A METHOD FOR INCREASING BONE DENSITY AND/OR REDUCING ANY OSTEOCHONDRAL
DEFECTS._IN. AN ANIMAL AND A COMPOSITION INCLUDING VITAMIN K Technical Field 5The
present invEMSH1&14#2 to a method for increasing the bone density and/&CR4TRMY ¥ chondral
defects in an animal and various compositions including vitamin K suitable for administration to an
animal. Background of the Invention The information provided herein and references cited are
provided solely to assist inthe understanding of the reader, and do not constitute an admission that
any of the references or information is prior art to the present invention.  Bones are rigid organs

forming part gf fhe @Wg&@%ﬂ&t@%}%@%@gu rﬁj}iﬂb@ e %%}\&nd protect

various organs of the body, produce red and w and store minera ones come in a

variety of shap@S A6 AL EAMBIEREREM Y Y SAIMA SANRS. TRAJRASEINEHY, hard and
lightweight. ~ Bone is a dynamic tissyguaQReiant! YV eraageiing itself in response to the forces of
impact and loading. Bones are made up of two types of bone tissue, cortical bone and trabecular
bone. Cortical bone is the dense bone that,piv s bones, their shape and strength. It makes up about
80% of the adult skeleton. Trabecular bone igc}'ﬁ?éi} é?ZO or honeycomb bone that forms in the

ends of the longiRoprssuriavadion Rakons MM foSHIPLsheNgIMIiesRrsdeasEAlly attributed

to normal bgne reacting to aébnormal circumstances however this is often not the case. Bone injuries
can be ca 881%8%3%5’% FRh bt Pt AT RBATALIRNSRIBPRE AR g MERg BEABMjuries
result frork 2btsvkaoidreakansdbhanenaleigalvith small stress fractures that predispose the bone to
more serious injury. For example osteoporosis is'a consequence of an imbalance between bone
formation -and resorption of bone. In ' fdﬁés' r huilding stronger bone is vital in order to
prevent serious bone injury. It%v%l?%mgg able &y‘g?g%rgg methods of increasing bone density
in an animal soTB@asfermetienphondihhayiancthiorpfedsecemppaiigiswdiablador thaaame.

Sumirpary}cl)g hl?dg}gentpnn Ir(1) fat(’i{éStrga‘S(fe?Ctdntge re%?nt 'invten ion is djrected to,the use ?%I composition
vitamin Ki, vitamin K.2 ofa mixture of vitamin Rl ahd Sitamin K22t8 gﬁ‘?ép\ﬂ/iltﬁaé ARYs I%?cally

acceptabb@%aw_i@_ﬁ; ekm@mma’nqbrmimm iq ﬁh@mmmtfémtanﬁmi.a m_edicament for ir_lcreasing bone
density, maintaijng baas feg i AnBLBhIb G tsk,ef AN AR Andial foduciag steochondral

defects in an equine or avian comprising administering to an equine Or avian an effective amount of a

the medicErREANDGHATSEEBIRY BsPBoTh ansrasdaetpanne e s afiseridhetbafe peslotaredmpbsition
including wil@ i del IRMR1ERRY Aimikive shyitaning! And vilasn d2Haasthes Wilbea,
physiologically acceptable carrier, excipient and/or diluentin the manufacture of a medicament for
incréa‘\sinﬁ%{ﬁ?ﬁdffm%ﬁﬁ?ﬁﬁ’iﬁ?‘@ FTEAWGuih e aistoney Bay ant hekiwoiale by diet. In a third
aspect, the preBent invedyaarisdifesiedinshatiise-afol SOmRPeSIoN coMSRING the forces of
impact and loading. Bones are made up of two types of bone tissue, cortical bone and
trabecular bone. Cortical bone is the dense bone that gives bones their shape and
strength. It makes up about 80% of the adult skeleton. Trabecular bone is a “mesh like’
20 or honeycomb bone that forms in the ends of the long bones surrounding the bone
Marrow., |
Serious bone injuries are generally attributed to normal bone reacting to abnormal
circumstances however this is often not the case. Bone injuries can be caused through
abnormal bone reacting to normal impact and loading. Many bone injuries résult from
25 areas of weakened bone along with small stress fractures that predispose the bone to more
serious injury. For example osteoporosis is a consequence of an imbalance between bone
formation and resorption of bone. Increasing bone density or building stronger bone is
vital in order to prevent serious bone injury. |
It would be desirable to provide methods of increasing bone density in an animal so

30 asto prevent bone injury and to provide compositions suitable for the same.



vitamin K1, vitamin K2 or a mixture of vitamin 1(1 and vitamin K2, together with a physiologically
acceptable carrier, excipient and/or diluent and wih or without an adjunct vitamin or mineral in the
manufacture of a medicament for increasing bone density, maintaining bone density and/or inhibiting
loss of bone density and/or reducing osteochondral defects in an equine or avian wherein the use

comprises administration of composiigh,in4RagH BRRURLINE-BHgiMmum achievable level of carboxylated
osteocalcin in the equine or avian being treated. In a fourth aspect, the present invention is

directed to a UV stabig anpa waler, SplliBle. ComPaRIion.CRMRLSIIGhe use BRI GlidaRIL GA0r &

mixture of vitamin K1 and vitamin K2, éncapsulated into a cyclodextrin; beta-carotene; and an
emulsifier and/8FHHICRS Mgy Vitanieg fifth aspect, the present invention is directed to a UV
stable powder EbthBEidTh Co rABTHEIGIR A RRIFEE2N A9 drla et recotivitandier Kitsndivitamin K2s
encapsulated intoracyciodestrin detarearbtenesaingemmsifienandsarthickenirgiageninoptionally

diluted by a dilyeft:,, 10 3:ShsiR ASRACt.ADE RLeSSN! inventinn s diiested 1 a V. stallg powder
composition compri sm%:dwtartnln 1(1, wtanyn 1152 or a%nnéture of V|t?m|n ICI and vitamin K2,
encapsulated iF8 8 S I0HEXHIN & P4 hetarcardtenar Vitamin D% A st Sifar&stior thickening agent;

optionally diluted by 3, djuelly .0 aSeyRal SRRl e renantinention Biseled jaaldkstable

powder composition comprising: vitamin K, vitamin 1(2 or a mixture of vitamin Kl and vitamin 1(2;

beta-carotene; Vel DI 4B AU SHEAHA S ifeening agent;  the Vitamin (1 or vitamin K2 or
mixture thereoffdptbriiyieheapsthstatiimeastiaens Bhiror el rargptorrity diftediBsandiluent.

the manufacture of a medicament for increasing plasma level of vitamin K in an equine or avian

bevond that achievable by diet.

In 2 third aspect, the present invention is directed fo the use of a composition containing

vitamin K1, vitamin K2 or a mixture of vitamin
¥1 and vitamin K2, together with a physiologically acceptable carrier, excipient and/or diluent and

with or without an adjunct vitamin or mineral in the manufacture of a medicament for increasing
bone density, maintaining bone density and/or inhibiting loss of bone density and/or reducing
osteochondral defccfs in an equine or avian wherein the use comprises administration of
composition to reach about the maximum achievable lével of carboxylated osteocalein in the

equine or avian being treated.

In a fourth aspect, the present invention is directed to a UV stable and water solubie
composition comprising:

vitamin K1, vitamin K2 or a mixture of vitamin K and vitamin K2, encapsulated
into a cyvclodextring

beta-caroteng; and

an emuisifier and/or thickening agent,

In a fifth aspect, the present invention is directed to a UV stable powder composition
comprising:
vitamin K, vitamin K2 or a mixture of vitamin K and vitamin K2 encepsulated
mto a cyclodextrin;
beta-carotens;
an emulsifier and/or thickening agent;
optionally diiuted by a diluent. -
In a sixth aspect, the present invention is directed to a UV stable powder composition
comprising:
vitamin Kl, vitamin K2 or a mixtore of vitamin Kl and vitamin K2, encapsulated

into 2 cyclodextrin;



In an eighth aspect, the present invention is directed to a UV composition comprising: vitamin Kl,
vitamin 1(2 or a mixture of vitamin K1 and vitamin K2, encapsulated into a cyclodextrin; and a UV
absorber. In a ninth aspect, the present inventjon is directed to a horse supplement comprising the
composition of the pjagaja}d{a@ntron Also described herein is a method of increasing bone density,
maintaining bone densit /or inhibiting loss of bone density and/or reducing osteochondral defects
in an animal comprrgfﬁaé’éfbla% mistering to an animal an effective amount of a composition containing:
vitamin K |, vrtamrnah(&mlaﬁmndmd&mﬁ:vﬁamrﬁglﬁgbﬁﬂd vitamin 1(2, together with a physiologically
acceptable carrier ?‘81’1 n% g{gé |Iu%|{ ﬁrther described herein is a method of increasing plasma
level of vitamin K |n n ani eyon Schievable by diet comprising administering a composition
including vitamin K1, vitamin K2 or a mixture of vitamin ICI and vitamin 1(2, together with a
physiologically acceptablé éaifisrtiessipibritantfor diverioniis didessribed Bergmismawiethodokition
increasing bone desgitsidpaintaining bone density and/or inhibiting loss of bone density and/or

reducing osteochon feqt ring a Iposition containing
diakalaiRa!s, Inamhaniraak comprs %%%@E@Rt% st |

vitamin K1 , vitamin 1(2 or a mixture of vitamin 1(1a h a physiologically
acceptable carrier, é?&f?p?é’fﬂtﬁﬁ'd/or diluent and with or without an adjunct vitamin or mineral, to reach
about the maximum-agkwgyaiile level of carboxylated osteocalcin in the animal being treated. 2b Also
described herein is a_ com %rtlon nj@ vitamin Kl, vitamin 1C2 or a mixture of vitamin K1 and
vitamin K2; and a U\%naebsor er. ur ﬁes’gﬁgegeﬁ&rem is a stable and water soluble composition
comprising: vitamin i vitamin X( or mmmﬂézoéwmmd(&:ar&dfvﬂmmm{ﬁ,eb&tma@mﬂ@ and an
emulsifier and/g{a}bﬁcgﬁmgg&g@t Also described herein is a stable powder cormposition comprising:
vitamin 1(1, vitamin 1(2 or a mixture of vitarhin K1 and vitamin K2; and beta-carotene; an emulsifier
and/or thickening ag‘éﬁ’c" dﬁgﬁ%@téﬁ #figustarch and/or a zeolite and/or WO 2009/146490PCT/A
U2009/000693 3 diluted by a diluent. Further described herein is a stable powder composition
comprising In an eighth aspect, the present invention is directed to 2 UV composition comprisiﬂg‘

vitamin K1, vitamin K2 or a rmxture of vitamin K1 and vitamin K2, cncapsulated
into a cyclodcxtnn and
4 UV absorber.

In a minth aspect, the present invention is directed to a horse supplement comprising the
composition of the present invention.
Also described herein is a method of

increasing bone density, maintaining bone density and/or inhibiting loss of bone density
and/or reducing osteochondral defects in an animal comprising administering to an animal
an effective amount of a composition containing:

vitamin K1, vitarnin K2 or a mixture of vitamin K1 and vitamin K2, together with &
physiologically acceptable carrier, excipient and/or diluent.

Further described herein is a method of
increasing plasma level of vitamin K in an animal beyond that achievable by diet
comprising administering a composition including vitamin X1, vitamin K2 or a mixture
of vitamin KI and vitamin K2, together with a physiologically acceptable carrier,
excipient and/or diluent.

