20

25

30

A METHOD FOR | NCREASI NG BONE DENSI TY AND/ OR REDUCI NG
ANY OSTEOCHONDRAL DEFECTS IN AN ANI MAL AND A
W@E@GNPO8HTI ON | NCLUDI NG VI TAM N K Techni cal Fi ePdI/AK2009/000693
present invention relates to a nmethod for increasing
the bone density and/or reddci ng osteochondral defects
in an ani mal and various conpositions including
vitamin K suitable for adm nistration to an ani mal .
Background of the Invention The information provided

AMETAOD # OREINCREASING  BONEDENSITY WED/ORUH}'DUCWG ANY
assi st the under st andlﬂg of the reader. and _do

cORTEQHONLRAL REE GRS N NM’MﬂLt'ﬂEIDréfQPMP%’UP’V

information is priqQuvcaUpivg WWEARMIARBRNt i nventi on.
Bones are rigid organs formng part of the

endoskel eton of vertebrate aninmals. They function to
nmove, support, and pro?@@@”’?ﬁff’@@é organs of the body,
uce d and ood s and s ner.
BaRE<Essal minto, ithEs o Sroehin et Bframagule BhaRpRly andror
reddcmcf,eédﬁéﬂchaxﬂuialea@f&ft@ﬁi arB briithal B varldiB YoRipBsiibh® igludivay Witamin
| | ght wei. Bone is a dynamc tissue, constantly

S‘P@\‘i‘b‘d@rﬁﬁif@lﬁl?g@épﬂtw‘f‘?fé%bnse to the forces of inpact
and | oadi ng. Bones are nade up of two types of bone

tissue, cortical pawyrabAdiorapeghventiopne. Corti cal
bone is the dense bone that gives bones their shape

aﬂd1eahfoemgt1dsn pidv1dl§ﬂklmseml ranabefatenSék%lmﬁ atrél eraxddddt solely to assist
|l eto T@eculr s a'nes

the HB eryandipe ¢ cxaders gp |?Ptt‘i?é’5‘é‘i‘fE?sa‘6f %mﬂ@%ﬂat any of the

refe%@@ﬁorﬁﬂfd’rﬁﬁﬁ@ﬁ RPpriohert koM pi@ehtienBdhi Ous bone
nI ries are generally attributed to normal bone

§ 1§ rigidh BrashedPRing Qars o b Hicegndogkalsten qth@ebgate animals.
The?fﬁ!u%ﬁo b nidVe n%ﬁ)fbgrt HRNStolel] WrloBS of s BE ettt produce red and

rou% abnor one reacting to nor ITHF I NMpa t
whiteobldpa gellvang st@mmmmlﬁr i Bgnasecome irf amaﬁye@ﬁc,slmpes and have a

com e‘%‘( dg{s}g%% 219(? gxté‘%ﬁf‘&ut otrgm ?Q%Jséer? ?&o%ne Sﬁarfdra ‘atlf‘éégﬁelélr{at

e>BimpI1e aQlyhamjrotiszae, constant] yC renseigling oteelf)fn fmpd)m:b ab arecforces of
impggta\ﬁ%qgagr?ge 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’
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 result from
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

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



20

25

30

formati on and resorption of bone. Increasing bone

density or building stronger bone is vital in order to
WQr@Woa#49&eri ous bone injury. It would be desiPGHAE2G08/000693

provi de met hods of increasing bone density in an

animal so as to prevent bon@ injury and to provide

conpositions suitable for the sane. Sunmary of the

I nvention According to a first aspect of the present

i nvention, there |sumydﬂdth@ Mwehgenof i ncreasing
bone den3|ty, mai nt ai ni ng bone density and/or

i Mdcordingitp h dsst aspedd of ¢hedpresdnt y'rn\@ntjcbmrthcredw pravided a method of

steochon t s ani.na ONpr.i.sin .
incr e PR St Bt i Befl oGl B bF T Rp8hss of bgne density
and/o0 Fgusing a3 teoclouiidedl diefegts il hi aniimial Kbmpisih@ adriinkeleriiig ta an animal

L xture of vitamn Kl and vitamn K2, together with a
an %@Y%%@‘?‘E&fP)?OQEE%B?%B?”@‘B‘&‘&| er, excipient and/or

diVitagid K1A¢RAh Kot @nﬁxtﬁmtaﬁﬁlﬁ’ﬁqtanafvn‘éﬂﬁh RpERBBther with a
invention, there is provided a nethod of increasing

phypiplogically @cesptable cariernexeiNentrang/ier dinent beyond t hat
ACAU BYRD % o J’Q’echindaésp@&'mrtﬁcs &:n??me{x‘ﬁ&‘f %ér@%éﬁ%\rlldgd a method of

conpositfTon in ng V|ta amn
incrpasiig) rptasmfa loivelanf ryitEimirakd ini aramllmaKZ)eyOmgehdteachWVahleaby diet
SIO| acce bl e carrier nt. and/ or .
conpr e oS REp o ER E0pin g §oini Sisap R 1P kEMppERE o mixture
of vimngint Kamand hrttamm Kprtogettead wathmet piodioddgicdllyr eeckptable carrier,
bone , . mai nt ai ni ng bone density and/ or
excnlpmquycﬁ ‘%B%s of bone density and/or reducing

OARBFIN Y AkhifiPeitofithe Breséiifiventi6 R REeSh bewded a method of
adwnnlster;§$ a conp osition contalnlng vitam n
Y,

inorgqsHnEPOTCLGETBNY, M FNAITIP& bORe JaSHERC/RT TFRItDg ﬂ%.sno,f] brpe density
and/oP RGP oWeBg}(ﬁdeJqYl feQls@9hE 1h§él ?ﬂ%ﬁ?l e carrier,

excl p1 e t an uent an hout an
adfiunmstenng amqnnpnsmmn@n@dlmng onuam I la botamin ke mam mixture of

v1ta§10hkqv \gltam@{ Rat Oéfﬁl%r Q&’fﬁy a ?ltrlpgsgglgé&ﬁfcgcc nble ca er efxmplent

el'n ccord Yot
and/tohehlpr—:ﬁsmi wllthV@ﬂtvithdmt drhedjandtsvifuiman i atedinerat ompfmblﬁ iabout the

I INTRG LR R RN AL T

Accordlng to a fourth aspect of the present invention, there is prov1ded a
composition comprising:

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

a UV absorber.

According to a fifth aspect of the present invention, there is provided 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.

