat ed fromsuch oils, particularly nmediumchain

triglycerides e Iron of the present conposi ti on nay conprise any
bi oavai |l able solid formof iron including such salts of iron as ferrous

fumarate, ferwouke aoh-tadapsulhted iOuSal)lisipRE&t6n ah @ffoAHStoSpHEvIdB At feasf erri c
pyrophosphate, serric saccharate, ferric ortho Phosphate or any ot her

conpound capaBpet g n}ﬁ%wmt?ﬂgr%m&\fimsﬁlﬂp@ iblegdilspr ef er abl y wi t hout
encapsul ation, but also including mcroencapsul ated forns of the conpounds

isted here. | 00g6h Te ARASERSORPR! bl TFun UEnGHPR) STBRLC oM (1

addi tional m cronutrien |on in ep Pon to

serve the nut abdmolﬁa|mg1&ﬂ>éiﬁer@:ﬂ rrammnl Higektibla ¢dibikesil ad wﬂa@dlsmenig, vitamn
D woul d be included as a _conponent
elemental iron/mL d1gest1b1e edible oil;

e the non-encapsulated iron salt is present in an amount to provide from
about 40 mg elemental iron/mL digestible edible oil to about 120 mg

elemental iron/mL digestible edible oil;

¢ the non-encapsulated iron salt is present in an amount to provide from
about 40 mg elemental iron/mL digestible edible oil to about 100 mg

elemental iron/mL digestible edible oil;

e the non-encapsulated iron salt is present in an amount to provide from
about 60 mg elemental iron/mL digestible edible oil to about 70 mg elemental

iron/mL digestible edible oil;



[0037] A nethod for use of the present conposition to prevent or to treat
iron deficiency in a mammal is also provided. The nethod invol ves the steps
of addi ngwe 2tsewageutical ly effective amount of the conpoZicazere/one3a f ood,
or directly into the nouth of a manmal or on to an exterior WO
2013/ 003947PCT/ CA2012/ 000639 surface to be licked or sucked off. This
met hod startsgb hiitdRSrukh G4 : It WAl . Qdr opper
st oppered vi al ,%gé;g(?%gg\l/&{t a %&Pfe}l\ﬁﬁ?%%?zég&&@g%%gﬁgl Iﬁ#éaﬁ’r on powder,
the vial is shaken vigorously by holding the vial by its cap and sw ngi ng
it back and f er tthe supptensentab hdtrieasikiaomtentif;ever thernoneter, the screw top is
renoved, the vial is held upside down to permt one or nore drops of the
i ron suspension téo be rel eased, fromt he zzl e portion of the Eurodropper.
After the dos® i8¢ 3Py nuireat iyafpt-solubls witawinypr i ght and the cap cl osure
is reapplied to the vial. The one or nore drops rel eased contain the
desi red anoun T i i . | he nout h,
or applied tot a&ﬂ%%pg’rl or ﬂsllﬂl'rufr%@te%&%gﬁ%ﬁg@&?ﬁg@@%é@g%&%gnggjﬂnfnnf ant
fornul a or a Deviamgd, vitamapKlane thiktured ofitwg er margofwh¢gyepandrdro t he nouth (for
exanple, w ped inside the cheek of an infant). [0038] In a highly preferred
enbodi nent of the present conposition, the carrier conprises a nmediumchain
triglyceride 8ilthe S‘@Pffn}enf?éﬂlqgﬁp‘blﬁéﬂtﬁmtnrpgl yceride oil substantially
conprising C6- Cl2 triglycerides (see above). [0039] Medi um chain
trigl ' ' C t§ s [ : om
t e A1, ller ST RRER, 1T ronbL AREHEP IS N8 of uhe SHOIERAEAAS DT
dri ed cengposipien m didterfyl sapplsmgni. refesried edhdodimehtseyf thisruse atay dficladenanyt atfecoraf
triglycerides of saturated fatty ids, mainly of caprylic acid (C81-11602)
and ofcOERRation of pRy tig orgppI§ @3 ANy ?ﬁéﬁ%ﬁ%l&gfﬁaﬁww ess than 95 percent of
saturated fatty acids having 8 to 10 carbon atons. The oil is a clear
sol ution. [0040] i f LERf.. the fatty acid fraction
of medi um chain %S%?B??E&é?%}é(mﬁé@ ({%ﬁggg@{eflﬁ%\?\[nﬂng c%rrposi tion: Carbon-Chain
Lengt h Nunber of Doubl e Bonds Percentage (%9 6 0 <2.0 8 0 50.0-8.0

e use of the composition to prevent iron deficiency in a human;

e use of the composition to prevent iron deficiency in a human infant;
¢ use of the composition to treat iron deficiency in a mammal;

¢ use of the composition to treat iron deficiency in a human;

o use of the composition to treat iron deficiency in a human infant;

¢ use wherein the composition is initially applied to a physical surface;
o the physical surface is a pacifier;

e the physical surface is a human breast;

e the physical surface is a human nipple;

e the physical surface is a foodstuff;