Also described herein is a method of
increasing bone density, maintaining bone density and/or inhibiting loss of bone density
and/or reducing osteochondral defects in an animal comprising;

administering a composition containing vitamin K1, vitamin K2 or a mixiure of
vitarnin K1 and vitamin K2, together with a physiologically acceptable carrier, excipient
and/or diluent and with or without an adjunct vitamin or mineral, 10 reach about! the

maximum achievable level of carboxylated osteocalcin in the animal being treated.



vitamin K1, vitamin 1(2 or a mixture of vitamin K1 and vitamin 1C2; 5beta-carotene; Vitamin D2 or D3
or a mixture of Vitamin D2 and 11)3; an emulsifier and/or thickening agent; encapsulated into a starch
and/or a zeolite and/or diluted by diluent: Also de&tribed herein is a stable powder composition
comprising: vitamin KI, vitamin K2 or a mixture of vitamin 1(1 and vitamin K2; beta-carotene; Vitamin
D2 or D3 or &MiiEFERSAREH 1 D2 and D3; 15an emulsifier and/or thickening agent; a mineral active;
encapsutatepositoa starphisamgl/or a zeolite and/or diluted by a diluent being a mixture of
monosacchar{fcllg ogndig?c‘gllgarigne@g sat%ﬁ:l'}uﬁlgg d%scr.ib herein is a horse supplement or horse
feed comprisinga{ﬁe con’lpogﬁllon as HeSBrbed Iy KEFBI™ Defi o‘ﬂ?mmrlﬂ%ﬁﬂﬂ)wing are some
definitions that Maytmetietpful in understanding the description of the present invention. These are
intended as ggrrﬁl%gadlegc%fgnét'ogs ang st,a%?uld din no way limit the scope of the present invention to those
terms alone, but are put for i 25tor & Better understanding of the following description.  Unless the
context rEgfgired Bthcpoisec sitispesifimaigingated to the contrary, integers, steps or elements of the
invention reciigghiigsain aaaiagyles begBrRLSRS ALBEHENIS FAIly erncompass both singular and
plural forms of the recited integers, steps or elements. 30Throughout this Specification, unless the
context requirdEioRFEFRE Ae word "comprise”, or variations such as "comprises” or "comprising”, will
be understoodierimphfithehardsiapkeha stalad step or element or integer or group of steps or
elements.or integers, but nat the exclusion of any other step or element or integer or group of
elements 4%%?%@8&%‘? 5t 154 1HB'Context of this specification, the term “"comprising” means
"includingppdncipalyefitivhaongeedsaarily solely”. Description of Drawings Figure 1 is a graph of

ercentage change in,radiographic bone density in.26 two, syear old yearlings administered with a
?ormulatign oﬁ?iaéq}hnv%rﬁgﬁgﬁlégn%% 878 nixinre bt Vitamin K ang Vita’%/_l?n Kz;gﬂnd

beta-carotene;
an emulsifier and/or thickening agent;

encapsulated into a starch and/or a zeolite and/or



QuinaquanoneTm. Detailed Description of Preferred Embodiments of the Invention It was
previously theught Hiakdiorses as herbivores obtain sufficient vitamin K for }Q’eg; r}?ﬁg;ﬁ[)gg%consuming
green fresh grasses and humans as omnivores consuming 10 vegetables an [aalry products. The
present inventors however have discovered for thesfirst time and contrary to popular belief that horses
with low bone mineral density are vitamin K deficient reflecting a low dietary intake. The present
inventors have discovered that it is possible to increase plasma levels of vitamin K in horses not
achievable by cénstshing:nalugad grasses by administering a composition including 15vitamin K.
Having regard to the above: (@) researchers have been looking at bone metabolism in horses,
specifically the VitARfh g5 ATEMi bstE8Ealcin since 1993 and it has never occurred to any
researcheps tdrvitapiss it drasoanyibimg to do with it;  (b) major horse nutrition texts, including the 2
"bibles" (Ensmir\}g(%{nl}/zll. 1 Z%ng' J.Ema}?tgere' emann I'W" %990) Feeds & Nutrition 2nd Ed.,
Ensminger Publishing o.’,‘& ovis Cali ornlai; and ﬁ’é%% I\?ijri ’r‘i?lﬁ’é}qlﬁ?rements of Horses, 6th
Ed., National AdetrenayoRmess, Washington DC) state that vitamin K is plentiful in horse food. In
g(ljglllt;%n F'Ehg o\r/l\llygrgr%t#%l %%?@%2%%%?&%}93}%% a;l%og3has algo bgen reported incorr_ectly.‘
.D., K. M, gesin 25 vitamin K status of growing
horses. J. Equi &etisesifier @ndyor Sgckenirgisgménly report the amount of "vitamin K status of horse
freely consuming,28kmavday B ylianyinnae PeLdRPemdryfood in a primary forage diet” which should
have read 261j.tg/day as analysed and confirmed by the inventors, and which is 1000 times less than
that reported b;ﬂ%‘i{?ﬁflamﬁ@{%m’rhe inventors on contacting the laboratory who did the test were able to
30 canfirm that e, amowat gueted isdpgorrect. As a result of these references, the question of vitamin
K deficiency in horses has not been guestioned, until this discovery and the false assumption that
horses ﬂ%@%%ﬁ%ﬂ%‘?ﬂiﬁ?fﬁ&ﬁ diet has been perpetuated. 5  (c) The inventors have
discovered thatvhasth&rsevitieisroke ior inativtaedT Kiteticiet-and Hisniregent inventors have also
discovered thatb%it%[‘ Qfonengnineral density (BMD) is significantly correlated with (1) lower VRL (visible
radiographic Iesmnsf, ?53 réduced 5incidence of dorsal metacarpal disease (DMD) and (3) high VK
(vitamin K) statd&tamivEdnoinDR (v K risavidely essodialez suidiDihree long-established misconceptions:
(a) coagulation requi or VK; (b) green leaves (leafy vegetables) and forages
provi%i surplus%/?l%ﬂ%%ﬂéﬁgj%ﬁ%%ﬁ%%%ﬁés; and (c) hindgut microflora provide sufficient VK to
prevent deficiericpITswAt@MINAK (VK) has therefore long been "taken as sufficient” in human and animal
nutrition, since inAQO f rf S 1S, 0BVI fficient to avoid coagulopathy.
This however isg%l%ﬁghig&g%& fll% ,%E%%%a?ggﬁﬁg ?e%%?g mer gtg %?L\é/ﬁ%%%s%s?aéﬁsﬁg% %?ﬂ%%njections
to vitaminIRDél%‘ﬁ’éi%%éﬂ@%d&ﬂdiﬁﬁéi?héﬂﬂﬁéﬂﬂﬁﬁﬁﬁhrombin times. The Recommended Dietary

Allowance RDA js 0.5-1.0 ji .of is.bodyweight (NRC, 1989). To achieye the RDA from a dietary
intake is howevér? d if%éﬁrfgéggét%%uﬁ%g\%ﬁgﬁﬁ%ﬁ%ﬂg F{ﬁ %rrg%rﬁev%%e‘i%%?él Srlﬁlgt%éer SRBURE 10 ERE there
are récorffféhdations that the levels of Vitamin K intake should be increased to 0.5-1mg/day.  Many
diets (human and-animal) are therefore in fact VK deficient. Epidemiological studies on children from
Denmark and Holland have shown a pronounBedimféoation of zo uncarboxylated osteocalcin in
healthy childre ;C%ri;nor.E, Molgaard G, Michaelsen K.F. Jakobsen J, Lamberg-Allardt C.J.E,
Cashman K.D. BIfist? IR0 BENGTfioRSS8y70R7 et 1 mex e be sbrlim mie rendersarmiiaaribe, Noirt F,
Kuis W, Visneptich BeiinpiesResratsaic?00Thét 36 6rReficiency afovif desultioadnlirgmeirhagic
disease is1 fare, v%ncg I%Qteﬁgloétin% 2 aectorgern%quire %o little of it. The non-coagulation VK dependent
proteins however require Muchhigher intake and subeRiflaP it} wiisprcRY HE major
non-zoag ftatidretisaasissstendiniglo\ie deflciemgydisseitheéna primary or contributory cause include
osteoporosis, o] : ia herosclerasis. It has been found by the
present inventg?sﬁﬁgagg%%géﬁfg %{?s? &nég%%gbun an%%/%%% gl%gzlaﬁf Sb{g%*g ot rAHigtE BV FRiRtans, dairy
cows or hBfssor clgrsariesfidhfyinviater Rt \hefahtisninghbmiajopdssastepfantai émearrect
formation Cl ;gé%ggs igludi teggaloi Gl in), Protein C and Protein S.
The Iatter(?v%/o cobaééouglatlon) r%?glls S?r%%%%%?f%rﬁ&a%% %(%%?%3?%5%%5&%8 %ﬁsé’instﬁ%snéj)r and MOP
(cartilagef’m% etc.) are only activated by K1 and K2. 6 K1 and 1(2 also inhibit osteoclast activity,
and gctivate anmSx3 gene fisfoppeatienibonasellageronteAlSAEEEN RNIHGASE SHIGES]S 2
potential heneficial role of Vitamin K in glugose homeostatis, insulin sensitivity and energy metabolism:
Yoshida M* BEOHTS. °T I‘\f/f’éiﬁtéoé’ﬁ.éltl,c%%ﬁmmﬁsﬁcﬁescwwgrmﬁﬁlh&ﬁrﬁms@ & Nutrition

2008, 88:1210y the inclusion of a stated step or element or integer or group of steps or elements or

integers, but not the exclusion of any other step or element or integer or group of elements



Phylloquinone (KO is an integral part of respiration in the chloroplasts of green leaves. The
concentrati in leaves is closely correlated to the concentration of chloro I
Non-photog/%%ae é‘lp%!gjs of plants (stalks & seeds) contain negligible K1 e{.;lgg.?[r fo%%@%%%%%’/kg.
ioDegradation of K1 begins rapidly as soon as phojosynthesis ceases and the rate of degradation is
directly related to the intensity of UVB. Pure K1 in solution is denatured in 20 minutes in direct sunlight.
K1 in pasture/forage plants has a half-life of 6-7 hours in direct sunlight. The natural bioavailability of
K1 is around; % a S Wi [ -£60 t re r,a;igg '[ the leaf
Aside from&?h%%%ﬁédﬁ?ﬁge@g@ Elé,gg%t?{rih%? @géﬁiﬁgﬁﬁrﬁe%is?%%?ﬁ%mentrgtion of
other fat soRBHIMEREREEPSHo e neenssassrEbhsoigdEtation may be up to 100 times higher than the
concentration of vitamin K1. Lutein competes with the absorption and metabolism of vitamin K1 (see
Mitchell G.V, Cook K.K., Jenkins M.Y, Gesbeptiodndgrpasianakdournal of Vitamin and Nutrition
Research 2001, 71: 30) as well as high levels of Vitamin E (see 20 Tovar A, Ameho C.K. Blumberg
J.B., Peterson JU8RISrhith b ZEE5IRISONCRPGER Arnitcinbefisw avoe, bono dapstihsre®revwith the
combinatigaef W), theaplapt Madkkasdeampstiiion Wighoinaldat s7luble VilRmieatheasiigl amount
of vitamin 1(1 available g much less than quoted or expected. It follows that the vitamin K requirement
for animalSRRGHGRMNs has been grossly underestimated resulting in vitamin K deficiency. 25
Menaquinone (1(2) is produced by mammals by conversion of K1. In human diets it is found in
fermented food (cReésies Kecaimtiani mbetmesrfpibatiimeptsdat Eheukivestrank fat), but only in
significant amounts in the fat pro U@%@/ animals grazing fresh green ture. The capacity for
herbivores to pick' (i R?Yéogﬁfélf.ﬂ? Pﬁ&%{%e%ﬁﬁ‘% elels gﬁ%ﬁﬁ%&?&/?%ﬁﬁ?&ly a
fraction ofttegr Ki2ealf timiin dvesuntia o feR@rp dstsirecfeskeows] Whichns seasamahraccordingitg the
greenness of t asture, K2 is also produced by microbes (principally family bacillaceae).for their own
eepiihon S B RSB BT g ot Vi
in the faed@stofitserbivbrestoatd conpovoies behel rtfabikaisie raduliswrdomaattotnapdysitionttreatment
of osteoparpsis,Tedugline;of frachus fisk, Mpoved hong.ggemetry. 7 gad-geriiags sirenath (see
Yanagisawa Y and Sumi H., (2005) Natto Bacillus contains a large amount of water-soluble vitamin K
(Menoquirdisevered HegdiBiscRassDis: 26715579858 eRrauie el shelstdmain dfe it diotsrs foah of
Vitamin K2anithisbit DialoRuinmprasaphingaiiees shoudhiatsiabilized yalssssaimbigdfdaand 1(2
composition in accordance with the present invention produces over twice the VK plasma levels in an
anim as YHERUAe AfAURS58%1 IR B 20Kfenadione (K3) is a synthetic quinone which has partial
VK activity. It aqiyatesstaechoadulatiGadrdbeitaghutneikQstetesin br MG, lihrgbeen dhanned by
FDA for inclusion jn human foods and supple . and is unpopular in petfoods, due to, its io toxicity.
Tt7s eytoto A PR O R BT L R SR A BEIRE 1 wee
will probattitoe teesimi Etdd arshibngdive dawithals (e.g. broilers and porkers).  The proliferation of VK

deficiency in huppan putriti d ly, C ntincrease.in. est sis a
atherosclerosis)f%?/e rﬂtﬁﬁ%! %l;)g{) §5§§ yré%ﬁsaggs %%%,l%ng&%] 0 L?S Eﬂp?i dﬁeemi%ﬁtc’)%lsggl F(¥:'I§;<IE|§ aﬁlﬁglg n%?'?i)

obsotesceRtdiglhdhe-gréwiegesan ey Nd Al§ERErAraEcréadbiriiionsindpidn Shemiagevegetables

in the last g, yeg (@%{,%%VE'ﬁﬁﬁ%hﬁgwwﬁbzwwwz@%iﬁgq?ﬂ%% SPRERANGL J. Thane
C.W., Prentice A, Wadsworth M.E.J. Public heath Nutrition 2005 8: 171); (2) exposure of leafy greens

to supermbfkelNBRES ASAERBRE REes broYASHER 18R B atAtuihah osarai Faistaleaidulap horse
20predomfpadicarohdaiansivie (hathelcthanpasierdainr Mmanagern 8nhorsd Rpereiisationof the
misconception that herbivoreg receive sufficient VIC from hipdgut microilora is dependent on
opropha ST TR BN DA G SRS bt 7 L AL BREPS AR for
absotptioniandhbitessalis aferanlyrin toestardgdqgthi¥ shdaldbg Dhvioks. 2abatstdsnhinigals fed
VK-free digts have nommal 25. prothrombin times, but when coprophagy,is rigorausly. prevented,
develon S o R B B R R o
eliminate ¢6pgpHagyjoslichaasrieansiieragmtist inmiachebpnid ke thedahdglinsolapces ehslitsadgligible.