According to a sixth aspect of the present invention, there is provided a stable
powder composition comprising;:

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

beta-carotene; ' .

an emulsifier and/or thickening agent;

encapsulated into a starch and/or a zeolite and/or
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According to a fifth aspect of the present invention,
there is provided a stable and water sol uble

WQ9pa4420 on conprising: vitamn K, vitam n KRCHAU2009/000693
m xture of vitamn Kl and vitam n K2; beta-carotene;
and an enul sifier and/or thidckening agent. According

- to a sixth aspect of the present invention, there is
provi ded a stabl e powder conposition conpri sing:
Vidikwddbyd diluent.amin K2 or a mxture of vitamn K and
vitam p K2; and beta-carotene; an_enulsifjer and/o
t FACREHPGEP A gyt éﬁ@abgﬁrhgt@asqnhfrtyeat%é &R IR Gled stable

pow&fépkérhﬁos@tﬂﬂ{&fnﬂ?ﬂdsm d by a diluent. According to a
seventh aspect of the present invention, there is

pridtamie i 1avisamip| k2 erowaettuteeipysaimin Kh agd mdamnsi 1y

Viy.am . vitamn K2 or a mxture of vitamn KI and
vil{eggrgérgo%?’ bet a-carotene; Vitamin D2 or D3 or a

m Witamie [ oD} ama miDRreaofdViB@nind?2 awiD3; fi er and/ or

t hi ckeni.ﬁgr agent.. ]gnca sulated into a starch and/or a
2 &8 st pagior IMicKeNInE 386t | jent . According to an
eie@b@;{jsulgmaeﬁﬁo agil‘tarblﬂ&nv\gble@ﬁdtﬂité adesiti on, there is
prQvi st abl e powder conposition conpri sing:
viqﬂé‘FﬁdﬁyKﬁl,ueQ‘i-tam n K2 or a mixture of vitanin Kl and

ViA&Btding% aPlghif ﬁigéﬁte@ﬁﬁhggiréﬁm fhv@?{i(ﬂ% th¥%e Q¥ pidvided a stable
povidet eHRPISHigrUgEITISIng: i ner al active:

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

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
mixture of monosaccharide or disaccharide and starch.

According to a ninth aspect, there is provided a horse supplement or horse feed

comprising the composition of the fourth, fifth, sixth, seventh or eighth aspect.

Definitions

The following are some definitions that may be helpful in understanding the
description of the present invention. These are intended as general definitions and should
in no way limit the scope of the present invention to those terms alone, but are put forth
for a better understanding of the following description.

Unless the context requires otherwise or specifically stated to the contrary, integers,
steps or elements of the invention recited herein as singular integers, steps or elements
clearly encompass both singular and plural forms of the recited integers,. steps or
elements. '

Throughout this specification, unless the context requires otherwise, the word
“comprise”, or variations such as “comprises” or “comprising”, will be understood to
imply 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
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encapsul ated into a starch and/or a zeolite and/or

diluted by a diluent being a m xture of nobnosacchari de
w@erooditédethari de and starch. According to a ni PEFHAU2009/000693

aspect, there is provided a horse supplenment or horse

feed conprising the conpositdon of the fourth, fifth,

sixth, seventh or eighth aspect. Definitions The

following are sonme definitions that may be hel pful in .

or infepRrsSt TNds,N@ heecod @€ lof Rhis pecificithm, ARE $@H “comprising” means

.._lnyention. Th%se are intended as general definitions

inclyding REBFI2I DHENQtAgCassanily slply scope of the present
invention to those terns alone, but are put forth for

a better under st andgbastrpition'6f Dralingsng description.
Unl ess the context requires otherwi se or specifically

StEigwd I & & lgeaphoott percentage rvheggr 8), radiogpaphitr baleedensitg 026 two
the jnvention recited, herein as sihqul ar .iptegers,.
yeat{ glds YsArES nalISFEd Mithe s opaLltgRy Af sMitqunitigny nemed
Quiﬁhquaﬂbnd‘rUr ms of the recited integers, steps or
el ements. Throughout this specification, unless the

context .requires otherw se, e word "conmprjse", or

C o iahite Dbscribtian of fetaries Empodiaignts PE the invetiqn

be, under st o i t inel usion of. a . e

ot SRSTERISR okt 1oiGs o et P Bt SR il for
their meedyefrom dumsumole grieen €esh @edsess @fd Runyast xLomaivepesodonsuming

el ement or.integer o roup .of el enmentsor Jntegers. «
vegqiaBleS and, daicy PEGHHEts. TRf PRI 1RYRBIATF HOMRPGhevEHscoyingg for the
first’ ﬁ@l@%ﬂsdoﬂﬁary'@aﬁﬁ@u'fdr elieftihag herstd ¢itRablyborRUhineedl density are

necessarily solely". Description of Draw ngs Figure

1
vitamyn oK g fefimens refleptinshealiey cietape intake- adil by rripynt 1peskors have
disc@@?&%ﬂtﬁﬁiﬂ' it #6pdsidley 86t in@bdbe Yahd q@&é@%ﬁkﬁ‘t’aﬁﬁﬁ €qn Vﬁof_rr%.bs not

a tformulation of the I nvention, nane | naquanone(t
achievaide diyl ednIDEyng i naturaln grassasr by exdmanis€nibgdd reempesitibn tingluding

vitai?gx\}’gftlila qréé%eg%@go%ee%ﬁ:‘oggsly t hought that horses as

i'vor e in‘surficient vitamn K for their needs
f r@mn aesearchemscage deen fooksly aybass asctabolistlindosseasspecifically the

BTSSR SRSHLR, VoA S o, dnd dal oy, products, The
that vitamin K has anything to do with it;

(b) major horse nutrition texts, including the 2 “bibles” (Ensminger M.E.,
Oldfield J.E. and Heinemann W.W., (1990) Feeds & Nutrition 2nd Ed., Ensminger
Publishing Co., Clovis California; and NRC (2007) Nutrient Requirements of Horsés, 6th
Ed., National Academy Press, Washington DC) state that vitamin K is plentiful in horse
food. In addition the only actual measurement of vitamin K in horse food has also been
reported incorrectly. Siciliano P.D., Warren L.K. and Lawrence L.M., (2000) Changes in
vitamin K status of growing horses. J. Equi Vet. Sc. 20 (11): 726-729 mistakenly report
the amount of “vitamin K status of horse freely consuming 261mg/day Phylloquinone per
100gm dry food in a primary forage diet” which should have read 261pg/day as analysed
and confirmed by the inventors, and which is 1000 times less than that reported by
Siciliano et al. The inventors on contacting the laboratory who did the test were able to
confirm that the amount quoted is incorrect. As a result of these references, the question
of vitamin K deficiency in horses has not been questioned, until this discovery and the

false assumption that horses get plenty of vitamin K from their diet has been perpetuated.
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first time and contrary to popul ar belief that horses
with | ow bone mneral density are vitam n K deficient

WO 2§paet4blhg a | ow dietary intake. The present PEU/AH2ZWHP/E00693
have di scovered that it is possible to increase plasma
| evel s of vitamn K in horsés not achi evabl e by
consum ng natural grasses by adm nistering a
conmposition including vitamn K Having regard to the

abRy e THeahvétsR i afiscotag thaemobtotbd died! alOinefact vitamin K
nmet abolismin horses, specifically the vitamn K

deﬁé’@ﬁ’éndent osteocal cin since 1993 and it has never

OCdr r@s@n‘ ﬁvémbfrs rh%§§ 915& ht%%?veglﬁhat\’lh%@%ﬁb Ilﬁnﬁf"aﬁ density (BMD) is

anyt maj or rse nutrition
s1gmﬁoatn§y qon@lalmi wght(ﬂé l@VerbVBLe@’lSﬂQIEerdmg@phlcI\IIGEOHS) (2) reduced