10 0 20.0-50.0 12 0 <3.0 14 0 <1.0 WD 2013/003947PCT/ CA2012/ 000639 [ 0041]
Preferred enbodi nents of the present invention will be described with

r ef er encewoofsaloBeami ng exanpl es which shoul d not be use@Craazorawodze or
limt the invention. [0042] Exanple 1 [0043] Iron salt in the form of
ferrous sulfate (dried) and ferrous fumarate were investigated for

di spersibility gpd l%%ic%d élﬂ% pgrhas\()iﬁgrfo(gdg -Lafge of carrier |iquids.
Sufficient iron saPt was a ge to test tubes to achieve concentrations of
el enmental iron equivalent to 66 ng/nL suspension (i.e., 2 ng/drop, a
comer ci al | y- i ah¢ physmatenfacatsi adquidfoodstiffnt suppl ement ation). Each iron
salt species was tested in liquids of differing viscosity - the results are
provided in Té‘ bltﬁe E)'liys-iI;:% Isuei‘fa:lc'e is urrrrlzlnesrkinljIsﬂcLLI E(ljS avclzlg:no 1r|1gte¥ uge%lato@vgigg %he

iron suspension into the mouth of an infant

o the physical surface is human skin, such as the back of a hand from which

the iron suspension is licked into the mouth

[0030] In another of its aspects, the present invention relates to a delivery system comprising a
housing containing the above-described composition, the housing configured to dispense the
composition. Preferred embodiments of this delivery system may include any one or a

combination of any two or more of any of the following features:

o the housing comprises a nozzle that is configured to dispense at least one

drop of the composition;

e the housing comprises a nozzle that is configured to dispense multiple

drops of the composition;

e the housing comprises a nozzle that is configured to dispense only a single

drop of the composition;

¢ the housing comprises a nozzle that is configured to dispense at least one

drop of the composition when the housing is inverted,;

e the housing comprises a nozzle that is configured to dispense multiple

drops of the composition when the housing is inverted,

o the housing comprises a nozzle that is configured to dispense only a single

drop of the composition when the housing is inverted,;

o the delivery system is in the form of a dropper bottle;

10



Density (g/cnB) Water 1 1 Mediumchain triglyceride 27-33 0.95 dive oil
83.3 0.92 Rapeseed oil 230-270 0.91 [0044] The initial preparation of dry
powder i rwo 208/03947nt 0 suspensi on was achi eved by wei ghipng/aaAze12deed3p ed
anount of dry powder, which was added to the liquid in a capped test tube.
The conbi nati on was shaken for about two minutes, and it was then all owed

to settle Ove‘nitﬂgaelfvggg{yg{éﬁfﬁilﬁﬂl(rarfgﬂr%f&}%}ei- \b\g)e\phetti ng. [0045]

Suitability of the pre on suspensi‘on S hext tested by counting

t he nunber inversions of the test tube inversions required to achieve an

even di sper si on thé dgiaety Bisem istin thedo@of a §yridgecundébr Each repli cate began
with iron salt fully settled at the bottomof the test tube. [0046]

Settling behavio s also tested for each carrier liquid. Test tubes of
carrier liqui 8 \&é‘?&ﬁw%}’o%’d‘emlﬁﬁn@etf%ﬁlof%ﬁ%% botlg.at e (dried) or ferrous
fumarate at concentrations of 66 ng/nL of elemental iron. An even

di sper gbﬂ Iiﬂ‘%oﬂfépio?\’igd%s}ekétp,. ih@%é&h?ih@ﬂﬁ%xf ?é;i%tigmo u§@to"f't{1é‘9b8@e§dés d

allo to proceed an tinme require iron salt particulate to
show elelidamceystdm st dispagge the above-mentioned composition as a dietery supplement.

Preferred embodiments of this use may include any one or a combination of any two or more of

any of the following features:
e use of the to prevent iron deficiency in a mammal;
e use of the composition to prevent iron deficiency in a human;
e use of the composition to prevent iron deficiency in a human infant;
e use of the composition to treat iron deficiency in a mammal;
e use of the composition to treat iron deficiency in a human;
¢ use of the composition to treat iron deficiency in a human infant;
e use wherein the composition is initially applied to a physical surface;
o the physical surface is the exterior of a pacifier;
e the physical surface is a human breast;
o the physical surface is a human nipple;
o the physical surface is a human finger;
e the physical surface is a foodstuff;

e the physical surface is a solid foodstuff; and/or

11



WO 2013/ 003947PCT/ CA2012/ 000639 was recorded. Evidence of settling was
considered as a reduction in opacity throughout the top 1 cmof liquid in

t he test woke13/oda47] The results for both di spersion amdTa2012/000539
experinments are provided in Table 2. Table 2 Carrier Liquid D spersion (#
of inversions) Settling (seconds) Ferrous sulfate (dried) Ferrous fumarate

F | f ' ] diunchain triglyceride 7.3 0.6
Ferrous su a} € thdphyRfbhl SRELONS TARFRuSIYE

[0032] The present invention, inter alia, provides a composition and delivery system useful to
the prevention and treatment of iron deficiency anemia. Preferably, the composition is in the
form of a suspension of iron in an edible, digestible oil contained within a vial to the opening of

which is inserted Eurodropper plug.

[0033] As used throughout this specification, the term “prevent” is used to describe the capacity
of the composition to lessen the risk of iron deficiency anemia, and may also refer to the therapy

to prevent or treat one or more of the adverse effects associated with iron deficiency.

[0034] As used throughout this specification, the term “edible 0il” is used to refer to edible and
digestible oil, which is liquid at room temperature (20°C). The edible oil will suspend granules
of one or more salts of iron that are not encapsulated, but that may or may not be micro-
encapsulated. The oil serves as an excipient. Examples of such oils include mono-, di-and tri-
glycerides, especially extracted edible oils in hydrogenated form such as vegetable oil, castor oil,
cotton seed oil, corn oil, canola oil, rape seed oil, peanut oil, sesame seed oil, coconut oil and
mixtures thereof, as well as fractionated components isolated from such oils, particularly

medium-chain triglycerides.