Tests by giPEsRARtIRY 21ak oMK IBAL iasagtRYudR Y piRaAlaRle, ROstKherogem diets

either for humans, dairy cows or horses. Nutrition text figures which have passed down the

assumption 0 1¢t @-aBbsdaNeHPIE LY seaEsERs Higcdhaiotanpehetdifdbe eewastrbisted before

accugate apalytisahmerRodsonsl g daveirnadeasd. seam tesisieomiidheninetabllithandRe08
bioavailability of natyral K1 in green grasses and vegetables. The inventors have for the first time

demonstr&tedi R ARANERCY ihEAFETX)RET 0EER RITTHIBIEWRTh PSR SRR i 38FsIgfhs of bone
mineral debiiyssnchpiiahtieflentsy gamiledtdeficiency, K fhiardetedisirkamertobbipavatable VK
appears to be comparable to other species, i.e. around 15-20 pig/kg bwUday. Some species require
higher levels. This can be 5 provided by a diet totally of high quality deep green pasture, which is
rarely possible in Australia and other countries. A diet of pasture, hay and concentrates falls short
unless specifically supplemented by administration of vitamin K as taught by the present invention.

The many non-coagulation functions of K1 may provide a scientific explanation for the traditionally
honniired beanefit of "ract at nactiirea" inEnr horcece dietaryy vitamin K crinnlemaentation alona with



20The present invention also provides a method of increasing plasma level of vitamin K in an animal
beyond th i le by diet comprising administering a composition including vitamin K1, vitamin
K2 ora m&%i?%ﬁg%yﬁ%%}n K1 and vitamin K2, together with a physiologica%é%églgg{}gﬁg}%grrier,
excipient and/or diluent. The composition may.further contain one or more adjunct vitamins or
minerals. 25Suitable adjunct vitamins include Vitamin D2, Vitamin D3 and suitable minerals include
silica, boron, magnesium, calcium and/or phosphorus.  In one embodiment the plasma level is

achieved by supplemeating dhe,Aiel.ob &Vl Wit WK aneemhodiment, i Rrasma

levels attained cannot be achieved by usual intake of food and drink of the animal such as by eating
leafy greéiﬁ%i%ﬁhd vegetables irrespective of the amount consumed.  The present invention also

provides a metinpg atiRaIgASIGLRORS, S aRs HisBoa A MAY ENS SeNsilY.ANdatsRh ininp ess of bone
density and/or reducing osteo&hpg,ﬂc{:al defects in an animal comprising: 9 . administeri

n | tering, a
compositiSERBRAIMNEPHERRA R B ER R Y Aidible WH‘RII%WM@nr@%ether with
a physiolagitddhycaedeipiabl enetrtiapabrtipiea{ BMUpidl(Briigh & Withiemwit iout s adjunct vitamin or
mineral, to reagh about.th ximum achievable |evel of carhoxylat teocalcin in the animal being
treated. 51n ocr}?:’itaenr}ﬂl o] irﬁé%?t’ﬁewﬁ% Kot Sr%%#ﬁﬁjrt 5;18%?%5333 "%S[%?’r{w?%%% 1eCHf é}i?/fg"‘ted
osteocalci{a) leveitatin fondief theatasimed priomtotadmikstdbihgrivs Vitarnin(Katp megsithdesaind

administefiod 1he SampRRIIRN LB oo R e astsanAIEln levalisibeiaw hiemayimyachievable

level of carboxylated osteocalcin in the animal being treated. toThe animal can be a bovine,
equine, cBHRBIBAMEO YOI cigntnY Fe i BrovRd fleSCBRE vertebrate. In one embodiment the animal

is ahprse.  TheasAMROSUO LG THRE-AF BRI HES ot anicalY:cRarentaiaiy, ntramusgularly, by

injection, transmucasally, transdermally, intranasally, by inhalation or intravengusly. The composition
can be inTHETHS BRSEIBHATBREL AL SRPD SR A 8 S35rEVite A bR BRIGN: Britéfiing vitamin

K. A compesiiitspagsording lo-eoeceishodie siseonmprsie seyiaimifekdquitanunt ket arkalnaixgure of
ﬁrise an emulsifier

vitamin K1 itamin .and a UV absorber. The composition may further co
B b e et e e e el
and/or Vitemetirdn®in tiftles. cofpoBitimmmended thsetoompilisevandBuBBIAA s fitaHld dilgingt ofiay be a

mixtyge of MonssARCIGEe ARPRTsARRNATAR 1A sBkeh T OmpRSIORIIAY dlsarRamPrise @

mineral active such as silica oron 25A composition according to one embodiment Is a stable

and watePSdiup|dicaimiebility dovipriziery Weselitbke | gitamily 1goerd Hikturendf theamiark1 and
vitamin 1 Halanareiensinantha-eanbsiisrand/Rriiaeaina age M3 The:senpasitianymay further

comprise a diluent. A suitable diluent may he a . ) . _
Many diets (human and animal) are therefore in fact VK deficient. Epidemiological

studies on children from Denmark and Holland have shown a pronounced elevation of
20  uncarboxylated osteocalcin in healthy children ©’Connor E, Molgaard C, Michaelsen
K.F. Jakobsen I, Lamberg-Allardt C.J.E, Cashman K.D. British Joumnal of Nutrition
2007, 97. 661. See also Summeren M.V. Braam L, Noirt F, Kuis W, Vermeer C.
Pediatric Research 2007, 61: 366
Deficiency of VK resulting in haemorrhagic disease is rare, since the clotting
25 factors require so little of it. The non-coagulation VK dependent proteins however
require much higher intake, and sub-clinical deficiency i1s widespread. The majof non-
coagulation discases to which VK deficiency is either a primary or coni:ﬁbutory cause
include osteoporosis, osteochondral defects, chondrodysplasia and atherosclerosis. It has
been found by the present inventors that vitamin K is not abundantly available in most
3¢ modern diets for humans, dairy cows or horses.
Biochemically, VK has 3 known functions: the major is as cofactor in correct
formation of special proteins including Osteocalcin, MGP (Matrix Gla Protein), Protein C
and Protein S. The latter two (coaguiation) roles can be performed by K1, K2 or K3, but
Osteocaicin (bone) and MGP (cartilage, arteries etc.) are only activated by K1 and K2.



mixture of monosaccharide and/or disaccharide, and starch. The composition may also comprise a

mineral acyj ilica and/or boron. In one embodiment the composition js.in the form of a liquid
e A% Lo (s indhe o

or a paste. composition according to another embodiment is a stable’powder composition
comprising: vitamin K1, vitamin K2 or a mixture of yitamin K1 and vitamin 1(2; and beta-carotene; 5an
emulsifier and/or thickening agent; encapsulated into a starch and/or a zeolite and/or diluted with a
diluent.  The diluent may be a mixture of monosaccharide and/or disaccharide, and starch. The

powder coMRaRitien T1ay THABE' SABPHSE A EURE haCME RS TIRaEALARI Y6 9BRAW RS jca and/or

boron. A composition according to another embodiment is a stable powder composition comprising
vitamin KPORESAIRE®? or a mixture ofn KI and vitamin K2; beta-carotene; 15Vitamin D2 or D3 or a

mixture of VitamigdDane &IRicrdLHnplaiierapevai: i deRng AGSH INeaRskHatedrihsoséarch and/or
a zeolite and/or diluted by a diluent. The 8i|uent may be a mixture of monosaccharide and/or

y
disaccharid@ R LtarBRU B PR ST APE S8R RN it B Mis A i matfal X488, The
mineral ag¢iive $akyniaae Bilidacgney @ bosateri car\J cormplositiOinasicBidiiipto28081188r 2btbodiment is a

SKt‘Z"‘_b'ZZEOWder ﬁﬁéﬁ%%@”%%%é‘ ”FJ%‘% Mg )éfa]ﬁ Y @%girla@og;% ?h;é(l%‘gﬁy%p@s m .grrle%”d vitamin
; eta-carotene;’Vitamin'D2 or D3 or & mixture of Vitamin DZ an ; anemulsitier and/or
thickenindeagentTaadnacabtstion; of Kl isnicapsulistetbisly asumistedita/hreacepctitgaiim/arfdiluted by
a diluent Reing, An3AMIKBEEREMARREARE Bard & APEIRL HSaRENRM IR ik hegligible K1
e.g. oats 0.02 mg/kg.
10 Degradation of K1 begins rapidly as soon as photosynthesis ceases and the rate of
degradation is directly related to the intensity of UVB. Pure K1 in solutton is denatured
in 20 minutes in direct sunlight. K1 in pasture/forage plants has a half-life of 6-7 hours in
direct sunlight. The natural bicavailability of K1 is around 8-10% and when consumed
with fat is 15-16% of the apparent concentration in the leaf. Aside from the degradation
15 of K1, a further problem herbivores have is that the concentiration of other fat soluble
nutrients such as lutein in green vegetation may be up to 100 times higher than the
concentration of vitamin K1. Lutein competes with the absorption and metabolism of
vitamin K1 (see Mitchell G.V, Cook LK., Jenkins M.Y, Grundel E International Joumal
of Vitamin and Nutrition Research 2001, 71: 30) as well as high levels of Vitamin E (see
20 Tovar A, Ameho C.K. Blumberg J.B., Peterson J. W, Smith D, Booth S. Nutrition And
Metabolism 2006, 3:29) and therefore with the combination of UV, the plant matrix and
competition with other fat soluble vitamins, the actual amount of vitamin K1 available is
much less than quoted or expected. It follows that the vitamin K requirement for animals
and humans has been grossly underestimated resulting in vitamin K deficiency. |
25 Menaquinone (K2) is produced by mammals by conversion of K1. In human diets
it is found in fermented food (cheese, natto) and animal fats (mainly in dairy products
such as milk fat), but only in significant amounts in the fat produced by animals grazing
fresh green pasture. The capacity for herbivores o pick up K2 is small. For example,
the milk fat of grain/hay fed cows contains only a fraction of the K2 of that in the milk of
30 pasture fed cows, which is seasonal, according to the greenness of the pasture. K2 is also
produced by microbes {principally family bacillaceae) for their own respiration. Many of
these are normal hindgut microflora, hence the relatively consistent finding of VK in the
faeces of herbivores and ommnivores.  The remarkable results from natto in

prevention/treatment of osteoporosis, reduction of fracture risk, improved bone geometry



The mineral active may be silica and/or boron.  In one embodiment, the vitamin K from the powder
compositi i luble when added to water. 11 Also provided is a harse supplement or horse
feed com[?}ﬁ}sfl)n%}gé)! %:L%)Qr‘%?gosition of the invention.  Vitamin K1, vitamin 1(2) 6F HAMBA%f vitamin
1(1 and 1(2 may be present in an amount of from Q.0lwt% up to 99.9wt% of the composition, for
example up to 95wt%, up 5 to 90wt%, up to 80wt%, up to 70wt%, up to 60wt%, up 50wt%, up to
40wt%, up to 30wt%, up to 20wt%, up to 15wt%, up to 1 Owt%, up to Swt%, up to 1.5wt%, up to