1n01%J T i flgrﬁgliﬁgta@é's ﬁgsfﬁ”@}ﬁ 3) %ﬁxggkég?gg% Ié?/status
CaVitdnain rK VKyrisl wilRy (aEQﬁVa)ed\lwithlthmb laeg}estalﬂmhm sisronceptions:
(@) ERE G D6 i S5 PR PR Sichks (o Betn hgvaeifghcectables)

and | foraedi providet §igplas| YKatdrUéithefBamtng & hedivorés: afdn(df hindgut
i.n, horse food has _al so been reported |ncorrectly

micegflorg pronilesufficienpik: inprevent dghigiencynr ence L. M, (2000) -

Chapgsia K (‘VKb Bésmh?relﬁ)r%tlﬁ{g;@e eRf1dkeRWh E@fﬁ'&%@ﬁ% hufnan and animal
Equi Vet . 729 m stakenly report the

nutnatmu Rince fthe' amolam in fKO@t andufsedsf orhigeens i$ pbeiloysly shifisientdo avoid

c"a%“ﬁ‘u}%’gam? gélé’ ‘Zﬁqg H&\r/\}/ﬁl gﬁsre'shou o vdéfﬂ?ea%ﬁlgeéqem f9r Yt was
established aiws\édnjentdonsomf vitaneid Ib),ddﬁb&:nt humaho ks ,as a0 antauh normal
protforégh it 5 BTRHPS TG e War RIS iy (o oG ke of

bodW&ghﬁ@lR@leI%%bT&adhﬁbv@Q}ﬁ RDA fibata Hi&&rﬁfﬂ!&lmls %u%e& difficult
IS I ncorrect. result of these references

as thgebiopwalability ffrglﬁh BTeRD qE$getabis apatich ¥oprouad hHM n%‘%d there are
recdEREAAHER AR 1evdldtvilatis KinB&Q\¥REMd BBthdr&iBed &) 5-1mg/day.

assunption that horses get plenty of vitamn K from

t AMany digtet(heraan pebrnipel)pet thateé@e(lc )faché< deficientoFpidpraiadogical
studgé S&PXI%H{?& Bﬁ%ﬁlt 1{18{(19 Floﬁ Ravd' ﬁlo gf:og)o}ihée%rglg\gllﬁon of
ef presen S |

i clren I nventors have scove
unczlrbaXyliitle@; rostmonzﬂcmn inchalthylehdlidtep QBMDnor sE Mglgadndc@n Mlyhaelsen

) T b e A e 07 S RBRIL N
2009 9$a6@1 (wa) algd Bufriherbh M. WKBfadint &l’ﬂNbul‘t()F sKaisuw, Vermeer C.
Pediatric Research 2007, 61: 366

Deficiency of VK resulting in haemorrhagic disease is rare, since the clotting
factors require so little of it. The non-coagulation VK dependent proteins however
require much higher intake, and sub-clinical deficiency is widespread. The majof non-
coagulation diseases to which VK deficiency is either a primary or contﬁbutory 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
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 inéluding Osteocalcin, MGP (Matrix Gla Protein), Protein C
and Protein S. The latter two (coagulation) roles can be performed by K1, K2 or K3, but
Osteocalcin (bone) and MGP (cartilage, arteries etc.) are only activated by K1 and K2.
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Vitamn K (VK) is wdely associated with three
| ong- est abl i shed m sconceptions: (a) coagul ati on has
WO pWIg4adt est requirenment for VK, (b) green | eBGE4U2009/000693
(l eafy vegetabl es) and forages provide surplus VK for
ei ther humans or herbivores;6 and (c) hindgut
m crofl ora provide sufficient VK to prevent
deficiency. Vitamn K (VK) has therefore | ong been

K1 'zhaken ars ifhibiti dstedbliast ddfivity @il adtila@nadBXRNpérel for Bsmation of
since the amount in foods and feeds or faecés is

bongsollagesl y sufficient to avoid coagul opathy. This
hoxgy ‘?éceh?eﬂ@éncte% §e§§sea B{én{ﬁ]' ernEﬁQQP' Q)le bP¥itamin K in glucose

requi renent for sta i shed by IV injections
homegstatis, ansuimrcedsﬁmy emi entzrgnrmsetdmham tYwshida i aiBeotto B dml Meigs

R R R S e S el
ad?hyﬁuwmme (307 r&rannmaegmhl egastr yf raspizkdni & tihewbkmplasts of green

o T ootttk M At BRb el QR BE PGBk faion o

chldrbghiyllt hHohii)‘hSioSyrﬁﬁetM ]§a’itf§1 of ;k{amt@gﬁkms D getdd) b@htam negllglble K1

increased to 0.5-1ng/day. Many diets (human and
¢ QAP MEkE: therefore in fact VK deficient.

EH?%? BbR ¥ KA b%ﬁédﬂaﬁﬁll}o Bs &dunl :Qr;ﬁﬁtcf Wﬂgk@@ BEREK art he rate of

have sh ronounced el eva
degradataorbisxditegt e aelated é@ﬁ@l lctensﬁmowéﬂ& hBureH{ ] dr spdution is denatured

in 2/ RIS tn Froc o, AeFin JERETRETp s hed TRETIA 0567 fowrs in
dlrehusunlllghb nTBOBatyrad BioaGfilabilBgefd ks Soumk8-d0%vhnd wBemaonsumed

w1t1283(547s i%&éf%éﬂﬁgmaﬁrg ﬁeg}ceg]]{ra\%{l 512@18 ?t ! I y six% 5 tge degradation

of KRedMRirtHea@rebléth SResi foreS haded &, that ﬂﬁecdnb@ltﬁin@htdfrwher fat soluble
factors require so little of it. The non-coagul ati o

nutngats) s4bn et Hitelp gt Grens VASRIRAS Mmag s PR QR i aﬂhérgher than the

conbdi@tién O?WaﬁHqul | DhteRl coRpd&d @'ﬂﬁythé %b%}zﬁ?ﬁpﬁr?@gxeta_gtiﬁsm of
maj or noncoagél ation di seases to ficienc

v1tangn Kilt (sesr Mitchell e yCank Kdnt Jeinkms(My( @uséehﬁmbitm@tlonal Journal
of \gn o Qﬁ& %’tr?’t onoféésgﬁ}%ﬂ ??S{ias' g@; n el asg}ngﬁ'ij% ggyo%Rh?a?ﬁlﬁ E (see

eroscl eros s, oun resen
Tovanwe itmels CH@tBha’ntbarg’ hBK Regersmt J. él%,LStdﬂhltD >chtla|SI ahitdtion And