[0035] The iron of the present composition may comprise any bioavailable solid form of iron
including such salts of iron as ferrous fumarate, ferrous sulfate, ferrous gluconate, ferrous
succinate, ferric pyrophosphate, serric saccharate, ferric ortho phosphate or any other compound
capable of providing bioavailable iron preferably without encapsulation, but also including

microencapsulated forms of the compounds listed here.

[0036] The present composition may be supplemented with additional micronutrients, which
may function independently of iron to serve the nutritional needs of mammals. In a preferred

embodiment, vitamin D would be included as a component.

[0037] A method for use of the present composition to prevent or to treat iron deficiency in a
mammal is also provided. The method involves the steps of adding a therapeutically effective

amount of the composition to a food, or directly into the mouth of a mammal or on to an exterior

12



42.3 + 8.5 16.3 1.2 Rapeseed oil 62.0 6.0 167.0 7.0 238.7+ 5.9 144.0
5.7 Adive oil 27.3 4.5 84.0 1.4 213.3+ 7.6 95.5+ 4.9 Water VA 4.3 0.6
N A 1. 0+ W02013/003947 PCT/CA2012/000639

surface to be licked or sucked off. This method starts by having the liquid composition within a
Eurodropper stoppered vial, sealed with a screw top cap. To suspend the iron powder, the vial is
shaken vigorously by holding the vial by its cap and swinging it back and forth like an old-
fashioned fever thermometer, the screw top is removed, the vial is held upside down to permit
one or more drops of the iron suspension to be released from the nozzle portion of the
Eurodropper. After the dose is dispensed, the vial is placed upright and the cap closure is
reapplied to the vial. The one or more drops released contain the desired amount of elemental
iron and can be taken directly into the mouth, or applied to an exterior surface and sucked, or
added to food, infant formula or a beverage, or applied to a finger and wiped into the mouth (for

example, wiped inside the cheek of an infant).

[0038] In a highly preferred embodiment of the present composition, the carrier comprises a
medium chain triglyceride oil — e.g., medium chain triglyceride oil substantially comprising Cs-

Ciz triglycerides (see above).

[0039] Medium-chain triglyceride oils are conventionally obtained from the oil extracted from
the hard, dried fraction of the endosperm of Cocos nucifera L. or from the dried endosperm of
Elaeis guineensis Jacq. They consist of a mixture of triglycerides of saturated fatty acids, mainly
of caprylic acid (CgH160,) and of capric acid (CyoH20;). They contain not less than 95 percent

of saturated fatty acids having 8 to 10 carbon atoms. The oil is a clear solution.

[0040] In a highly preferred embodiment, the fatty acid fraction of medium-chain triglyceride

has the following composition:

Carbon-Chain Length | Number of Double Bonds | Percentage (%)
6 0 <2.0
8 0 50.0-8.0
10 0 20.0-50.0
12 0 <3.0
14 0 <1.0

13



[ 0048] A bal ance of rapid dispersion with slow settling is preferred for
the present conposition. Settling is inevitable for such a product given a
shel f |i fwoizniddosvs4range of nonths to years. Mai nt enancePofi/Garoizooos3gal t

di spersion over this tinme period would require a prohibitively-thick
carrier liquid (with viscosity in excess of 2,000 cp). As such, rapid

di SPerigil] Britéried AR 8F e FeskRAINERIdOWATYY GosB6R M foFideoR Of
iron salt throughout the carrier i mredi atefy prior to drop-w se

di sperfedowing exfipple9jvhich shesldmotibelusedad corstine oy binditie inverglopcer i de oi |

exhi bited acceptably rapid ferrous fumarate dispersibility relative to the
ot her ﬁ{igl rs. ter-based preparations tended to disperse either very
easi I)I @ marate) or not at all (ferrous sulfate (dried), likely
due to devel opnent of an interfacial |ayer of ferrous sulfate heptahydrate
on t hq0643]tit@Osaltrifiihé frin) of fER6UsSafe U THEBL M fBrrdvat amart® VeRXiRbv&itigded for
extrenely rapid settling. Rapeseed and olive oils carriers held both
susperkisnsrssbiliey and(setiling Behavior fya sange 9fcardenligiads. uffieisnfironsdlt was-added tees

i I hi i i - . h ils. b d
s canty e atieREch e bR Mot R SRRE! 199 PO Eap G 2o -
2013/ GhgabpPET c6MRR1c2418000818 {dHeekiatiby afop lififadt shffiehéntiNd). CERSH $oansalt was

exam ned to determne suitability of various dispersions for Eurodropper
di sperbppHep Wi epad i ionds offdiffeningoviscosityn theaesults azga provide@ in Tatle dbns of 66

ng/ mL, were nmade using nediumchain triglyceride oil. Each sanpl e was

shaken vi gorously and then invertethg i spense 10 drops. This was repeated
: . able :

until 60 drops were dispensed. The s for the average drop size are

reported in Table 3. Table 3 lron Salt (particle size) Average 10 Drop

Wi ght (ng SD r xaf umar ate ( . o264 ) rpus fumarate
(Watson, 149 M&wm‘ Rénsity (@/cht)
1

Water 1

Medium chain triglyceride 27-33 0.95
Olive oil 83.3 0.92
Rapeseed oil 230-270 0.91

[0044] The initial preparation of dry powder iron salts into suspension was achieved by
weighing the desired amount of dry powder, which was added to the liquid in a capped test tube.
The combination was shaken for about two minutes, and it was then allowed to settle overnight

to promote thorough particle whetting.