0.5wt%, upto Q-2 sHedoD ABNP4 QBRI 9- %l}qa"/gumi ﬁhiﬁ%@?@%ﬂ8’b%ﬁ%@%¥%&% YV

absorber. The UV absorbef may be a zinc oxide, lyeopene, lutein or beta-carotene. The composition

may also {ABREIEFRERTA 'BPSG S0t YHamin dnEranemdiraethe DwdRiosbemid BrédedT ™ an
amount ofsL{AQHR ie:congRNSEHR) Rhidtamitbid iand/or Viamin 2. @ne emiediggytyitamin D2

and/or D3 is present in an amount of 3 times the concentration of vitamin K1 and/or vitamin K2.  The

UV absorBEFEHd SRR D S05a ShafitsRiB m&stee SRBLA: Ihiredibclive SHRAASIEGD 8 1 Owtvs,

for exampdecopitode GwtbothtppadAwikentoiopzoduite, diRtavtize KWK, plas@al iBvdkoiiaito 0.5wt%,
up to 0.25av}1/t% U }Beosg%vt%&,nqupogﬁ Vi\ﬁ%%i up to 0.1wt% or up to 0.01wt%.  The composition may
include a su]ﬁ%l%le exciplenet S dttent which may be a mixture of monosaccharides and/or
disaccharides dvienaddaued B insrosaubikacidesand/whiisdushpaities ViKhastanith dthichvaay be
present INAMONBLHBIGLIARE, (0 BEREIRILURCED 40 RRUSYO1 RO SN HEA 1R SRR ot 10
70wt%, up to 60wt%, upto 50wt%, up to 40wt%, up to 30wt%, up to 20wt%, up to"15wt%, up to
IOWt%, upRRUNPToAN UTean Sards, et @BismYE S 20 iBvipopple M1Beeds: Wyeot0. iwt%.

The agtivesmingyal myc@eoa)ﬁféyQheag%mé&s?&@ﬁm,a@ﬁggeﬁm%a}hﬁ actiya mineial may be
present in gn amounts up to 5.0wt%, for example 3.0wt%, 2.0wt%, 25 1.5wt%, 1.0wt%, 0.5wt%,

0.25wt%, BB B ToisMse THIoRRORANE RArE ! ConBe L Bish Ay BRS {48 R5AMERT a liquid,

paste or ped@erkdle composition may be in the form of a beverage, soup, concentrate, suspension,
emulsion, pill, granules,.tablets, ¢ S, .suppository, controlled-release composition, cream,
ointment, salvg{[%ti ﬁ?}éeerrgglgflorgvf\?askye}‘; 'Idr‘?cg%%ﬂ’?ﬁfoéﬁighum% DS Y a%?wb&%?@e ' The
compositicrmneay et ddenaaistences taibprositnand dditycscirrostspoiessiiesieitlydara kingleudose or in
several d : ng@ iti inclu ight ratio of K1 :1C2 of 0.1:9.9.t0 9.9:0.1, for
exarr{ile ?r%?n%i%e 5}3981-][(.E 2. t(g%ggpgag?#fo&g%e@%%SE%}%%%Q?ﬁ%m“ h one %g‘ﬁ%gl itnen ,athere is
provided aml_edawwata mmp@maéra@mpmﬁtﬂbl@@ﬁmm@sw&m|,(fmammnpzco_r a
mixture ofgiarmun fdagnd y&agmﬁt%%: BRIACERAIRRS @@%g@%gﬁtt@émtmr%%ﬁb.awémi@e%@ol'te-

0 a, be

The starch may be any of the cyclodextrins (such as argn% a, gamma or modified cyclodextrin),

amylose o HAYRIHE e ThBvblss e rtaNHEE6n R0 %@Ea%%@‘ﬂﬂﬁ@éq,@o‘ﬁ?@r I€ESr8ther plant

CEnLainingﬁaﬁmkEhmaemH%maNélﬁ% oy btf%ﬁ@tqighabmm@sﬂtq@wl-ehmgﬁé@me@é analqine, )
chabazine, heulandite, natrolite, phillipsite and stilbite, By encapsulating the composition into the
e e

stardh anBisFAYBHITE thEE RS HRGE PRYMEIS FHREERRS discolouration. In oil the

composition tefitle regpetblciovafiiirontsofationtyhdn lembiesnbotticednt shifieéabWididgmithin the
lipophilic ROrti thesstarch. In another embodiment t is binding within the pores of the zeolite.
A cirent Fa S B O T S R et By R el
monosacéfiéde Bi-aidakishuiieain nefde ibhspbsifionabaericindendrilnisalts imwrgahidcdhders,

excipientyagglior iR ATy ey Ineide SPUSIIRIVSUacienR- ITERRTs pigpgivatives.

solubilisers, fumed silica or vitamin D3 (cholecalciférol), sweeteners or other suitable additive as
desiféd. HEFHPMEPs HEShabie fothsenspiARIaEdtaBRRIEY ismeatahd Soisbrpnsevesuitable

thickenersdpelbdRapaly aibydencyaines| 2000:05 AN\ ARG MSHehas Xanhangsmandguar gum.
Thickeners. may be inclu%ed irzﬁlamounts up to 99.9wt%, for eségam le up to 95wt%, up to, 90wt%, up to
Bowt%, U B PONCERPRF BBOARSE, BPAGIMS U] ORI S SR 5518668194, U to 15wt
up to IOwiteg/igibte. 5wt%, up to
Tests by the present inventors show that VK is not abundantly bioavailable in most
30 modemn diets, either for humans, dairy cows or horses. Nutrition text figures which have
passed down the assumption that VK is abundant in leafy greens/forages/hay appear to
have been estimated before accurate analytical methods were developed, and seem to
disregard the instability and poor bioavailability of natural K1 in green grasses and

vegetables. The inventors have for the first time demonstrated that the level of



251.5wt%, up to 0.5wt%, up to 0.2wt%, up to 0.15wt% or up to 0.1wt%. Suitable emulsifiers include

those hav%%wm%g& of E400-E500 such as polyethoxylated castor oib@,ﬁ%@Q%&wEEN 80
. mu Y0,

(polysorbate Isifiers may be included in amounts up to 99.9wt%, for example up to 95wt%,
up to 90wt%, up to 80wt%, up to 70wt%, up to GO\gt%, up 50wt%, up to 40wt%, up to 3030wt%, up to
20wt%, up to 15wt%, up to 1 Owt%, up to Swt%, up to 1.5wt%, up to 0.5w1%, up to 0.2wt%, up to
0.15wt% or up to 0.1wt%.  Suitable preservatives include methyl paraben. Preservatives may be

included iﬁn%ﬁﬂ%‘ﬂ%éé@ Eﬁt@%&f‘biﬁ%%@"ﬁpl%%sl@vl\!ﬁt%s%liﬂéﬁs%?%?{% ndideral g%@@wlupi[isers
include ethanol, propylene glycol, polyethylene glycol 400, glycerol, or isopropyl alcohol. Solubilisers

may be intfigeaetests éﬁ%ﬁtlﬁ&‘ig%@?%%, for example up to 95wt%, up to 90wt%, up to 80wt%, up
to 70wt%, up teI6RW PépuihRWIYE biod0ARWIEY6/ KD SRWIObE R I RMbTe, tolotet BpE¥bed)p to 1

Owt%, up. to 5 5w1%, up to 1.5wt% to 0.5wt%, up.to 0.2wi%, up.to Q.15wt% qr.up to Q.1wt%.
Suitably thé c%ﬂ%‘gs?}rsgg% §tﬁg%¥d h grﬂ%pﬁ%‘%é%? H‘i%%l{}é(ﬂ%%.rqevgt\énerﬁ%iﬁ%s ﬁway include
buffess, aptioxitdnty ardwideteliersfsugh gsahtynizen drelésopaitareeghizhdsstarely. possitéegimbodiment,
for at leas 7 least gv f K2,9r for jo any ratiq of n present
there is pé@%féﬁaoﬁ%gg]%%ﬁé\%}%’arﬁ noq BZ(QB%S%JS%SI% m%n\f&\?gt%?xgoﬂ E%ﬁ(a% p%%?e@ﬁ%%ﬁeast 7mg
beta carotefiei igikywaeplsolahiedpbivcsimihgrebapositioremiay Be gatxegiedbin dheynresems a paste
The invenfioahihnovrhe deseyibeshtiyaYabaxamBiRAN vy harindiggapdeite 15e]lowing

examples. EXAMPLE 1 TheEresent inventors conducted an analysis of vitamin K present in hay.

The vitanfittengnndae Berbpdiiosathnhoagised heapstinE red At RIS S een improved pasture in March.
The results arersh®ords dhedallondngadlapiah 21096 hA8400 RGHH/Adb00 8BS dniitamin K

contont of forege seiples ks, il samp e floauc onii | CIOUELIS RNl it Kl resnly
in turn, improved skeletal durability. Young horses will able to stay in training for longer
without the interruptions that bone injuries can cause. |

Having regard to the above, the present invention provides a method of increasing

15 bone density, maintaining bone density and/or inhibiting loss of bone density and/or
reducing osteochondral defects in an animal comprising administering to an animal an
effective amount of a composition containing:

vitamin K1, vitamin K2 or a mixture of vitamin K1 and vitamin K2, together with a
physiologically acceptable carrier, excipient and/or diluent.

20 The present invention also provides a method of increasing plasma level of vitamin
K in an animal beyond that achievable by diet comprising administering a composition
including vitamin K1, vitamin K2 or a mixture of vitamin K1 and vitamin K2, together
with a physiologically acceptable carrier, excipient and/or diluent.

The composition may further contain one or more adjunct vitamins or minerals.

25 Suitable adjunct vitamins include Vitamin D2, Vitamin D3 and suitable minerais include
silica, boron, magnesium, calcium and/or phosphorus.

In one embodiment the plasma level is achieved by supplementing the diet of the
animal with vitamin K. In one embodiment, the plasma levels attained cannot be
achieved by usual intake of food and drink of the animal such as by eating leafy greens

30 and vegetables irrespective of the amount consumed. |

- The present invention also provides a method of increasing bone density,
maintaining bone density and/or inhibiting loss of bone density and/or reducing

osteochondral defects in an animal comprising:



1+4+5 mix fresh | +4+5mix 2 days old 1+4+5mix shed 2week Vitamin K1 2.26 2.74 3.03 2.93 1.93 2.39

1.93 1.65 Water % 84.9 82.6 9.1 82.1 78.2 81.7 15.4 14.8 Vitamin K | Dry matter basis 15.0 15.7 3.3
16.4 WO 2009/146490 PCT/ATU2009/600693

administering a composition containing vitamin K1, vitamin K2 or a mixture of
vitamin K1 and vitamin K2, together with a physiologically acceptable cairier, excipient
and/or diluent and with or without an adjunct vitamin or mineral, to reach about the
maximum achievable level of carboxylated osteocalcin in the animal being treated.

5 In one embodiment the method may further comprise determining the carboxylated
osteocalcin level in the bone of the animal prior to administering the vitamin K
composition and admimstering the composition if the carboxylated osteocalcin level is
below the maximum achievable level of carboxylated osteocalcin in the animal being
treated.

10 The animal can be a human, bovine, equine, canine, ovine, porcine, avian, feline,
rodent or other vertebrate. In one embodiment the animal is a horse.

The composition can be administered orally, topically, parenterally,
intramuscularly, by injection, transmucosally, transdermally, intranasally, by inhalation or
intravenously. The composition can be in the form of a slow-release composition.,

15 Also provided are composition containing vitamin K.

A composition according to one embodiment comprises:

vitamin K1, vitamin K2 or a mixture of vitamin K1 and vitamin K2; and

a UV absorber.

The composition may further comprise an emulsifier and/or thickener.

20 The composition may further comprise an adjunct vitamin such as Vitamin D2
and/or Vitamin D3.

The composition may further comprise a diluenit. A suitable diluent may be a
mixture of monosaccharide and/or disaccharide, and starch

The composition may also comprise a mineral active such as silica and/or boron

25 A composition according to one embodiment is a stable and water soluble
composition comprising:

vitamin K1, vitamin K2 or a mixture of vitamin K1 and vitamin K2;

beta-carotene; and

an emulsifier and/or thickening agent.