KRG T T T T
competiGei Aeth @thdr FatGRIULEE 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. |
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 to 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
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 omnivores.  The remarkable results from natto in

prevention/treatment of osteoporosis, reduction of fracture risk, improved bone geometry
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formati on of special proteins including Osteocal cin,
MEP (Matrix Ga Protein), Protein C and Protein S. The

WO 2000@4648000 (coagul ation) rol es can be perf or nRCI/BY24p/000693
K2 or K3, but Osteocal cin (bone) and M3P (cartil age,
arteries etc.) are only activated by K and K2.K and
K2 also inhibit osteoclast activity, and activate an
SXR gene for formation of bone collagen. Al so recent

andedartiess arengdoRsd Yatadidin@NY iagll shefel.i @0db) Neké Batillus contains a
Vitamn K in glucose honeostatis, i nsulin sensitivi

larggpmeuné phyyateev alyble digmin s sierganinonazgbt. froad Bioche %;%567 -277)

is h](egr due>d HEPRatte, war W66l Fofm d‘f@l‘idﬂ?ﬁ\nld QAR it, 0fl“r1als by the
A’ncal Nutrition 2008, 88: 210 yl'l oqui none (Kl

present iinvengeral sheay tthaff sfrabéqacd awviten sohlbtleheKb handr &3 avgmosafxon in
acoffaSER RS prelif EOAHEN'ANEN 00l Elicd thel FRVSRrh levels in an

y corr concentra
anlmhllasrtb@mphdamdﬁmOﬁKdtmsunt hetic parts of plants

Rt (RATE P oNP LA BREY MOy el eV GBI 1 Betvete

the @b&gmmt 8IS, 6RRSQRVAGEalchEof MGP.Oflt BRMRE afahfd by FDA for
directly rel ated to the intensity of UVB. Pure Kl in

inclygjpptip dipman fﬂé’i‘?étaﬁfie?}‘PPW“?OtSmaH@lﬂ%émpﬁP‘HFrr g petfoods, due to its
toxﬂ{?l 'Igﬁt cyt&bxfcnaxﬂ)ﬁéér%s?vef oafGddmt, aeﬂfte?go'ﬂ?z%s Q’lt!ﬁﬁitf E! hfinhibits

ours in direct sunlight. The nat
calqmro amsaheabﬁts piseywilk prabably teer tgstrigted- tgmaﬂwemnnals (e.g. broilers
andg} d wth fat is 15-16% of the apparent
once tration in the leaf. Aside fromthe degradation
of TH¢l praliferatibheof WIébkleﬂ'mihmybiiwohmaxhaumﬁlm t(and pnbbably the

cO ]‘éentratlon of otherf(ﬁ1 glentrletgﬁiﬁg has f
CONEQIREIT 1PASHF 4B OSTRRBPHUE AOH AREEPSHE ] L¥er196 '3 s‘/ears as lour
obvtvug ReidetrilogichlecxpRinerstist @lf)iobBoledcetitd @Mdindkrownepefables and a

ometes with the absorption and nmet abol i sm of vitanmn
genggal (deeask1p (RBFUMRLOR, olcHsRn regetablge i heslagh 40 years ke example

fror§3bﬂé/ﬁﬁﬂﬁ§ 24811541 y]iﬁ lHrﬁ@h cﬁfldr\Jh t—%@b Pryand d\h‘t"l"HaBé @nW Prentice A,

Resear ¢ as well as high |evels of

Wadgwaath M.EJ (E@dlﬂhﬁaﬁr Atntmne?&%ca( 178); UG exppsyrepot leafy greens to

sup%é{ 9{)& q{ho‘;es%rggﬁélg? &g) p ang)tntgﬂer e#xg% Ealt/ﬁvév?-ﬁh@ﬁgerol diets; and (4)

predmmhamtqf mtettsﬁvdfvatmmharp}bzamre)rxiannylmaragdnem%et ition
h ot her fat ubl e vitam t.he actual
APl Be e ReterR PR RafS st apeient VK from
hincthlp atieford is depbhdens oh h@ﬁrobhkfgyv | VENismof ab&sibéd &68Nthe hindgut.
. for ani ls and, human been grossly él clerestl mat ed
Singea fﬁttspﬂlg g Wtz\ﬂupaq?g& & qscfpyé ﬁle’syrptlon and bile salts are only in the

foregut, this should be obvious. Laboratory animals fed VK-free diets have normal

prothrombin times, but when coprophagy is rigorously prevented, develop severe
haemorrhagic disease within 2 weeks. Management practices which minimize or
eliminate coprophagy (such as parasite control in horses) make the hindgut source of VK
negligible.

Tests by the present inventors show that VK is not abundantly bioavailable in most
modern 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
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Menaqui none (K2) is produced by mammal s by conversion
of KI. In human diets it is found in fernented food

W@ 24?0 natt o) and animal fats (mainly in daP€TlyAU2009/000693
products such as mlk fat), but only in significant
amounts in the fat produced &y ani mal s grazing fresh
green pasture. The capacity for herbivores to pick up
K2 is small. For exanple, the mlk fat of grain/hay

unchi®dxglawd osrRBtatiASs W th Rorbdsagith GiBuAfsighbof KendmirdeRddehdity and

re fed cows, which is seasonal,
Wh‘ﬁ@é‘?fgﬂ?sﬁgta{“éf?!(ﬁfé" i§i¥88hness of the pasture. K2 is al so

Prigsiye %huh-)ém@htcéplﬁ%%a(llﬁﬁlengkp&lpleéfs fr Bk lcxn@%blé @C&ﬁ&) species,
for their own respiration. Many of these are nornal

i.e. wrovndul 5-29 qradks dmd/danenSane ispediesl regnire hyghenrisyels. erkhis can be
proiflhg(gb q K %ﬁll&%ft ?‘ké@cﬁﬁf ﬁeg F{%gﬁ Plas\ﬁ?lree@%l%ﬂqs rarely possible in

ormvres rens ere rrom ha
Augtmby end iotet cowdtieenA dift oSpasoperiayiand coacknttatesrfaldd short unless

el T RS SRR S B s

invddgioh) | UFheC afahgti Aen- aodgafﬂ?@n?fﬂh'dﬂénsgbgv‘lm ﬁllhaﬁ g%mgigg 27s7c)16ntiﬁc
vitam np K (Menoqujnone i ochem
explagainddr yledt?élttqslallh 30%9%4 Bene\%?fg e 3t pafweT-or m of