[0045] Suitability of the preparation for suspension was next tested by counting the number
inversions of the test tube inversions required to achieve an even dispersion of particles in the

carrier liquid. Each replicate began with iron salt fully settled at the bottom of the test tube.

[0046] Settling behavior was also tested for each carrier liquid. Test tubes of carrier liquid were
loaded with either ferrous sulfate (dried) or ferrous fumarate at concentrations of 66 mg/mL of
elemental iron. An even dispersion was achieved with inversion and shaking. Settling was then

allowed to proceed and the time required for the iron salt particulate to show evidence of settling

14



Ferrous sulfate (dried) NA **
Eur odr opper after 15 drops. ** Dispersion failed to dispense at all
t he Eur odwoppsvookscause t he powder clunped in the oil, @&ot/ceol2dedd9
openi ng. [0052] The effect of carrier liquid type on drop consistency was
next exam ned. Preparations of ferrous fumarate (149 gm particle size) were
pr epaneg rafd&. AviGaRs b k&ilny WiRoABEI 8% #al&dnSh Bhadly tARUPRCRRMMpHO

t hat descri bed above. The results for the average drop Size are reported in
Tabl e can of ligpnd Bethe testabage 10 Drop Weight (ng SD ) Medi um chain
triglyceride 276.2 3.0 Canola oil 284.8 4.7 Aive oil 285.8 3.5 Water

Ceel uci66147*] The results for both dispersion and settling experiments are provided in Table 2.

* Dispersion failed to di spense fromthe
from

Table 2

Carrier Liquid Dispersion (# of inversions) Settling (seconds)

Ferrous sulfate Ferrous Ferrous sulfate | Ferrous

(dried) fumarate (dried) fumarate
Medium chain 73+0.6 56.4+10.6 42.3+8.5 16.3+1.2
triglyceride
Rapeseed oil 62.0+6.0 167.0+7.0 238.7+ 5.9 144.0+ 5.7
Olive oil 273+4.5 84.0+14 213.3£ 7.6 95.5+4.9
Water N/A 43+0.6 N/A 1.0+ 0.5

[0048] A balance of rapid dispersion with slow settling is preferred for the present composition.
Settling is inevitable for such a product given a shelf life in the range of months to years.
Maintenance of an iron salt dispersion over this time period would require a prohibitively-thick
carrier liquid (with viscosity in excess of 2,000 cp). As such, rapid dispersibility is also a
preferred feature to ensure even distribution of iron salt throughout the carrier immediately prior

to drop-wise dispensation.

[0049] It was found that medium chain triglyceride oil exhibited acceptably rapid ferrous
fumarate dispersibility relative to the other carriers. Water-based preparations tended to disperse
either very easily (ferrous fumarate) or not at all (ferrous sulfate (dried), likely due to
development of an interfacial layer of ferrous sulfate heptahydrate on the settled iron salt).
Ferrous fumarate in water also exhibited extremely rapid settling. Rapeseed and olive oils
carriers held both suspensions well (each settling at >90 seconds) but required 1.5-3 times more
agitation to achieve dispersion — consequently, these oils can be used as carriers but a less

preferred than medium chain triglyceride oil.
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* Dispersion failed to dispense at all fromthe Eurodropper, since
suspension settled so quickly, it occluded the opening out of the dropper
bottle. WO2B01B0Q03947PCT/ CA2012/ 000639 [ 0053] Fer r ous PrCuraat280b@Es shown
to be a particularly suitable iron salt in ternms of consistent performance
in the Eurodropper regardl ess of carrier liquid. The viscosity carrier

i qui oﬁﬂ]hi g%ﬂgzcan al so be adjusted to optim ze the quality of the
product by conmbl ning one or nore other edi ble oils, such as bees wax as a
t hi ckener &9054] Exanpl e 3 [ 0055] is well known that edible oil is
susced994] Orop mu@ncy)nvaSpcxmmuemgo cdetermimwltabdttpmanImddlslmmm lfwrg oi |

qual it rehe |ve Revi e i n Food Scien

ot et oSG Aotttk (BRI AT S or e o SRRt nS B S A L o etha

i s of el ik Medn@h C@ath Iaeglyéeﬁqeldn C%a@h'sﬁﬁ@l@Wa@%h% QfgokdiBlyOhhc thdn0056]
Susceptibility of nmediumchain triglyceride oil lipid perOX|dat|on was
exani neyeried te Hispenss d Ackzopsn dlhis wg@re@eatgct uﬁtﬂ ﬁﬁgirmts wtlemasedl flba resiltk dorr ous
fumare% 225 ferrous&%a%elg Ol without and with iron was
pr epared? fﬁw W2 &CFEPorich dp Tahle o V|als capped with a Eurodropper cap,
and |ncubated at 40 degrees Centlgrade for accelerated stability testing,

as is comonly done in the pharnmaceutTgfé 3i ndustry to confirmthe

suitability of a product. [0057] Analyses of product stability and quality
were done agccording to United States Pharmacopea (USP 34) nethods. The

resul ts are| repBalt epzhﬁdhe Siaf)l e 5. TABLE aveﬁ@%nmﬁmlmgl_-&sm TESTI NG OF
FERRQUS FUI\/lﬁi‘RﬁTE ''''' trom{m /m_) Carmed—content rrom—0775 0 75 0
rrous fumarate (Slgma X 264.7 102
Ferrous fumarate (Watson, 149 pum) 277.0+ 10.3
Ferrous pyrophosphate 266 *
Ferrous sulfate (dried) N/A **

* Dispersion failed to dispense from the Eurodropper after 15 drops.