30 The composition may further comprise a diluent. A suitable diluent may be a
mixture of monosaccharide and/or disaccharide, and starch.

The composition may also comprise a mineral active such as silica and/or boron.

In one embodiment the composition is in the form of a liquid or a paste.



8.913.12.281.93 It can be seen from the above table that the hay used contained between 3.3
to 15mg/k%vof vitamin K| on a dry matter basis when freshly cut but this amount drodps 5significantly
over time. " ORI WA Lonfirmed by two further tests on fresh phalaris and CHASEL8EP Grasses as
shown in the attached table: Decay of VK1 (mg/kq)oin fresh phalaris cut at 11.00 hrs related to UV
Index in March Decay of VK1 (mg/kg) in fresh grass after 7 hours sunlight at different daily peak UV
Index (PUVI) Time 11.00 14.00 16.00 18.00 Grass PUVI K1 Ohrs K1 7hrs % decay UVI 35 2.5 0.5

Prairie 2 2.1 1.2, 2% mposition according to another embodiment is a stable powder composition
comprising:
vitamin K1, vitarmn K2 or a mixture of vitamin K1 and vitamin K2; and
beta-carotene;
5 an emulsifier and/or thickening agent;
encapsulated into a starch and/or a zeolite and/or
diluted with a diluent.
The diluent may be a mixture of monosaccharide and/or disaccharide, and starch.
The powder composition may farther comprise a mineral active. The mineral active
10 may be silica and/or boron. |
A composition according to another embodiment is a stable powder composition
comprising
vitamin K1, vitamin K2 or a mixture of vitamin K1 and vitamin K2;
beta-carotene;
15 Vitamin D2 or D3 or a mixture of Vitamin D2 and D3;
an emulsifier and/or thickening agent;
encapsulated into a starch and/or a zeolite and/or
diluted by a diluent.
The diluent may be a mixture of monosaccharide and/or disaccharide, and starch.
20 The powder composition may further comprise a mineral active. The mineral active
may be silica and/or boron.
A composition according to another embodiment is a stable powder composition
COmIprising:
vitamin K1, vitamin K2 or a mixture of vitamin K1 and vitamin K2;
25 beta-carotene;
Vitamin D2 or D3 or a mixture of Vitamin D2 and D3;
an emulsifier and/or thickening agent;
a mineral active;
encapsulated into a starch and/or a zeolite and/or diluted by a diluent being a
30 mixture of monosaccharide and/or disaccharide, and starch.
The mineral active may be silica and/or boron.
In one embodiment, the vitamin K from the powder compositions is soluble when

added 1o water.



VK 3.52.72.21.9 Phalaris53.51.946 Couch 63.11.460 Rhodes7 3.6 1.4 62 The results
show that over time there is a significant reduction in vitamin K1 in hay 1Dand therefore administration

of cut hay WeE¥RE$¥8¥ide a surplus vitamin K amount which is contrary teftHé G 4eaEsumption in

animal nutrition publications that hay 15 provides_surplus vitamin K. It is therefore clear that it is
necessary to supplement a hay diet with administfation of vitamin K in order to obtain the horse
requirement of bioavailable VK. EXAMPLE 2

Also provided is a horse supplement or horse feed comprising a composition of the
invention.

Vitamin K1, vitamin K2 or combination of vitamin K1 and K2 may be present in an
amount of from 0.01wt% up to 99.9wt% of the composition, for example up to 95wt%, up

5 to 90wt%, up to 80wt%, up to 70wt%, up to 60wt%, up 50wt%, up to 40wt%, up to
30wt%, up to 20wt%, up to 15wt%, up to 10wt%, up to 5wt%, up to 1.5wt%, up to
0.5wt%, up to 0.2wt%, up to 0.15wt% or up to 0.1wt%.

The composition may include a UV absorber. The UV absorber may be a zinc
oxide, lycopene, luiein or beta-carotene. The composition may also include vitamin D2

o and/or D3. In one embodiment the UV absorber is present in an amount of 1/10th the
concentration of vitamin K! and/or vitamin K2. In one embodiment vitamin D2 and/or
D3 is present in an amount of 3 times the concentration of vitamin K1 and/or vitamin K2.

The UV absorber and vitamin D2 and/or vitamin D3 may be present in respective

amounts up to 10wt%, for example up to 5.0wt%, up to 3.0wt%, up to 2.0wt%, up to
15 1.5wt%, up to 1.0wt%, up to 0.5wt%, up to 0.25wt%, up to 0.2wt%, up to 0.15wt%, up to
0.1wt% or up o 0.01wt%.

The composition may include a suitable excipient or diluent which may be a
mixture of monosaccharides and/or disaccharides or a mixture of monosaccharides and/or
disaccharides with starch which may be present in amounts up to 99wt%, for example up

20  to 95wt%, up to 90wt%, up to 80wt%, up to 70wt%, up to 60wt%, up to 50wt%, up to
40wt%, up to 30wth, up to 20wt%, up to 15wt%, up to 10wt%, up to Swt%, up to
1.5wt%, up to 0.5wt%, up to 0.2wt%, up to 0.15wt% or up to 0.1wi%.

The active mineral may be a soluble mineral such as silica and/or boron. The 'active
mineral may be present in an amounts up to 5.0wt%, for example 3.0wt%, 2.0wt%,

25 L5wt%, L.Owt%, 0.5wt%, 0.25wt%, 0.2wt% or 0.15wt%.

In one embodiment the composition may be in the form of a liquid, paste or
powder. The composition may be in the form of a beverage, soup, concentrate,
suspension, emulsion, pill, granules, tablets, capsules, suppository, controlled-release
composition, cream, ointment, salve, lotion, acrosol or wafer. The composition may be

30 added to animal feed.

The composition may be administered daily or twice daily or more or less
frequently in a single dose or in several doses.

The composition may include a weight ratio of K1:K2 of 0.1:9.9 to 9.9:0.1, for
example from 1:9 to 9:1, 2:8 t0 8:2, 3:7 to 7.3, 4:6 to 6:4 or 5:5.



5This example shows that high bone mineral density (BMD) in horses can be correlated with reduced
incidence of both dorsal metacarpal disease in young racehorses and visible radiographic lesions
(VRL) in y@8HiHY8/14049Radiographic Bone Aluminium Equivalence (RBABFRAS AMBXEMed on lateral
view of the left 3rd metacarpal of sixty-nine thoroughbred yearlings. The results are shown in tothe
following table. Clinical Evaluation Bone Mineral sity Number No visible lesions 23.6 1.2 (21.9 -
26.8) 26 One or more visible lesions 22.3 1.1 (20.4 - 24.1) 43 The results show that bone mineral

density can be gorrelated with. visual radiographic lesions. The VK dependent prqtein Osteocalcin
(OC), produce rbyoggte%]gg% lsrflf’sn%he{ﬁ‘ Iéeic?}sl?ﬂ‘éﬁ?égllﬁg%ﬁq ?ot@?ff i Bgﬁe%r@?@g%olysis or
bone resormigrscocuromgreongnually alongside bone deposition in development) releases OC. OC is
a marker of bong agtlyigh raiRHRS of bon [malan-Gaiondation.of G is essential to normal

osteogenesis, its percentage or ratio used as an indica bone in egrRy and vitamin K status in
humans. 20Th&elaterraieagicncepeddteskinitiantafch anddiorgeslitas conducted. Carboxylated and

underscarboxylqipdipsteasaleit (RChvas g%a%%@;&ﬁﬂ@ (QresyRa eSS LAk SikedMK122 &

MK121). The results are as shown'in the following table: Clinical Evaluation % Carboxylated OC
Number qu}&tj%qgé@ﬁg@@g_g{rm)ﬂ%ﬁm The starch may be sourced from potatoes, wheat,

corn or rice or other plant containing starch. The zeolite may be any hydrated
aluminosilicate mineral such as analcine, chabazine, heulandite, natrolite, phillipsite and
stilbite. By encapsulating the composition into the starch and/or a zeolite, the

16 composition is UV stable and there is no discolouration. In oil the composition tends to
go black with no loss of activity. In one embodiment there is binding within the
lipophilic portion of the starch. In another embodiment there is binding within the pores
of the zeolite.

A diluent may be present. Suitably the diluent is a sugar. The sugar can be any

15 sugar monosaccharide or disaccharide.

The composition can include organic or inorganic carriers, excipients and/or
diluents.  Additives may include emulsifiers/surfactants, thickeners, preservatives,
solubilisers, fumed silica or vitamin D3 (cholecalciferol), sweeteners or other suitable
additive as desired. Vitamin D3 is desirable for bone mineral metabolism as is silica and

20 boron.

Suitable thickeners include polyethylene giycol 4000 or any of the gums sﬁch as
xanthan gum and guar gum. Thickeners may be included in amounts up to 99.9wt%, for
example up to 95wt%, up to I0wt%, up to 80wt%, up to 70wt%, up to 60wWt%, up SOwt%,
up to 40wt%, up to 30wt%, up to 20wt%, up to 15wt%, up to 10wt%, up to Swit%, up to

25 1.5wit%, up to 0.5wt%, up to 0.2wt%, up to 0.15wt% or up to 0.1wt%.

Suitable emulsifiers include those having E numbers of E400-E500 such as
polyethoxylated castor oil (PEG 35) or TWEEN 80 {(polysorbate 80).

Emulsifiers may be included in amounts up to 99.9wt%, for example up to 95wt%,
up 1o 90wt%, up to 80wt%, up to 70wi%, up to 60wt%, up 50wi%, up to 40wt%, up to

310 30wi%, up to 20wt%, up to lﬁwf%, up to 10wt%, up to Swt%, up to 1.5wt%, up to
0.5wt%, up to 0.2wt%, up to 0.15wt% or up to 0.1wt%.

Suitable preservatives include methy! paraben. Preservatives may be included in

amounts up to 2wt%, for example up to 1wt% or up to 0.5wt%.



5 One or more visible lesions 6910.8 (57 - 88) 9 The horses were also tested using another
osteocalci?vt)jt%}%(;tra steocalcin by 25Quidel Corporation) which measures total osteocalcin. The
ate

uncarboxy 04t88ERIcin was measured by precipitating the osteocalcin With AT €éﬁL?ﬁ)hate

(Grundberg C.M Nieman S.D Abrams S Rosen H, Journal of Clinical Endocrinology and Metabolism
1998, 83, 3258). WO 2009/146490PCT/AU2009/000693 16 It can be seen from the table that a
high percentage of under-carboxylated OC (or lower percentage of carboxylated OC) results in lesions

and is therefora ap,ifdiaion AL MIAMIR AREIRNCK RkACUCS IS RN R Riadagd yeariing

radiographs of the same horses. High BMD had a Significant direct cor lower VRL

(P<0.05) gyrerigevrepiar K ateabel(Hedubiljsers mag baipeiideddn mamaws Bt w83dri&en yearlings

were theffcﬂ%%ﬂlfﬂ@dxb%i@g\b@ﬁ!‘nﬁﬂme%?ﬁ‘b@ _UH%’ §@f$@t‘%f‘h§”ﬁ\6"%m%t§p%%@%%9% dock in late
winter and under local drought, a paddock in spring one week after 80mm rain and stabled over four

weeks. IPHAiotRPoEW TR RRISBY e WutcelWear iy wersti@hihdd Witk tHe forses
ioconainsewithip thiffesentyagdecksvardhe samedatm uphe taswigase shanm lindie following tables:

Environmental Situation % Carboxylate mbey Late winter (lacal drought) 75112.3 (57 - 92) 14
Sprngonewee R AP AU TR SULLD 5 (7815 HI b v 0 USRIt (26  56) 14
Other additives may include buffers, antioxidants or sweeteners such as mono and
disaccharides, and starch.
in one embodiment, for at least every 7mg of K1 or at least every 7mg of K2 or for
1o any ratio of KI and K2 when present there is provided optionally 20mg Vitamin D3
(500,0001u/gm) water soluble powder and at least 7mg beta carotene 10% water soluble
powder.
The composition may be packaged in a syringe as a paste
The invention will now be described by way of example only having regard to the
15 following examples.
EXAMPLE 1
The present inventors conducted an analysis of vitamin K present in hay. The
vitamin K1 content of forage samples was determined from lush green improved pasture

in March. The results are shown in the following table.