ViER Rbfsetdie yr%mtﬁ‘miri K sh bl@hr%m'%ioﬁ QI% Kg r\ﬁﬁgéﬂréﬂuw&%r%ﬁtraining

show t hat s i zed vva er sol ub
programp gl rpst infimpeensd hone @emltyharldm rpduss@ estepehpadral dafects and

in t\ﬂ'ﬁo §vedEletd] %&Bllﬁp Xﬁ'@ h%%ﬁ%ﬁé o §t£51 %%ﬁﬁ‘llng%r longer

e sane anount
w1t}m)antl‘r¢em|en'unmnnsoh€ﬁ boh¢ uhuﬂms:apaauseal VK act fvity. It
i on teins

cHAR R B AR IR Biom BV spetpag of mercasing
boné izhsigy), Afaihfaidingdoné dedsityamst/su ﬂthhlﬁﬁ”ﬁ@ﬂ&ss @lnﬂoﬂes dens1ty and/or
un ul a Pgﬁfoods due to its. toxi IS
redEyieo by C@On%ﬁ G718 483D ANYPE. CHMRIAHAE 2 tné%g%smgz@san animal an

effe@!ﬂl&eadﬁléhnEof @B&nt»&hﬂl&i éo?xtéiﬁ‘xh%l um upt ake. Its use Wi ]
pro ablélbe restricted to s

) ort-lived animals g
brvéfemét K 1aviganpia fepisy mixthee qfivitiaminKa tand ryitami together with a
phyggfo aﬁ? Qgcebﬁbﬂmrn&c‘iﬂléﬂt%dkﬁﬁﬂu&"t obably the ‘
ant "I ncrease ost eopor osi s and
aﬂﬂnermeschtem@gltm)u alnoeprot/ides h mhcﬁtbfyeemssui@plaﬁmalievel of vitamin

R S0 BB S POREE RS stion
inclading utraxmmm plitgnme? ve gahiihre D fivitanire Kll asid Amig &% together
it SRR AL STAT AR e AL, o LT

The composition may further contain one or more adjunct vitamins or minerals.
Suitable 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 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
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:
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Wadsworth M E.J. Public heath Nutrition 2005 8: 171);

(2) exposure of leafy greens to supermarket
WO pwonegeent |ight; (3) pronotion of PCT/AU2009/000693

| ow-fat/|l owchol esterol diets; and (4) predon nance of

i ntensive (rather than past@e) dairy managenent. The

perpetuation of the m sconception that herbivores

receive sufficient VK fromhindgut mcroflora is

d %ﬂﬂﬂﬁ&hng £ %&ngyontéﬂﬁngsvlfhﬂ{m 308 ofifafn fKD BY tahlﬁlxture of

hi_nd S nce fat-soluble vitamin needs bjle salts.
vitafrgp b%rtsir Ytamn, K%ﬁ%geélilqrémgm physielagisally agagpiahle carrier, excipient
andfo?r(ﬁﬁlléﬁt abd 'vﬁths&o%tﬂo@tearp Qﬁgﬁ&swtérﬁgo&aﬁlﬂ{e}‘alam E@a'cﬁ about the

VK-free diets have nor mbin tiies,

mamm wmveblhéwl oécarbcg@iaﬁedsd)gteq@ammttbd amd@i/bmg) treated

Y 08 RS AR ielbd SRS bbb Nofist BElS RO R Bl tated

rac rces d e cop Oph Ch

osthalpmr el enctbatbamle oﬁ tlhmraaesa)l pradee td hdnimmtégug theuwltamm K

of VK neqli t he sent ventors sho :
coniiosioyRaf ST IR EryPer B i PRSP At saEevel s
beldl €k maRirhltarachiRvably Meve of Aok yTHetS 0QEoJARIS &6 the animal being

Nutrition text figures which have passed down the
treafedsunpt i on that VK i s abundant in |eafy

gr'lqi%na?ﬁﬁlgf SResd Q%ﬁnﬁﬁpﬁ&\fmé Q H YRR of gfe BFT‘C% av1an felme

bef ore accurate anal yti cal ods wer e devel oped,

rodeng enpther eértebeaer qu@@mh@dtrmt Ithet animalds pdorse.

bi-@avai ur L Lgr ar n

DR Eh AR Ry 1ol SplbBa0” BRI ARG farentcraty,
intrateusenkitlyab g thj¢dnah, trdmsmivessally atansdamatiyyinatedally, by inhalation or

al s lowin hors th vi sual s_of . bone
inrRAGRSY: BeegPife SRR FRPE 0L DRPa G Reomposinan
def1k6 pRNEded aloEsHepIsRIDH doRtiBilhg Gitarking@vai | abl e VK
agfears to be conparable to other species, i.e. around

ORMPRIUQN ARFPINING L0 088 FRDOHIBRINE COTRIAFST e hi gher
| &¥@hdn KThiifanbia K D6 PnPindet vitymeh ”i §hd {4l Rr2;0hghi gh
qual it deep green pasture, which is rarely possible
i a Wiabsab¢ra and ot her countries. A diet of pasture,
h phfically
o cohs R G By 3hfercBlrpBa e U Nl AR BPBRIERGEE,
byTheheorpp@sitent mapviertherocompiiee araagjuncinvicoag wWuah iasrVitamin D2
d; {i onﬁ of KI may provide a scientific expl anati on
andopy 'iaH‘é Padi tional |y honoured benefit of "rest at
paHeUdotnposftioh fMay Sf&ﬁhﬁ‘l wn@fmeva daoem. KAssablen@nicat 2y be a

,alon?vvlth careful de of tra&nln
mixture of monosaccharide and/or 1sacchar1de and starc

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

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.

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.



progranms will result in inproved bone density and/or
reduced osteochondral defects and in rum i nproved

WQRWPA4bP0 durabi lity. Young horses will able tBCEAH00PH00693
training for longer without the interruptions that
bone injuries can cause. Hal@ng regard to the above,
the present invention provides a nethod of increasing
bone density, maintaining bone density and/or .
I NRidoirposigoh @ssordinglronmothen embydiamat @4 arseablic pogder composition
ost eochondral defects in an animal conprising

COMPIHN% stering to an animal an effective anount of a
CanRfEh Kil OvitaRinted si HshixtiieldTVitAmid K 1hd #thminkid2;0inda
mxture of vitamn K and vitanmin K2, together with a-
pibeta-eArelgn&al | y acceptabl e carrier, excipient and/ or

s di Jusithisifdve Ry '@ﬁénh:lé]%(/g%ﬁ{;i on al so provides a nethod

of increasing plasna [evel 'of vitamn K in an ani nal
b epcapsulatedtintachitareh bhdoby zabiliet arglderpr i si ng
adm nisteari a.conmposition including vitamn KI,
vi(ﬁilgprﬁdnm aggueélt'm xture of vitamn KI and vitamn K2,
t odretdil@entwhishbea mixtatecd fageroahdcharadecandl aliacdaride,emd starch.

e e o TRt et oA TEnSTal AP AHE minetal active
10 maybe $iRE MdasHibeRst. vitanmins include Vitamin D2, Vitamn
D3 and suitable mnerals include silica, boron,

ety FEEPOFHIOR areording 4a anethey subpdigicnt is p stablgepowder composition

con@p@ﬁgi ment the plasma | evel is achieved by
upplFenmenting the diet of the animal with vitamn K

| rvitemén Kiboithimme 2 ont hvmixphrgofwithmineK$ and vdamimdK Zannot

b%e%g{yr&gg by usual intake of food and drink of the

animal” SUCh as by eating | eafy greens and veget abl es
15 I r'viesgpad?2 eDDbr 4 hextarenfiitanan Dad. DIhe present

i nventiop al roovi des a met hod of increasing bone
d@ﬁgm%%lgmnﬁ@aﬁn?#@%%%naensi ty and/or inhibiting
| @asapefilatdifodanath indpd folithidedrng ost eochondr al

defects in_an animal conprising:admnistering a
c SilytsdibyiadiiweBit ai ning vitanin K, vitamin K2 or a