** Dispersion failed to dispense at all from the Eurodropper because the powder

clumped in the oil, and occluded opening.

[0052] The effect of carrier liquid type on drop consistency was next examined. Preparations of
ferrous fumarate (149 pm particle size) were prepared and drop consistency was measured using

similar methodology to that described above. The results for the average drop size are reported

in Table 4.
Iron Salt Average 10 Drop Weight (mg +SD )
Medium chain triglyceride 276.2+ 3.0
Canola oil 284.8+ 4.7
Olive oil 285.8+ 3.5
Water Occluded *

* Dispersion failed to dispense at all from the Eurodropper, since suspension settled so

quickly, it occluded the opening out of the dropper bottle.
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75 Time (nonths) at 40 CTenp 0 0 2 2 6 6 TEST METHOD SPECI FI CATI ON
RESULTS Iron (% of claim USP(1) 90-120
WO 2013/003947 PCT/CA2012/000639

[0053] Ferrous fumarate has shown to be a particularly suitable iron salt in terms of consistent
performance in the Eurodropper regardless of carrier liquid. The viscosity carrier liquid edible
oil can also be adjusted to optimize the quality of the product by combining one or more other

edible oils, such as bees wax as a thickener

[0054] Example 3

[0055] It is well known that edible oil is susceptible to oxidation, producing off-flavor
compounds and decreasing oil quality (Choe and Min, Comprehensive Reviews in Food Science
and Food Safety 2006 Vol 5:169-186). Vegetable oils are known to contain iron that is of

particular concern because it catalizes oxidation of the oils.

[0056] Susceptibility of medium-chain triglyceride oil to lipid peroxidation was examined in the
absence and presence of 75 mg/mL elemental iron as ferrous fumarate (225 mg ferrous fumarate
per mL). Oil without and with iron was prepared, 10-mL in 15-mL amber glass vials, capped
with a Eurodropper cap, and incubated at 40 degrees Centigrade for accelerated stability testing,

as is commonly done in the pharmaceutical industry to confirm the suitability of a product.

[0057] Analyses of product stability and quality were done according to United States
Pharmacopea (USP 34) methods. The results are reported in Table 5.

TABLE 5. ACCELERATED STABILITY TESTING OF FERROUS FUMARATE IN OIL*

Iron (mg/ml.) Claimed content of iron 017510 ]75|0] 75
Time (months) at 40 C Temp 0)012] 2166
TEST METHOD SPECIFICATION RESULTS

Iron (% of claim) | USP(1) 90-120 NA| 101 |[NA |94 |NA| 106
Peroxide value USP<401> <5 meq/Kg 0|12 (0410 1
p-Anisidine value | USP<401> <16 meq/Kg 0]<2|1]03]0]0.04
Total oxidation USP<401> <26 meq/Kg 0| 412 |8]0} 2

*NA indicates the percentage value is not applicable, since there was no iron present
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NA 101 NA 94 NA 106 Peroxide val ue USP<401> <5 neq/Kg 0 2 0 4 0 1
p- Ani si di ne val ue USP<401>
WO 2013/003947 PCT/CA2012/000639

[0058] Surprisingly, all of the results of testing remained within USP specifications throughtout
the 6 months of testing. Ferrous fumarate suspension in medium chain triglyceride has thus
shown to be a suitable iron salt in terms of stability and resistance to oil oxidation. Although
other oils and salts were not tested in a similar manner, based on the results in Table 5 it could be

expected that other oils and iron salts can also be found to be suitable.

[0059] While this invention has been described with reference to illustrative embodiments and
examples, the description is not intended to be construed in a limiting sense. Thus, various
modifications of the illustrative embodiments, as well as other embodiments of the invention,
will be apparent to persons skilled in the art upon reference to this description. It is therefore

contemplated that the appended claims will cover any such modifications or embodiments.

[0060] All publications, patents and patent applications referred to herein are incorporated by
reference in their entirety to the same extent as if each individual publication, patent or patent
application was specifically and individually indicated to be incorporated by reference in its

entirety.
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WO 2013/003947 PCT/CA2012/000639

What is claimed is:

1. A composition comprising: (i) a non-encapsulated iron salt, and (ii) a carrier comprising

digestible edible oil that is a liquid at 20°C.

2. The composition defined in Claim 1, wherein the non-encapsulated iron salt is selected
from the group consisting of ferrous fumarate, ferrous succinate, ferrous gluconate, ferric
pyrophosphate, ferric saccharate, ferric orthophosphate, ferrous sulfate and mixtures of two or

more of these.

3. The composition defined in Claim 1, wherein the non-encapsulated iron salt is ferrous
fumarate.
4, The composition defined in any one of Claims 1-3, wherein the digestible edible oil is a

naturally occurring oil.

5. The composition defined in any one of Claims 1-3, wherein the digestible edible oil is a

vegatable oil.