Paddock Aspect % Carboxylated OC Number North-East 885.4 (82 -92) 3 South-West 7311.6 (58 -

88) 6 South 70-12.1 (57 - 88) 5

Carboxylated OC levels and therefore Vitamin K status were
significantWB@ﬂ%glj 4?81) in the paddock with the most sunshine (the norﬁgyﬁg{zg%%ﬁg&nd when the

spring 15grass was well grown (P<0.01).

It can Joe seen from the above that Vitamin K is not
abundantly available in most modem diets for horses. Pasture access has been shown to be beneficial
to bone development in growing horses, in most studies as a contrast to stall confinement.
Confinement also means a diet of hay and concentrates, deficient in vitamin K. In 20addition to free
exercise, pasture access may in many cases provide a needed source of vitamin K. EXAMPLE 3

Fourteen.tharaughbred yearlings were provided with a supplement to normal pasture grazing, Four
yearlings yigf@ sURPlesnemiesk w2 Blaniidasiags miagein Sike Rankrenpypplemented withjvitamin K
in oil an@five Were supplegmented With solubje WO 29097146490PCT/AU 20097090693 17 Vitamin K
compositions in acéordan¢@with thelpresent thvention,>Serum Vitdifitn| K T tREe adirfysSwas then
determined: TB yeaings VKikaium DeiephdNUmbesBlarkeaste giipasturedhgsQRd| shed
freshly | freshly | hay freshly | freshly | fresh 2week
cut cut cul cut
Vitamin | 2.26 274 13,03 2.93 1.93 239 1193 1.65
K1
Water | 84.9 82.6 9.1 82.1 78.2 81.7 | 154 14.8
Yo
Vitamin | 15.0 15.7 33 16.4 8.9 13.1 2.28 1.93
K1
Dry
matter
basis

It can be seen from the above table that the hay used contained between 3.3 to

15mg/kg of vitamin K1 on a dry matter basis when freshly cut but this amount drops

significantly over time.

This was confirmed by two further tests on fresh phalaris and various other grasses

as shown in the attached table:

Decay of VK1 (mg/kg) in fresh phalaris | Decay of VKI (mg/kg) in fresh grass after 7
cut at 11.00 hrs related to UV Index in | hours sunlight at different daily peak UV
March Index (PUVT)
Time |11.00 |14.00 | 16.00 |18.00 | Grass |PUVI |Kl K1 %
Ohrs 7hrs decay
Uvl |3 5 2.5 0.5 Prairie |2 2.1 1.5 29
VK. 3.5 2.7 2.2 1.9 Phalaris | 5 3.5 1.9 46
Couch |6 3.1 14 60
Rhodes | 7 3.6 1.4 62

H

The results show that over time there is a significant reduction in vitamin K1 in hay

and therefore administration of cut hay does not provide a surplus vitamin K amount

which is contrary to the general assumption in animal nutrition publications that hay



4 7mg Vitamin K in oil + pasture 20-15.7 5 7mg Vitamin K soluble + pasture in accordance with the
present invention 454.8 5 Carboxylation levels were then determined on those provided with

soluble VRMh#tYHpEled with those on placebo after 60 days. The result8%are H3HBIMRE'

TByearlings7mg/day Vitamin K soluble % Carboxylation OC Number Test group pre-supplement
6512.7 (58 - 82) 3 6710.1 (57 - 76) 3 Placebogrouppre- supplement Test groupafter 60 days
7mg/day 90-12.2 (88 - 92) 3 Placebo group after 60 days 695.9 (64 - 75)

provides surplus vitamin K. It is therefore clear that it is necessary to supplement a hay
diet with administration of vitamin K in order to obtain the horse requirement of
biocavailable VK.
EXAMPLE 2
5 This example shows that high bone mineral density (BMD) in horses can be
coirelated with reduced incidence of both dorsal metacarpal disease in young racehorses
and visible radiographic lesions (VRL) in yearlings.
Radiographic Bone Aluminium Equivalence (RBAE) was measured on lateral view
of the left 3rd metacarpal of sixty-nine thoroughbred yearlings. The results are shown in

10 the following table.

Chinical Evaluation Bone Mineral Density Number
No visible lesions 23.6+1.2(21.9-26.8) 26
One or more visible lesions | 22.3+ 1.1 (20.4—24.1) 43

The results show that bone mineral density can be correlated with visual
radiographic lesions.
The VK dependent protein Osteocalcin (OC), produced by osteoblasts, is the major
15 non-collagen protein in bone structure. Osteolysis or bone resorption (occuiting
continually alongside bone deposition in development) releases OC. OC is a marker of
bone activity, rather than of bone formation. Carboxylation of OC is essential to normal
osteogenesis, its percentage or ratio used as an indicator of bone integrity and vitamin K
status in humans.
20 The determination of carboxylation of OC in horses was conducted. Carboxylated
and under-carboxylated osteocalcin (OC) was measured in fourteen yearlings (Takara
EIA Kits MK122 & MK121}. The resuits are as shown in the following table:

Clinical Evaluation % Carboxylated OC Number
No visible lesions 86+6.4 (77 - 92) 5
One or more visible lesions | 69+10.8 (57 — 88) 9

The horses were also tested using another osteocalcin kit (Metra Osteocalcin by

25  Quidel Corporation) which measures total osteocalcin. The uncarboxylated osteolca]cin

was measured by precipitating the osteocalcin with barium sulphate (Grundberg C.M

Nieman $.D Abrams S Rosen H. Journal of Clinical Endocrinology and Metabolism
1998, 83, 3258).



3 5It can be seen that administration of vitamin K improved vitamin K serum levels. Supplementation
with a water-soluble and stabilised VK significantly (P<0.01) changed serum levels in the horses, and
significantly 8P28°0#944ised carboxylation in horses after 60 days. SuppleftdatrdP it Bio-available
VK has the potential to provide a safe, effective an% economical means of reducing the incidence of
orthopaedic disease in iohorses. The measuremeh?s show that VK is not abundantly available in most
modem horse diets. The following examples show compositions suitable to make a stable therapeutic

oqmVitamin KLY R L P AL o R B B AR IR 800 (o

850gmPolyettropsietstgastorast(Piaes ) ¥ T ENi8 des By badai s dhotefieavs Idicat05gMmVitamin
1)3 (500.Q90i(aM) Wi G400 RethYLRRrRRRNEXAMPLE 5 PASTE SOMPRSITION 35amVitamin

Kl and/or K2 109.4KgPropylene glycol 9.4Kgpotable water 105grnPolyethoxylated castor oil (PEG35)
or TWEER®G 3551 ctH e iR hod 3n e dogriitsstic s @t cotidriegr WBL (P<0.05),

s and high Vitamin K status (P<0.01).

- The carboxylated OC levels of the fourteen yearlings were then determined having
been subjected to three different environments, namely a paddock n late winter and under
local drought, a paddock in spring one week after 80mm rain and stabled over four weeks.
In addition carboxylated levels of the fourieen yearlings were determined with the horses

10 contained within different paddocks on the same farm. The results are shown in the

following tables:

Environmental Situation % Carboxylated OC Number
Late winter (local drought) | 75+12.3 (57 — 92) 14
Spring one week after | 90+2.2 (87 - 93) 14
80mm rain

Stable for two weeks 62+14.8 (38 - 86) 14
Paddock Aspect % Carboxylated OC Number
North-East 88+5.4 (82 — 92) 3
South-West 73411.6 (58 — 88) 6

South 70+12.1 (57 — 88) 5

Carboxylated OC levels and therefore Vitamin K status were significantly better

(P<.01) in the paddock with the most sunshine (the north-east aspect) and when the spring
15 grass was well grown (P<0.01).

It can be seen from the above that Vitamin K is not abundantly available in most
modern diets for horses. Pasture access has been shown to be beneficial to bone
development in growing horses, In most studies as a conirast to stall confinement.
Confinement also means a diet of hay and concentrates, deficient in vitamin K. In

20  addition to free exercise, pasture access may in many cases provide a needed source of
vitamin K.
EXAMPLE 3

Fourteen thoroughbred yearlings were provided with a supplement to normal

pasture grazing. Four yearlings were supplemented with a blank paste as placebo. Five

25 were supplemented with vitamin K in oil and five were supplemented with soluble



15100gmmethyl paraben 660grnXanthan Gum. EXAMPLE 6 PASTE COMPOSITION 20 35gmVitamin
K1 ancUor K2 9.4KgPropylene glycol 9.4Kgpotable water 105gmPolyethoxylated castor oil (PEG35) or
TWEEN 80VE5¢iid tarotene WS10% 251 00gmmethyl paraben 660gmRERthBR G HHSEXAMPLE 7
LIQUID COMPOSITION 3015gmvitamin K1 and/or 1C2 5KgPolyethoxylated castor oil (PEG35) or
TWEEN 80 15KgEthanol 100% 15gmbeta carotend WS10% 105gmVitamin 1)3 (500,000iu/gm) WS

19 100gmmethyl paraben. EXAMPLE 8 STABLE POWDER COMPOSITION CONCENTRATE (A)
55Kg of vitamin and/or K2 was added. to 10Kg, beta cyclodextrin and ethanol when required and
heated to 45CHR & mMker oy lgﬁsa%c?ﬁﬁ?rgf‘ﬂﬁ?e“fgptﬁg 8%‘?%%“96%%%‘00%%@6‘?@?? dhttPthe vitamin
K1 and/ornti2ybedarpevwnsshgordednnbedhe hydrophobic portion of the clathrate, and then dried. The
cyclodex tﬂﬁ@e&%be replaced with a i%gg Sﬁ%&fﬁ g%r}ll?nitlkthis case }\rﬂgm egglylose starch is a linear coll

mgs i : . .
and the [€TandforoK2becomes- corporatecwitrin-the cot—Fhe cyclcdextr:n Aoy be TCleCEd with

a zeolite| dantheast angioni<2 becombd bdiporated in the porgsdof the zeolite. 5Kg emulsifiers

and/or thigkening.agents(syit Ey En lgefs E400-E500) is added and 5Kg of Beta carotenge (10%
WS) is added. To %’e compos?é%on IS a%BdQed 2Kg (Silica)Aerosil 200 by coating the outside of the
particles P2 a free flowing powder. 15 EXAMPLE 9 STABLE!POWDER COMPQOSITION

CONCENZRAREAB)Preblend,rKa ofy¥itamin K1 and/or IC2 5

pasture in accordance with

the present invention

Carboxylation levels were then determined on those provided with soluble VK and

compared with those on placebo after 60 days. The results are as follows:

TB  yearlings 7mg/day | % Carboxylation OC Number
Vitamin K soluble
Test group pre-supplement | 65£12.7 (58 — 82) 3
Placebo group pre- | 67£10.1 (57 — 76) 3
supplement
Test group after 60 days | 90+2.2 (88 — 92) 3
Tmg/day
Placebo group after 60 days | 69+5.9 (64 - 75) 3
5 It can be seen that administration of vitamin K improved vitamin K serum levels.

Supplementation with a water-soluble and stabilised VK significantly (P<0.01) changed

serum levels in the horses, and significantly (P<0.01) raised carboxylation in horses after

60 days. Supplementation with bio-available VK has the potential to provide a safe,

effective and economical means of reducing the incidence of orthopaedic disease in
10 horses. The measurements show that VK is not abﬁndantly available in most modern

horse diets.

The following examples show compositions suitable to make a stable therapeutic
dose.
WATER SOLUBLE (WS) COMPOSITIONS

EXAMPLE 4
PASTE COMPOSITION
I5gm Vitamin K1 and/or K2
11.8 Kg Propylene glycol



21Kg Polyethoxylated castor oil (PEG35emulsifiers ) 205Kg of Beta carotene (10%) 464Kg Icing sugar
5% cornstarch EXAMPLE 10 23Kg of the above preblend (Example 9) was mixed with 745grn of
vitamin D398 {886 #56% U/gm WS) and made up to 464Kg with icing sugatFEHePIMeHHin K1 or K2
concentration of 7mg/lOgm 26 two-year old thorgughbred racehorses at commencement of training
for racing were divided into two groups. One grou 8("quinaquanone") received the 7 mg Vitamin K
formulation each day in feed for six months. The other group ("control”) received an 30 apparently
identical er confaini o Vitamin igital radiographs of the left third metacarpal bone and an
adjacent %ﬁ%ium@%&%ﬁ&%&ﬁ%%@@at various intervals, The radiographic density of the bone
and the stéfigetige Weolgatheagiated casthRBINBEQGH0 grabWEBNHS aluminium equivalence) calculated.
At each syh uent&wg%ﬁgrﬁrm%%BAE for each horse was compared to its initial RBAE and the
WO 2009/146490PCT/AU2009/000693 20 percentage change recorded. The mean percentage
change isi$K6Wn in tHéaBliBAAgXebROGIEER P’ entage change in RBAE over time days 12109/2008
14/10{2008)8d41 2/2008:R{P2A20% 8/05/200 quinaquanone 0 1.04 4.54 7.68 9.0 control 0 0.35 2.82
3.97

EXAMPLE 5
PASTE COMPOSITION
35gm Vitamin K1 and/or K2
10 9.4Kg Propylene glycol
5.4Kg potable water
105gm Polyethoxylated castor oil (PEG35) or TWEEN 80
35gm Beta carotene WS10%
80gm Vitamin D3 (500,000iv/gm) WS
15 100gm methyl paraben
660gm Xanthan Gum.