Miphle %lﬁerﬁfmé@{ l}@mnﬁkﬂﬂe ARbnbkd R e/ dr ARG LR E sfarch.

physi ol ogically acceptable carrier, excipient and/or _
20 diThg@awdanebmpasiionrmay futber comprisdjaunigeral petivei A hemineral active

maﬂé‘s@ﬁ&l}andy Q Lo ch about the maxi mum achi evabl e | evel
of car oxyq ated osteocal cin in the animal being

t rAe@bmgosition according to another embodiment is a stable powder composition
comprising:

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 to water.
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In one enbodi nent the nethod may further conprise

determ ning the carboxyl ated osteocalcin |level in the
Whoiwe/16f49@ he animal prior to adm ni stering theP@I/AERGOH000693

K conposition and adm ni stering the conposition if the

car boxyl ated osteocalcin | evel is bel ow the maxi mum

achi evabl e | evel of carboxyl ated osteocalcin in the

ani mal being treated. The aninal can be a hunan,

boylss 9rov€&Béll 84, ho@s%rﬁupglcm@ﬁﬂ HehorfOfebd Bﬁnpﬁédhg\ﬁ,coﬁipbsxﬂem of the
rodent or other vertebrate. In one enbodi ment the

InVegl¥iofml is a horse. The conposition can be admi nistered

Ordhdn¥in K ORAGAN K2 dP 8bAPInafisH Bﬁ/wtdnﬂh rl@in%%cl@ alyYoe pPdsent in an

injection, transnucosally, transdernal rfy
amgunt oéﬂfargaq 0w t%oyp toriaPwit’s ofithercomposition gu@aynplmeto 95wt%, up

o SR G fi%id TokBe LPLTBlA, 5b Al BB3 sowes, up 1o

30wttd, ampi 10 20wtbo cmnoSSWt%nupm@dDmt%g upaooﬁva%ardmd: Swtt%, up to
or a mxture of

Oqu}m%tﬁ%r%m}gﬁd’p\}?ﬂaﬁwﬁ%@upé?iglg%(ﬂ\/ absorber. The

C OMHROSIntpRtioiBiviay WhdINES a TOVITAbb&TBerdN TREWNB iabsorBér MAg/HRra zinc
t hi ckener. The conposition_may further conprise

an
oxidgy JIXFI‘?E?HGVI yieia of %Wra@nv Efa?nCﬁmmsﬂa?mﬂw algor igriude wifamin D2
and/bP €D§°FEP8§J; Efnﬁaadlm\ﬁt ﬁh‘:r UVeshs6EP S ﬁr%séi‘at Ghh b eamountAof 1/10th the

Sul t | uent may be a m xture of npbnosaccharid
conegngration df si@inaKi dad/onmdasingdf2h Imhee ewhpdigient butarmaym and/or

D3 RgPEeROMREfoufy B DEREL s IHON oA K amin K2
Jro Mt P on " Aceor 'ng 1o one enbodiment 1s a
st’I&ieI [éVaibdor\hatt mtd gitdmniln| Iez andrpositiminrDe mayrbespnegent in respective

f
ool f ROV bl B et 1 0 B 1 S VPGS, up to
1. sdnl% GIpaD 1MEvteE) &iptto 0.5%YE @Fwelztswm 36 0. wvt%edip ©ATPSWEE, up to

O.IWt%IOIl'IlJJpetrg)tO OiA\ sui tabl e diluent may be a

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
to 95wt%, up to 90wt%, up to 80wt%, up to 70wt%, up to 60wt%, up to 50wt%, up to
40wt%, up to 30wt%, 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 0.1wt%.

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%,
1.5wt%, 1.0wt%, 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, aerosol or wafer. The composition may be
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 to 8:2, 3:7 to 7:3, 4:6 to 6:4 or 5:5.
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m xture of nonosaccharide and/or disaccharide, and

starch. The conposition may al so conprise a m neral
w@eavies4such as silica and/ or boron. In one enbCHANENN9/000693

the composition is in the formof a liquid or a '

paste. A conposition accordi ng to another enbodi ment is

a stabl e powder conposition conprising: vitamn Kl,

vitamin K2 or a mxture of vitamn KI and vitam n K2;

angd BRé FrkBYdAneNe; thalk KMPrsviliéEra atbOrandhiwake@nidlgble powder
agent; encapsul ated into a starch and/or a zeolite
compegitign cAMPUFIBE wi th a diluent. The diluent may be a

M Xt KA vIIRRS: shmi,&sreadwngﬁmﬁkg%ﬁ& bakhfekoand
starch. The powder conposition may further conprise a
mi beta-edrotane éncapsulated irito e starchaandior @ aseljtebe sil i ca .
and/ or _boron. A cQ sSitiqQn.accordi 1.0 anot her .
o fls3arP ) pe ang BERREHIoARASE RLEH ROubSs, BAR. Bifma or modified
cyclo@dtbﬁﬁhn allgzy,loﬁiolraﬁiyﬂbﬂétatimr Tbevst':mch _um@/DlgB‘ sdu'rctsg rfroin gbtatuesl, wheat,
vitamn , e -car ot ene, | m ofL. or,a
conpiag; Tt o7 OtheT RAT, GetamAL archy, dhe| zsolifemay, bf gy hydrated

alurhitoSikieatt MinadP Rich ANmaRY, ShRfzinB! Revdandita) fdtrofifs] pRilligsite and
zeolite and/or diluted by a diluent., The diluent may

stiltjie. a Ry xenerpsubitingo iss sewRasition iak/ee sarehcidri gezeolite, the
confh 50 o0E AIEE CATURLLAIOT bk i nis o
go black cwitlamd/ loss lodrastivitA clnpos iembodinaent dhelienig bioding within the
BBt TR, B PoDlr B RS Min e pores
of the zedtiten Kl and vitam n K2;