6. The composition defined in any one of Claims 1-3, wherein the digestible edible oil is
selected from from the group consisting of fractionated palm oil, coconut oil, olive oil, sesame
oil, borage oil, canola oil, corn oil, almond oil, peanut oil, castor oil, cottonseed oil, rapeseed oil,

sesame seed oil, fractionated components of any of these and mixtures of two or more of these.

7. The composition defined in any one of Claims 1-3, wherein the digestible edible oil is a

triglyceride oil.

8. The composition defined in any one of Claims 1-3, wherein the digestible edible oil is a

medium chain triglyceride oil.

9. The composition defined in any one of Claims 1-3, wherein the digestible edible oil is a

medium chain triglyceride oil have at least 90% by weight C¢-C; triglycerides.
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*NA i ndi cates the percentage value is not applicable, since there was no
iron present WD 2013/003947PCT/ CA2012/ 000639 [ 0058] Surprisingly, all of

t he resulwe 20f3/tasiwi ng remai ned within USP speci fi cati orsTidao1zgoocsat the 6
nont hs of testing. Ferrous fumarate suspension in mediumchain triglyceride
has thus shown to be a suitable iron salt in ternms of stability and
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t hat onedinmahhin tagkyccmctﬁmlslwdvbsttlrast%%by weighoOp €4 teiglyeerdddst abl e. [0059]
VWhile this invention has been described with reference to illustrative

enbodi nent s,and _exanpl e t he descri on | no i nt t onst rued
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apparent to persons skilled in the art “upon re erencé to this descri ption.

It is therefore contenplated that the appended clains will cover any such
nodi f i Kat i ohts empositienidelinedin quyom]of;@lampubm whereiorths digastible sdibledoibistnt
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patent application was specifically and individually indicated to be
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What is claimed is: onposi tion conprising: (i) a non-encapsul ated

i ron dHelycerggior 1S|S)1bséaft¥@}h/|°@mpl§€ﬁlrbldil$§tlﬁ@}i digestible edible oil that is a
liquid at 20C. 2. The conposition defined in Claim1, wherein the

non- e ps S ecte sting of ferrous
i o, T Elinbd e el Sn DBy RS LRI $12. Wil SROSE Bphins™

f er r i cnbdure béittetrredifirarchaia mgltybmmamﬁlmamn ffaetioriial aliblé afle and mi xtures of
two or nmore of these. 3. The conposition defined in Claiml wherein the
non- enlcsaps s. ferrous fumarate. corrp03|t| on defined

uh;;lt ed iron s ft

in any'“one eemporEtion gefingdeingfpimpld, df/@f‘é%lflubbﬁén%chwal ‘élam (riglycezida Ailiisl | y
occurr 0

OpCu ragnbim o ERGATRAS 0P 54 067 /vl ot Ragasaile o

def i nedil makarqp thmbala(ice(dfalnermmlura, wherein the digestible edible oil is

sel ected fromfromthe gr oup consi sting of fractionated palmoil, coconut

oil, Oll ve Qi l sesame o e oi I noil, al rmnd oil,

| |, .
peanut i | | awsﬁiop 98?4 H‘n ?Peo?tl Claf?rg{])gslgeg’hﬁ‘ie}ncg‘éé@&??é‘c%fééldteél Ifon
fract isanat Bebs&R TR A BRiotnOk RidOht & S8o@S ﬁg@é&ﬁe‘ﬁ&l %M&g estiiE %dei

these. 7. The conposition defined in any one of Calns erein th
di gestdibl e edible oil is a triglyceride oil. 8. The conposition defi ned in
any one of Claims 1-3, wherein the digestible edible oil is a medium chain

trigl YR dﬁleoc'olmposmon defined in any one of Claims 1-15, wherein the non-encapsulated iron
salt is present in an amount to provide from about 25 mg elemental iron/mL digestible edible oil

to about 150 mg elemental iron/mL digestible edible oil.

18. The composition defined in any one of Claims 1-15, wherein the non-encapsulated iron
salt is present in an amount to provide from about 40 mg elemental iron/mL digestible edible oil

to about 120 mg elemental iron/mL digestible edible oil.

19.  The composition defined in any one of Claims 1-15, wherein the non-encapsulated iron
salt is present in an amount to provide from about 40 mg elemental iron/mL digestible edible oil

to about 100 mg elemental iron/mL digestible edible oil.
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9. The conposition defined in any one of Clains 1-3, wherein the digestible
edible oil is a nmediumchain triglyceride oil have at |east 90% by wei ght
C6- C12 trwolzyasdes. WO 2013/ 003947PCT/ CA2012/ 000639 PL@/CARhE/(0@I3POSI ti on
defined in any one of Clains 1-3, wherein the digestible edible oil is a
medi um chain triglyceride oil have at |east 95% by wei ght C6-Cl12

triglygeri - compbsiti jy b ' i cl al -

wher eWt'hgﬁ%i cgoest i g{ggedggﬁiﬁjgﬁ%r}){ &}Es&:érr?e I br%?c g?rﬁ&?ﬁfg%gggﬁﬂgglagﬁdﬁr%nave
at | easlt i9pSisdny imen gmbwEse Gidvide frgrhyabeuti (ang eletrntal renmdnpipsstitloeditkfdihed