EXAMPLE 6
PASTE COMPOSITION
20 35gm Vitamin K1 and/or K2
04Kg Propylene glycol
9.4Kg potable water
105gm Polyethoxylated castor oil (PEG35) or TWEEN 80
35gm Beta carotene WS10%
25 100gm methyl paraben
660gm Xanthan Gum.

EXAMPLE 7
LIQUID COMPOSITION
30 15gm vitamin K1 and/or K2
5Kg Polyethoxylated castor 0il (PEG35) or TWEEN 80

15Kg Ethanol 100%
15gm beta carotene WS10%
105gm Vitamin D3 (500,000iw/gm) WS



5.0 Figure 1 shows the percentage change in radiographic bone density. With reference to the

5Figure the incrgsei&&one density over time on the horses on Vitamin K%%%Q%%ﬁ?nng) in
accordancy With'thid iiention was 9.050.91% compared with the control 5.022.17%. B¢ ays P=NS.

140days P <0.05. 200days P <0.01.  Average sgyum levels of Vitamin K, carboxylated osteocalcin
and uncarboxylated osteocalcin were determined as shown in the following table. Average serum
levels VitK Ng/mL Sep08 Average serum% carboxylated osteocalcin Sep08 Average serum%
uncarboxxl osteprpeqiﬁ;p Qf Average serum levels VitK Ng/mL May09 Average serum%
carboxylated osteocalcin'May09 Average serum% uncarboxylated osteocalcin Sep08 No Vit K 910
607 357 109 659 307 Vit K 1011 625 385 4514 868 86 It can be seen from the Table and Figure 1
that Vitamin K levels and carboxylated osteog&lgigperegsignificantly improved and uncarboxylated

osterocalcin sgnifican\t{}/ reduced in the treated %o%% EXAMPLE 11
STABLE POWDER COMPOSITION CONCENTRATE (A)

5 5Kg of vitamin K1 and/or K2 was added fo 10Kg beta cyclodextrin and ethanol
when required and heated to 40°C in a mixer for an amount of time for the clathrate to be
incorporated i.e., until the vitamin K! and/or K2 became incorporated into the
hydrophobic portion of the clathrate, and then dried. The cyclodextrin may be replaced
with a linear starch and in this case the amylose starch is a linear coil and the K1 and/or

10 K2 becomes incorporated within the coil. The cyclodextrin may be replaced with a
zeolite and the K1 and/or K2 becomes incorporated in the pores of the zeolite. S5Kg
emulsifiers and/or thickening agents (suitably E numbers E400-E500) is added and 5Kg
of Beta carotene (10% WS) is added. To the composition 1s added 2Kg (Silica)Aerosil
200 by coating the outside of the particles to form a free flowing powder.

EXAMPLE 9
STABLE POWDER COMPOSITION CONCENTRATE (B) Preblend
7Kg of Vitamin K1 and/or K2
21K g Polyethoxylated castor oil (PEG35emulsifiers }
20 S5Kg of Beta carotene (10%)
464K g Icing sugar 5% cornstarch

EXAMPLE 10

23Kg of the above preblend (Example 9) was mixed with 745gm of vitamin D3
25 {500,0001U/gm WS) and made up to 464K g with icing sugar having a Vitamin K1 or K2

concentration of 7mg/10gm
26 two-year old thoroughbred racehorses at commencement of training for racing
 were divided into two groups. One group (“quinaquanone”) received the 7 mg Vitamin K
formulation each day in feed for six months. The other group (“control™) received an
s3c  apparently identical powder containing no Vitamin K. Digital radiographs of the left
third metacarpal bone and an adjacent aluminium stepwedge were taken at various
intervals, The radiographic density of the bone and the stepwedge were measured and
RBAE (radiographic bone aluminium equivalence) calculated. At each subsequent

measurement the RBAE for each horse was compared to its initial RBAE and the



15 23Kg of the above preblend (Example 9) was mixed with 745grn of vitamin D3 (500,0001U/gm WS)
5Kg soluble Silica WO 2009/146490PCT/AU2009/000693 21 50gin boron and made up to 464Kg of
icing sugal BXRMBPE% 2 STABLE DILUTED K | or K2 POWDER IN VFFA%W‘WN%B&%L
PREBLEND 510KgVitamin K1 and/or K2 prebleng(?oncentrate (example 9) 324ginVitaminD3
(500,0001U/gm WS) 600KgVitamin mineral preblend mixed with high protein concentrate (66% protein)
or a combination of wheat pollard, rice pollard, soybean meal, canola meal, cotton seed meal, barley,
com oals AALRIRSLAGY CEIRIBRIOR RA Gladhie e B e AUENIEN T RITRIRD Protein
fat, carbogédrate, vitamifis and minerals. EXAMPLE 13 The formulation of Example 12 can be
extruded I§-complete feed for animals. 15EXAMPLE 14 The available vitamin K levels for various
compositions were determined as shown in the following table. This was a human study comparing

plasma vitamin K'1evels (ng/mL) after consuming green vegetation, a vitamin K oil and vitamin K water
i e300 BE '!.::"'"

I I3
soluble in.accordance with the nredEdit Relks B BAVOAR H88 m ng,/m1 Bicavailability
compared gayyater soluble vitamin K NumbenBedledspinashis milk 6006is 2.7/32%0061E8AS/200
driedspinach,in milk 500g 4.7
quinaguanone 0 1.04 4.54 7.68 9.0
control 0 0.35 2.82 3.97 5.0

Figure 1 shows the percentage change in radiographic bone density. With reference to the
s Figure the increse in bone density over time on the horses on Vitamin K1 |
(Quinaquanonem) in accordance with the invention was 9.0520.91% compared with the
control 5.0242.17%. 100days P=NS. 140days P <0.05. 20Gdays P <0.01.
Average serum levels of Vitamin K, carboxylated osteocalcin and uncarboxylated

osteocalcin were determined as shown in the following table.

Average | Average Average Average | Average Average
serum serum% serum% serum serum%o serum%
levels carboxylated | uncarboxylated | levels carboxylated | uncarboxylated
VitK osteocalcin | osteccalcin VitK osteocalcin | osteocalcin
Ng/ml. | Sep08 Sep08 Ng/mL | May09 Sep08
Sepl8 ‘ Mav09

No | 910 607 35+7 10+9 6549 307

Vit

K

Vit § 1011 62+5 38+5 4514 | B648 86

K

10 It can be seen from the Table and Figure 1 that Vitamin K levels and carboxylated

osteocalcin were significantly improved and uncarboxylated osterocalcin significantly

reduced in the treated group.

EXAMPLE 11
15 23Kg of the above preblend (Example 9) was mixed with 745gm of vitamin D3
{500,0001U/gm WS)
5K g sotuble Silica



26.4% 3 VKloilinmilk 500ug 8.24 45.6% 3 Water soluble VKI in milk500ugin accordancewiththe
present invention 15.11 100% 22  This table shows the oral bioavailahility of vitamin K in various

matrixes a‘ﬁié’r%w&é]sﬁé%ﬁof a standardised 500pg amount. The table showd tHA VAR poorly

bioavailable in spinach and in oil compared with v%ﬁter soluble vitamin K in accordance with the
present invention. 5 EXAMPLE 15 It is known that Vitamin K1 (K1) is rapidly degraded by sunlight
(UV). For vitamin K1 to be a stable component of a vitamin product, it is necessary to protect it using
physical I ical means. It was shown that a loss of approximately 20% of io1(1 occurred after
4 hours exposure to bright sunlight. Experiments were conducted to determine:- 1. If the loss can
be reducaddbiatsrimip4etkmatiicingdtitdance with the present invention without beta carotene in
black syringes. 2. If the loss can be redugagdsfy@dding beta-carotene to the composition. 5 3. The
effect of encapsulation of Vitamin K1 in a matrix such asac{zl&:lodextrin, starch and/or zeolites and the

effect of aatBhEGRIRY REREUr e df PoREERER BN el 6 MIRHER A S REFEENE omparison of loss
of vitgminii§g grom pestensioret AnddIHokpsyblage sitbdiedt oeranphi® syringe upon UV exposure for

8 hours wgs, conducted. imat 5¢ 1 paste as in Example 5 without Beta carotene was

taken fro é§€h of a%@ﬁ%%@ﬁ%ﬁ% %%%EL black syringe. Each 5g sample was homogenised

_and. alg éaﬁ_ﬁ@e wa's’iuakén.rﬁhxemhp_tptdmdrerﬁadMem@rmmnmmtcﬂmemyfﬁ@égmmboth placed
in direct Sg&“é.'%h%fn%ﬁng%? %ﬁ%ﬂ@b‘i%?ﬁ%ﬁ%‘&?@g}% k29 Was Bke e sampigsugre

processed as above and assayed for vitamin syringes were o _
meal, barley, com oats and lupins in any combination to maintain the dietary

10 requirements for animals in protein, fat, carbohydrate, vitamins and minerals.

EXAMPLE 13

The formulation of Example 12 can be extruded as a complete feed for animals.

15 EXAMPLE 14
The available vitamin K levels for various compositions were determined as shown
in the following table. This was a human study comparing plasma vitamin K levels
(ng/ml.) after consuming green vegetation, a vitamin K oil and vitamin K water soluble in
accordance with the present invention:

20

Source of VK VK1 serum ng/ml Bioavailability Number
compared to water

soluble vitamin K.

Boiled spinach in|2.7 12% 3
milk 500ug |
Freeze dried spinach | 4.7 26.4% 3
in milk 500ug

VK! oil in milk | 8.24 45.6% 3
500pug

Water solubie VK1 in | 15.11 100% 3

milk 500ug in

accordance with the

present invention




25exposed to sunlight for a further 4 hours and the samples again analysed for vitamin K1 as above.
The results are shown in the following table: Vitamin K1 level 0 hours UV exposure Vitamin K1 level 4
hours UV %3@%@:4@3‘55) Vitamin K1 level 8 hours UV exposure (loss) Mﬁﬁ&%&?%%ﬁﬁ&% 1.65 mg/g
0.99 mg/g (40%) 0.50 mg/g (70%) Black syringe %265 mg/g 1.25 mg/g (25%) 0.92 mg/g (44%) WO
2009/146490PCT/AU2009/000693 23 It can b€ seen from this table that the loss of vitamin K1 was
more rapid from the paste in the white HDPE (high density polyethylene) container, however the loss

of vitamin K1 fig thy Rlagk syringe ypsiendieshinr tewniadheitoiRe aapsidsiad WY siaple. The

results do however show that it is preferable to package the composition in a dark syringe. 2)The

effect of H98HAMGH 8r tardardiane ROQE R8I cEhRitRRISeshrvse Hiahvétemsn) s /asil K1 stability

to UV wasitaenidelennigadathisdhonght taatheta-waroiane wiluyrteahths Wamindiiadnce paste,
exposed to'#\t/l;}g ht as it will be iopreferentially photo-oxidised. A water soluble paste containing
e

beta-carote BEDAPEFHCCording to the following composition as in Example 5. PASTE
COMPOSITION 35gmVitamin Kl and/or K2 9,4KgPropylene glycol 159.4Kgpotable water

105gmPolyethoxylated castor oil (PEG35) Qé;{)(‘ﬁﬁ'\é%%
It is known that Vitamin K1 (K1) is rapidly degraded by sunlight (UV).

vitamin K1 to be a stable component of a vitamin product, it is necessary to protect it

For

using physical and/or chemical means. It was shown that a loss of approximately 20% of

e K1 occurred after 4 hours exposure to bright sunlight. Experiments were conducted to
determine:-

1. If the loss can be reduced by storing paste made in accordance with the
present invention without beta carotene in black syringes.
2. Htheloss can be reduced by adding beta-carotene to the composition.