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

Suitable thickeners include polyethylene glycol 4000 or any of the gums such as
xanthan gum and guar gum. Thickeners 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 60wt%, up S0wt%,
up to 40wt%, up to 30wt%, up to 20wt%, up to 15wt%, up to 10wt%, up to 5Swt%, up to
1.5wt%, 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 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 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 methyl paraben. Preservatives may be included in

amounts up to 2wt%, for example up to 1wt% or up to 0.5wt%.
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bet a-carotene; Vitamn D2 or D3 or a m xture of
Vitam n D2 and D3; an enulsifier and/or thickening
W aWat46480 m neral active; encapsul ated i nto a BEHAURN09/000693
and/ or a zeolite and/or diluted by a diluent being a
m xture of nonosacchari de aml/ or di saccharide, and
starch. The mneral active may be silica and/or boron.
In one enbodi nent, the vitamn K fromthe powder
C CTpI@Blet ioDitilidets SRiudel @hahvenpRggiec tg@chﬁt;Rﬂye%ﬁSne glycol 400,
provided is a_horse suppl enment or horse fe

glyq%cﬁpw 1§9R7gPY a&f&hﬁbsfrqlwa SC5§ rrnawéeulrm}w.l@ﬁn amwawilmtoya9 Swt%,
for exéfﬁﬁl@s'ﬁgntol%vﬁ%, grf@'gﬁﬁtt%o Rpab 8‘0'v¢t%muB il 70, lﬁé tU%Owt%, up

pre i an anmount of from 0 W% up to
50wide, tupetoctiwibisiup on30wiGs, mm@@@"/@pun to 95wt%, up o EIOM%, UP to

swily bdf 18 v YD Al @ oW, on 8 o Bigiego D e

1M%lylﬂﬁe cmnmwtdms wry $tabl5whdhasimprovel. wmv%labjbtyt 0

0/ 0. 15wmt %
iBhespngiSies oy ot mERatrcentiooRAS Rt Pten g ugy S mono and

dlsa@&ﬁ@ﬂb@@nmﬂpﬁ a zinc OXI de, lycopene, lutein or
bet a- carot ene. The conposition mar%]oal so includ

vilp gne gmbpdignenh dpiost lesst eyery dpe dribban stdrast evay uvng of K2 or for
any RGO 1 lafd Q{f%@ﬁ }Jrébeﬁp t}éf@ iénénrogfde&/ O;ptlglm RIZ b@mg Vitamin D3

concentration tam n or vit one
(S0 beigme rvate ftozlphlm pmd@rr@ﬂmt lgzst Tmghetasearoteng 19% water soluble
po unt of 3 times the concentration of vitam n Kl
and/ or vitamn K2. The UV absorber and vitam n D2
afthe@omposidion mam)er]mykdged przes}erhtgeiaslalpasipect [ ve am)unt S

Sl'h{eg %e%\élw\ﬂfﬁyl 18{9“{6 g%'%f b}tg %&g o? (S:x tly BE)VIP% regoard to the
foll&vﬁgﬁe%lmp']@sto 0. 25wt% up to 0.2wm % up to 0. 15wt % up
Iwt%or up to 0.01_w% The composition nay
i ncl ude a suitabl e exci Bre¥PBE 1di | uent which nay be a
MpHeUWsresel iMRARRACERRIctcdesh andi Qs off\BRRENA ipf&&ntOin Bay. The

_ mxture of nonosaccharides and/ or
vitamin K1 content of forage samples was determined from lush green improved pasture

in March. The results are shown in the following table.
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15mgd(g of eitarhineK¢ anpasiry naatter badid/wdica fteshiynebt thue ltlas iamauat drops
the conposition tends to go

|l ouration. In oil

mgnﬁ'(lr

y\%lv‘?r ™% | oss of activity.

I n one enbodi nent

t |’I¢1[s‘3wh§cd?iﬂﬁﬁhleﬂ ®yWvb fifthdriésts on fresh phalaris and various other grasses

as shown in the attached table:

Decay of VK1 (mg/kg) in fresh phalaris | Decay of VK1 (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 (PUVI)
Time |[11.00 | 14.00 [16.00 |18.00 | Grass PUVI | K1 K1 %
Ohrs 7hrs decay
UVI 3 5 2.5 0.5 Prairie |2 2.1 1.5 29
VK 3.5 2.7 2.2 1.9 Phalaris | § 3.5 1.9 46
Couch |6 3.1 1.4 60
Rhodes | 7 3.6 1.4 62

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




20

25

l'i pophilic portion of the starch. In another

enbodi nent there is binding wwthin the pores of the
wWQewbi¥@9 A dil uent may be present. Suitably th@UAUﬂmwmmaB

diluent is a sugar. The sugar can be any sugar

nmonosacchari de or disaccharisle. The conposition can

i ncl ude organic or inorganic carriers, excipients

and/or diluents. Additives nay include

proadey Sirplu® v RAdhiin Kaqt anthérefdrd ClKEAf f.is RERSSIY & suplement a hay
solubilisers, fumed silica or vitam n D3

diet( wih| administraemn(of  vitaRiat Knir ordsy tot ofiping thiet hepe requirement of
bloa@gﬁéﬂléw as desired. Vitamn D3 is desirable for bone

m neral netabolismas is silica and boron. Suitable

t hi ckeners include pol yEXAMEBRE 2gl ycol 4000 or any of

gum a .gu k
el R chedS, (EC RN PO AR=E RO BYED ' BCEISEcan be
conHk&tddQv%MdﬁpedJmctdEn%uf Both dprsabmBtichi¥al dipedse iy Quirdg) ravghorses
t0.60wW % % 040 % up to 30m% up to
andzmq%admgr@;@ua %L “up to 5wt % up to

1 l@dﬁo@‘a R B@né)Aﬁifﬁl%unH Eqﬁ@al@né’é"(ﬂ%ABﬁwh@m@aslM 8 DRieral view
1wt% Suitabl e enul sifiers include those

of ﬂrﬁawtrﬁgd metasamel of sixtyenioe thoseuehbirdhyeadings) \[be reswlts ateethown in
the&?lﬁw @ble. (PEG 35) or TWEEN 80 (pol ysorbate 80).

Enul S|%|ers may be included in anbunts up to 99. 9w %

for exanple up to 95wt % up to 90wt % up to 80wt % up

0
Clmmkﬁ ﬂup/ ont'D 3,9\\“6 jﬁton%lvi‘gerslgﬁ\% ‘ityu.p ' ﬁ&vn"aﬁl? up to

TOV 7 UpP—t O

No ﬁ%%lesiansto 1. 5wt %23 6|&1t23(2@ 95Mi26/8) Up tjd. 2wt % up to

0. I5Wm % or up, to W% Sultabl e preservatives
Om&nqrﬁalsmlemonﬁa 3%3#1 bt rZ4tves iy he included

t f
TERTRARES Bt Db, baRAKARLE Wt fe) U HAREd Bk Oviua
radipgraplyit éesewngl ycol , pol yet hyl ene gl ycol 400, glycerol,

Ol l..alc bi |
o R BB 0p A (OEST PR S BRI oo
nonicoll®gent Ywoteip ino bahemt sHuctipe.t 0 Oéfdotykes op Home Gfbsbiition p(occumng
u 40Wm.% up to 30wt % up to 20 % .to
contirg.WI%a]qj%skds bfawi%)osgg)nt in V\f%a?nﬁgt? trgleaseg (02 qg:glst ebmarker of
bon® a&Wifg radier itRarlo f2¥dn¥ fottRation. (Cakbaxylativh ffOC @s Essdialao normal
osteogenesis, its percentage or ratio used as an indicator of bone integrity and vitamin K
status in humans.
The determination of carboxylation of OC in horses was conducted. Carboxylated
and under-carboxylated osteocalcin (OC) was measured in fourteen yearlings (Takara