in any one Clains 1-3 erein the.digestible edible oil is a nmedium
chain t?raB%lft%)éPg Faill&m(?m%l Hgv\éﬁa‘ilg?sé‘giﬂte%gge/gﬁy wei ght C8-Cl10 triglycerides.
13. The conposition defined in any one of Clains 8-12, wherein the nmedium
chai n 211 gI'MeEdffosRidn defined ARt bl by CEARP! 1C2E! trtHESrtiprithe af fbastTHfe
conposition defined in any one of Clains 8-12, wherein the carrier

conpr isspplemeniaknuirientof t he nedi um chain triglyceride oil and
non-fractionated edible oil. 15. The conposition defined in C aim 14,

whereip th diumchain.tri.glyceride oil .S present Jin an anmount .of from
about j%O% ﬁ)ﬂgg%)g?ﬁosgmsﬁ)dgf;}n%géﬁ?lma%d V\(lﬁgellhhﬁ_sﬁpliglppgﬁ WL YA npkes
up the balance of the mxture. 16. The conposition defined in any one of
Q ai m231- 1SThedwdipisitioh Refin@hineOlan U] whadin the BuspMheritd MHSEN a ifat-s8ubkount
to provide at | east about 25 ng elenental iron/nL digestible edible oil.

17. THé@EHBposition defined in any one of Cains 1-15, wherein the
non-encapsul ated iron salt is present in an anount to provide from about 25
ng el nt [ - di i ol [ 1. A0y .
Font i gt oRftShiof AR v g a1l 220" R G Pofbe R R o

A ai meselected, frovh eliee group engistingestod famih A, 6dtainio B, $hdrhin & apd eBikfires 6f B afount
to provide fromabout 40 ng el enental iron/nL digestible edible oil to
about M1 ofghest-enental iron/nL digestible edible oil. 19. The conposition
defined in any one of Cains 1-15, wherein the non-encapsul ated iron salt
is pr nt g ; ' I 3 ( : Lran/ m

di ges'?zi%gl e ltja i%ﬁ% ol tgkgggﬁgydl@%nkgﬁg})g%ﬁ%ﬁi@gﬁﬁ&g{gg@ﬁ% e edible
oil. WD 2013/003947PCT/ CA2012/ 000639 20. The conposition defined in any
one of26C aiUss df-thécompesiteinndefined mamyesreaf<ilhiatseld24 toopresait ironsleficiesgnin 4 n an
anount _to By ovi de from about 60 ng elenental iron/nL digestible edible oil
to abd®™¥8 ny el enental iron/nL digestible edible oil. 21. The
conposition defined in any one of Clains 1-20, further conprising at |east

one suppl enBg sl thdedthpéiton defined in any one of Claims 1-24 to prevent iron deficiency in a

human.

28.  Use of the composition defined in any one of Claims 1-24 to prevent iron deficiency in a

human infant.

29.  Use of the composition defined in any one of Claims 1-24 to treat iron deficiency in a

mammal.

30.  Use of the composition defined in any one of Claims 1-24 to treat iron deficiency in a

human.

31.  Use of the composition defined in any one of Claims 1-24 to treat iron deficiency in a

human infant.
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22. The conposition defined in Caim2l1, wherein the supplenental nutrient
is avitamn. 23. The conposition defined in Caim?2l, wherein the

suppl emenweal2omsusddent is a fat-soluble vitamn. 24. TheCTamo/wian
defined in any one of Cainms 22-23, where the supplenental nutrient is
selected fromthe group consisting of vitamn D, vitamn E, vitamn K and

m Xt urgs OfTHeWRe QEAfidY 18 2 ohBes élaim3§5-3l11$€«ha{eintth€§%9ﬁ@£§&% @aﬁgé%' Gnd N

any one of Clains 1-24 as a dietery supplenent. e corfposition
def i ned Glaimsrly24isaniviallChpplied td ap dxteonphaviealtsuifacn defi ci ency in a mammal .
27. Use of the conposition defined in any one of Clains 1-24 to prevent

of "0t e 13t BRI 3 Snerf ol B BT R s ectio. " S0 of

the conposition defined in any one of Clains 1-24 to treat iron deficiency

in a resmalThe W30 defised i0TCIAIRE3Z; WHefsn tHe@Rtediof pi@ttal Surfidy isouredn fidgdt s 1- 24
to treat iron deficiency in a human. 31. Use of the conposition defined in

any one of Clainms 1-24 to treat iron deficiency in a human infant. WO
2013/ 09394 7HEHseAsines) ip 0% 8032, stheremthe gxterige physical suifageis admask nipplai s

25-31, wherein the conposition defined in any one of Clains 1-24 is

initi y | d j Ay Si . . T defined in
Glaim e esF Aefite i P, Kl e sRlerDl BOARALsufide i PBRETST 100 0.
defined in Caim32, wherein the exterior physical surface is a human
finger37. 35lheTuse deSmeddeGlaien3 2, whetein the2Rteriohphiysical surface istaegolidrfoqdsnst.cal
surface is a human nipple. 36. The use defined in Caim32, wherein the

exter 'R phﬁ'lsel use ldef?rlljerdflg%ﬁallm%f} vxth%?e(ljg hlléfexterlor physical surface is a liquid foodstuff.

39. A delivery system comprising a housing containing the composition defined in any one

of Claims 1-24, the housing configured to dispense the composition.

40.  The delivery system defined in Claim 39, wherein the housing comprises a nozzle that is

configured to dispense as little as one drop of the composition.

41.  The delivery system defined in Claim 39, wherein the housing comprises a nozzle that is

configured to dispense multiple drops of the composition.