15 3. The effect of encapsulation of Vitamin K1 in a matrix such as cyclodextrin,
starch and/or zeolites and the effect of a diluent being a mixture of monosaccharide or
disaccharide and starch.

1) Comparison of loss of vitamin K1 from paste stored in a black syringe with
that from a white syringe upon UV exposure for 8 hours was conducted. Approximately

20 5g of K1 paste as in Example 5 without Beta carotene was taken from each of a 60mL
white syringe and 60mL black syringe. Each 5g sample was homogenised and a Ig
sample was taken. The samples were analysed for vitamin K1. The syringes were both
placed in direct sunlight for 4 hours after which a second sample of 5g was taken. The
samples were processed as above and assayed for vitamin K1. The syringes were

25 exposed to sunlight for a further 4 hours and the samples again analysed for vitamin K1
as above.

The results are shown in the following table:

Vitamin K1 level §

hours UV exposure

Vitamin K1 level 4

hours UV exposure

Vitamin K1 level 8

hours UV exposure

(Loss) (loss)
White/clear syringe | 1.65 mg/g 0.99 mg/g (40%) 0.50 mg/g (70%)
Black syringe 1.65 mg/g 1.25 mg/g (25%) 0.92 mg/g (44%)




35gmbeta carotene WS10% 800gmVitamin D3 (500,000iu/gm) WS 100gmmethyl paraben 20
660gmXanthan Gum. The paste was placed into white (HDPE) 30 mL syringes and treated as
follows:-Satipry %2878y at 4C for 24 hrs Sample 2-stored in sunlight for £ RRAREI%EMEare shown
in the following table: 25 Sample Vitamin K1 concgntration % loss 1.7mg/g02 1.7 mg/g0 No loss
of vitamin K1 was evident after 4 hrs exposure to anlight when beta-carotene was included in the
composition. This shows that beta-carotene may afford vitamin K1 protection against photo-oxidation.
WO 2000/146490PCT/AU20Q9/000693 24  3). Encapsulation of Vitarmin 1(1 in a powder g\

rasin

I L H. aatriv-crial | 5 1
accordance-withrExampte-8-tising-a-matrix-such-as-eyclodextrinstarch-and/orzeslites-and/

Example 10, use of a diluent being a mixture of monosaccharide or disaccharide and starch were
prepared. Samples Were LONAR -fo, ili xposure to 4hr UV sunlight.. Samples 5 were
placed in both white HDP?E andﬁgﬁgéi.{ﬁ%%@%}&gggé%wﬁﬁwﬁ Al saﬂﬁeg%g%%g'a e %p? 5 7mg/l0gm
powder bfsie Expbeurdiis WNPPEh&higbutsmarty shadvaitinene) folovingrtabbayayEF Al Noks ROWDER

BLACK bUﬁKﬁiHRﬁﬁ%&%ﬂMM? Evas too great for the product to be considered UV

s stable. The results do however show that it is preferable to package the composition in a

dark syringe.

2)  The effect of the addition of beta-carotene (in accordance with the present
invention) on vitamin K1 stability to UV was then determined. It is thought that beta-
carotene will protect the vitamin K1, in a paste, exposed to UV light as it will be

10 preferentially photo-oxidised. A water soluble paste containing beta-carotene was
prepared according to the following composition as in Example 5.
PASTE COMPOSITION
35gm Vitamin K1 and/or K2
9.4Kg Propylene glyco!

15 9.4Kg potable water
105gm Polyethoxylated castor oil (PEG335) or TWEEN 80
35gmbeta carotene WS10%
800gm Vitamin D3 (500,000iu/gm) WS
100gm methyl paraben

10 660gm Xanthan Gum.

The paste was placed into white (HDPE) 30 mL syringes and treated as follows:-

Sample 1-stored at 4° C for 24 hrs

Sample 2-stored in sunlight for 4 hrs

The results are shown in the following table:

25

Sample Vitamin K] concentration % loss
1 1.7 mg/g 0
2 1.7 mg/g 0

No loss of vitamin K1 was evident afier 4 hrs exposure to sunlight when beta-
carotene was included in the composition. This shows that beta-carotene may afford

vitamin K1 protection against photo-oxidation.



Starch 7mg KIR Ogm powder loss) (0%7mg Kl/I0grn powder loss) (0% Zeolite powder 7mg K1/10gm
powder (0% loss) 7mg/lI0gni powder (0% loss) Cyclodextrin powder 7mg KIR O m%powder (0% loss)
7mg Kl/ld@fﬁzﬂ WS Hoo loss) Icing sugar/starch mix 7mg 1(1/10gm pov\%f"fg‘% @ggﬁ%mg KIR
Opn powder (0% loss) ft)This example shows that encapsulation of K1 (in accordance with the
invention) and use of a diluent being a sugar/starcft mix improves its stability. =~ The foregoing
description of preferred embodiments and best mode of the invention known to the applicant at the
time of filing the application have b presented for the purposes of illustration and description. It is
ot ntended 1o e oRBR At T O T Ao I Pretsee T b ey
modificatiosis @adnatniatiorisaarey pogsittiinnstastight.of thee btss wadéaactsing EXmammbadiseardts were
chosen andigssriparn ardetiedest mxaainheRInslalen albe n entan AR isRrastial

application to thereby enable others skilled in the art to best utilize the invention’in

embodiments aFInMes Waiogemmsatrcttorabakitarelistieaestid pARicHKr HdigyntSapRIssd. It is
intended 2Qthapthe sepreAlWiginmentionkeulglinethby thekaimsiAPRENdediNGIRPes were
made up to 7mg/10gm powder before exposure to UV. The results are shown in the

following table.

VITAMIN K POWDER BLACK bucket HDPE WHITE bucket HDPE
Starch Tmg Kl1/10gm powder (0%7mg K1/10gm powder (0%
loss) loss) :
Zeolite powder 7mg K1/10gm powder 7mg/10gm powder
(0% loss) (0% loss)
Cyclodextrin powder 7mg K1/10gm powder 7mg K1/10gm powder
(0% loss) (0% loss)
Icing sugar/starch mix 7mg K1/10gm powder 7mg K1/10gm powder
(0% loss) (0% loss)
10 This example shows that encapsulation of K1 (in accordance with the invention)

and use of a diluent being a sugar/starch mix improves its stabihity.

The foregoing description of preferred embodiments and best mode of the invention
known to the applicant at the time of filing the application have been presented for the
purposes of illustration and description. It 1s not intended to be exhaustive or to imit the

i5  invention to the precise form disclosed. Many modifications and variations are possible
in the light of the above teaching. The embodiments were chosen and described in order
to best explain the principles of the invention and its practical application to thereby
enable others skilled in the art to best utilize the invention in various embodiments and
with various modifications as are suited to the particular use contemplated. 1t is intended

20  that the scope of the invention be defined by the claims appended hereto.



Claims: 1. Use of a composition comprising vitamin 1(1, vitamin K.2 or a mixture of vitamin Kl and
vitamin 1(2, together with a physiologically acceptalle carrier, excipient and/or diluent in the
manufacture of a medicament for increasing bone density, maintaining bone density and/or inhibiting
loss of bone density and/or reducing oste,ochondral defects in an equine or avian comprising
administering tocét"\‘f’@quine or avian an effective amount of a the medicament. 2. Use of a
.composition including VitamirViloRataninsiti® ormamaixiuteafilamini kangd vitamin Extagether with a
physiologically aeeeptable.carrisf.excinientandios dilventin the manufacture, of f?omﬁﬂi%?{:‘;‘e”t for
increasing plas%ea_levgtlagtgryig?min é( in an Fquing ar a\%/)ian beyond that_acﬁieva% e by diet. 3. Use
of a composition CORTAIRNG Vitamin KI- Vitamin 12" e s M Aira o rRAiBAmTe Prsrmsita it oL (2, together
with a physiolodReiiiyea des pthbreccérrisy, st isticandtercihredrtiatrvith omwithoutear-adjunct vitamin
or mineral in thenpnidaeturesefis medigamention incigasing.hone e rsity.maintaining bone density
andlor inhibiting loss of bone.density. ARKUALGgicing gaisadhondial dsfects in.an equine or avian
wherein the useﬁ omprises administration of composition to reach a out the Thaximum achievable
level of carboxy

<:aj1:tae}1 SEBE IR ThE B RAE B B\ RergRrekteRIrer. sxopiyHendde dilwserding to claim
1, 2 or 3 whereifitheenpo sitioreicaart fistereoealysnB. A\ fStaien dhth watersolt Ble:n

~ composition:Compsdga: achivitalmin 441, vitamin 1(2 or a mixture of vitamin ICI and vitamin K2
en-apsulated into a cyglodexitin; beta- tene: and an emulsifier and/qgr thickening. agent. 6. A UV
stable powder compos?i'tio.n cgrgfe}Eﬁasigr%%%ggo\l}i%ﬁﬁ%fﬂ\a}ﬁ%nm% ‘fi@%d%%%?x%téxﬁg{/‘(f Kl and
vitamin K.2s entaPSuitB imd SRy ieadhs desisaly rotared o ramutsimarmior dinekening agent:
optionally dilutedibyaviiaenrt. dfjuscUistablorpowter tomposition CoMmprisiagn: for Miamig 1(1, vitamin

1(2 or a mixture,ef:viagn MehandyitaminL(2, sacansuated INoA gyeladextrin,, 26, beta:carotene;
vitamin D3; an %@egé%g%ggapgﬁ%%tgcgnegin ea%ené(‘;igpti rﬂlalljg/ iluted by a diluent. 58. A UVstable
q‘f%, vitamin 1(% B Mixtlite SFOTEih A R SFHIYitEmin 1(2;

powder composition comprising: vitamin“KI, _
beta-carotene; (&RATH I3 ST FrRBFth Rk dtyehef letfervitsrhivst¢deiomvitainin K2 or
mixture thereof eptionadhy:endapsutated into a

4, The use according to claim 1, 2 or 3 wherein the composition is administered
orally. _

5. AUV stable and water soluble composition comprising:

vitamin K, vitamin X2 or 2 mixture of vitamin X! and vitamin K2, encapsulated
inte a cyclodextnn

beta-carotens; and

an emulsifier and/or thickening agent.

f. AUV stable powder composition comprising:

vitamin K, vitamin K2 or a mixmure of vitamin X1 and vitamin K2 encapsulated
into a cyclodextrin;

beta-carotens;

an emuisifier and/or thickening agent;

optionally dituted by 2 diluent.

7. AUV stable powder composition comprising;

vitamin K, vitamin K2 or & mixmure of vitamin X! and vitamin K2, encapsilated
mto a cyelodexirin;



starch and/or zeolite; optionally diluted by a diluent. 9. A.compositioh according to claim 6, 7 or 8,
wherein the diluent is a mixture of one or more monosaccharides, disaccharides and starch. 1510. A
UV composition comprising:  vitamin Kl, vitamin K2 or a mixture of vitamin K PEHAUILAGHONE23
encapsulated into a cyclodextrin; and a UV absorber. 11. A horse supplemﬁr&bewaﬂo}lslﬂgrthézelo
composmon of claim 5, 6, 7, 8, 9 or 10: 20 25 26

beta-qarotene;
- vitarnin D3; -
" an emulsifier and/or thickening agént;
optionally diluted by a diluent. _
s 8 AUV stable powder composition comprising:
vitarnin K1, vitamin K2 or 2 mixture of vitamin K1 and vitamin K2;
beta-carotene; V
vitamin D3
an emuls1ﬁer and/or thackcnmg agent
10 ~ the vitamin K1 or vitamin K2 or mixture thergof optionaliy encapsulated into a
starch and/or zeolite; .
optionally diluted by a diluent.
9. A composition according to claim 6, 7 or &, wherein the diluent is a mixture
of one or more monosaccharides, dis'aochaﬁdes and starch. |
15 10 AUV cmnpesmon compnsmg |
v:tamm K1, vitamin KZ ora mxxture of vitamin K1 and vitamin K2, cncapsulated
into a cyclodextnn and ‘
aUv absorber.
11. A horse supplement comprising the composition of claim 5, 6,7, 8,9 or 10 -

20

25