42.  The delivery system defined in Claim 39, wherein the housing comprises a nozzle that is

configured to dispense only a single drop of the composition.

43, The delivery system defined in Claim 39, wherein the housing comprises a nozzle that is

configured to dispense at least one drop of the composition when the housing is inverted.

44.  The delivery system defined in Claim 39, wherein the housing comprises a nozzle that is

configured to dispense multiple drops of the composition when the housing is inverted.

45.  The delivery system defined in Claim 39, wherein the housing comprises a nozzle that is

configured to dispense only a single drop of the composition when the housing is inverted.
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37. The use defined in Caim32, wherein the exterior physical surface is a
solid foodstuff. 38. The use defined in Caim32, wherein the exterior
physi cal worbso®3#43 a |iquid foodstuff. 39. A deliveryPsystaem2000q3pi Si ng a
housi ng contai ning the conposition defined in any one of Clains 1-24, the
housi ng configured to di spense the conposition. 40. The delivery system
defin in i , rel L q i i

cont i gy ed 1 Uued sy ORI ed WGy SHE LEOHATR SR Lt BRESIR drifer btge. 11
delivery systemdefined in Caim39, wherein the housing conprises a nozzle
t hat 4. conffliegigtizerytsysteiinsisBnedinranly onp bECHirop 3966, intlee foompdan eyodroppd2. The
delivery systemdefined in Caim39, wherein the housing conprises a nozzle
that i,5 confi ed to dispense. only a sihgle,drop of fthe conposition. 43.
The de fve?l;}{eg%éye S&%?‘Prﬁ%ﬁn?cﬁmdnﬁioﬁ? gé?&%ﬁ%?%‘"ﬁ’ ’Pﬁlée Hf}éﬁﬁglf) W%fpri ses a
nozzle that is configured to dispense at | east one drop of the conposition
when t49¢ holigi defivérs systvrdesifled indhy oh 6f Ry 8945 S ShEBral@flaRgaeez8 b&iRI M 39,
wherein the housing conprises a nozzle that is configured to di spense

mul tiple drops, of the conpagsition when the housing is inverted. 45. The
del i vety syldjecipliyernyisyatem; defiopdyinanyonewh £laims 3019 thelispenss thoagmpesitionaastozz| e
that i I to dispense only a single drop of the conposition when

t he héﬁ?ﬁﬁg%rgwﬁﬁggrted. WD 2013/ 003947PCT/ CA2012/ 000639 46. The delivery
system defined in any one of Clainms 39-45, in the formof a dropper bottle.
47. Tid. delUseanfithsgdivery defenndefined imayy omeofdflaithsed 989 #9prdfent iirdn ideficibaeym of
an eye-dropper. 48. The delivery systemdefined in any one of C ains 39-45,
in thé®AdR4MBRl a syringe. 49. The delivery system defined in any one of
Clains 39-45, in the formof a squeeze bottle. 50. Use delivery system

defin in j : ' . } b letery
suppl oot . RO REAGNSEY s S i A bR 0 P IRkt Hn BB R
39- 49 ih@ hpmement iron deficiency in a manmal .

53.  Use of the delivery system defined in any one of Claims 39-49 to prevent iron deficiency

in a human infant.

54.  Use of the delivery system defined in any one of Claims 39-49 to treat iron deficiency in

a mammal.

55.  Use of the delivery system defined in any one of Claims 39-49 to treat iron deficiency in

a human.

56.  Use of the delivery system defined in any one of Claims 39-49 to treat iron deficiency in

a human infant.

57.  The use defined in any one of Claims 50-56, wherein the composition defined in any one

of Claims 1-24 is initially applied to a physical surface.
58.  The use defined in Claim 57, wherein the physical surface is a pacifier.

59.  The use defined in Claim 57, wherein the physical surface is a part of the skin of a

human.
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52. Use of the delivery systemdefined in any one of Clains 39-49 to
prevent iron deficiency in a human. 53. Use of the delivery system defined
in any orwoab13@oad4ns 39-49 to prevent iron deficiency i rCa/da2oernoddsbant .

54. Use of the delivery systemdefined in any one of Clains 39-49 to treat
iron deficiency in a mammal. 55. Use of the delivery systemdefined in any
one ofgoCl ai T w3 dédfhddan CIS#E 57, %@reﬂ?th'e%h?ﬁ@éf shrfac? iS4 HBfan nipPle. Us€ of the
delivery systemdefined in any one of aims 39-49 to treat 1ron deficiency
in a human infant. 57. The use defined in any one of C ains 50-56, wherein
t he cdérposithieoe defineddn Glaimady wineinthe phusical sarfas is 8 foadstuffal |y applied to a
physi cal surface 58. The use defined in d ai m 57, wherein the physical

surfa paC| efined.in i m in the
ohys: &2 oUfheRRE Uil i Clim 57 SR AR mhich s T Hiha rodUSLAE
2013/ 003947PCT/ CA2012/ 000639 60. The use defined in Caimb57, wherein the

physi @3l surdease defined ih O1@Eh 57, Wllefein hé phydical YeGacdas hﬂ@ﬁﬁdlfﬂoﬁtﬁf m 57,
wherein the physical surface is a foodstuff. 62. The use defined in C aim
57, wherein the physical surface is a solid foodstuff. 63. The use defi ned
in Caim57, wherein the physical surface is a |liquid foodstuff.
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