EIA Kits MK 122 & MK121). The results 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
Quidel Corporation) which measures total osteocalcin. The uncarboxylated ostedcalcin
was measured by precipitating the osteocalcin with barium sulphate (Grundberg C.M
Nieman S.D Abrams S Rosen H. Journal of Clinical Endocrinology and Metabolism

1998, 83, 3258).
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Suitably the conposition is UV stable and has inproved

bi oavail ability. O her additives may include buffers,
W@piovoxidant s or sweeteners such as nono and PCT/AU2009/000693

di saccharides, and starch. In one enbodi nent, for at

| east every 7ng of Kl or atlbeast every 7ng of K2 or

for any ratio of KI and K2 when present there is

provi ded optionally 20ng Vitami n D3 (500, 000i u/ gm

Welt @fin 50lsedtl RomRaNE edbletidt athigiepatentigs &elhﬂief:aaxabgn@ted OC (or
10% wat er tQI ubl e powder. The cqnposition may

lowgh pRISEIAZS R %réwlaﬁgcbogé rgsubfg dp éesw anghig ﬁl@qreﬂszrw fndicator of
Vltzﬂﬁl\ﬂ I@%eﬂﬁ%ﬁéy b@ﬂLQXor‘é@%eR{ taﬁé’rﬁﬁmnesté}ﬁllaﬁ eﬁ%\’l‘ll{ggraﬁﬁ)%?d'pﬂs of the

foll owi ng exanpl es. pr esent
sameriuxgmorfbgb diMdDchadda signidicamtydifest odrrelpticmivith Kowere¥ Rt (P<0.05),
content of forage sanples was
anddp%‘heyta%%gﬁfs}géﬁrﬁ ug‘r?}fgreen i mproved pasture in March.
ThEaer mlnd)dykataf ©Cslbwais of thetfhertéenl )Ireani/ingg wead then|deteciaineld having

e P S G AR, PRLISES, OB e

locd? @ﬁd@hv\/@%dﬁécﬂtﬁh |sﬂn1€g1§ndowéekt dfics 8@1lﬂiﬁﬂfzhin ghidogsbled over four weeks.
icant]y over tine. This was confirnmed hy

In aﬂégxonéaarhoa ddavely ekthe 6%6&9.3/@%&#&8 VTS @ﬁﬁ@"ﬁ?‘ﬁ’ewlth the horses
conBi ISR RhMS AiFRANY p'a@d&cﬁ? ot theGhRE fhAR! etheTRRukEaM Dwn in the

show t hat over tine erelsa3|gn|f|cant reducti on
follpwingjtablps:n Kl i n hav and t herefore adninistration of

Env?#o}qug%l SRGRioN0L PoP¥L iR« Gart!dlbYs Vi tPRL ALK amoun

onor aAaccolind

ol T o5 Culitiaarn y A AR RAENR Y A=) R A=) B e y) ASOoSUNpUT UIT 1711 armiTmx

Latewirterd (laval grobphtyal i76852.3 (B — b2y pr ovi desisur pl us

vitamn K kt Is therefore clear that |t IS necessary
Spring sOffpl Svrelt ARy 08R- @8 OR) adni ni sty ition of

80rﬁhtrﬁﬂ1 n Kin ordef to obtain the horsejrequirenment of

oavai tabte VK—EXAVPLE 2 TS exarrpl g shows that

Stabif:@ tyorveeels ner al | §&RK4-8 (3 BRH) in horsks can be

correlated with reduced i nci dence of both dorsal

Al cane charcoc
Paddock Ampart % Caporyled 0G| Number
North-East 88+5.4 (82 — 92) 3
South-West 73+11.6 (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
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 contrast to stall confinement.
Confinement also means a diet of hay and concentrates, deficient in vitamin K. In
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

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




and vi sible radi ographic lesions (VRL) in yearlings.
Radi ogr aphi ¢ Bone Al um ni um Equi val ence (RBAE) was
wore@sn4@oh on | ateral view of the left 3rd net apEr/pER009H00693
si xty-ni ne thoroughbred yearlings. The results are
shown in the follow ng tabl e7 The results show t hat
bone m neral density can be correlated with visual
radi ographi c | esions. The VK dependent protein
vitaffih 0 €SthpbditidifsGh, acBéraaeodith YnprleS lidvdhion.] ekl vitamin K in
maj or non-col | agen protein in bone structure.
the yparkingswasdthest defempinedisor pt i on (occurring continually

TB@;&?HQ@Q de bone depgst tiom dgrﬂm[jevel oprrenm‘g%g} eases OC.

o TS a 11al KTl Ul pulice—acttrvriy, I AU T oiTalT Ul DUTTCT

Blafilopastd + pasturt€ar boxyl1310:6/0 of OC i s essepsdial to nornal

osteogenesi.s, its rcentage or ratio pused as an
7m$ﬁ\§ﬁt@g‘f‘o dr’ oné ?‘ﬁ?ggrl ty and vitami p’K status in
pastaggrans. The determination of carboxylation of OCin

Nor SES_Was conducied. Car boxyl at ed and
TmgndtaminaKoenlyblat &g 465¢-8ocal cin (OC) wasSneasured in
MEL eehisie! Wigs (Takara EIA Kits MKL22 & WK 21).
paS{F e T8sUl'ts aré as shown in the follow ng table: The
the presgé snwestien al so fest ed usi ng anot her _psteocalcin kit

t t l.cin b i del. tion) .whi
b PelHogErIL Wi ber i EinRd OB st woy do ff soluble VK and
compatedogith thobe ¥ plabEbasdflce 60 Byyspriairpiul@tatd (s follews:

osteocalcin.wth b%lrl um sul phate (G undberg C M N enman
TB s peabipgshs Anpdaxn /m+Catbenylaten OC Q i ni cHpmber
Vitdand e Ldipmkogy and| Met abol i sm 1998, 83,| 3258).1t can be

seen fromthe tabfe that—a hi ghpercentage of

 Testgrdup preasupplepieat ed 66E12.6(58 o8& per cent 2ge of

carboxyl ated OC) | j sions and,is therefore
Placaeﬁoi ndiZAtPor of")eiﬂ ?Zﬂdnﬂéﬂ_e? ci ency. \/??L scores were -

supplaient from st andafd yearling radi ographs of the sane

horses. H gh B ha significant dirject correlation
Testyigropn AfisF %LW&:@S@? ,(ézgﬁgzhi gh Vitaptn K status
Tmd/&$) 01) . The carboxyl ated OC | evel s of| the fourteen

yeartings wWere tnen determ ned nNavi Ng jpeen subj ected
Plagebo grvpeafigr 6@ daysnt 68h%P (ehnéht s, nanelly3 a paddock in

5 | H gan\/\f)é]geee% tﬂ&dadimgl%{ration 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
15gm Vitamin K1 and/or K2
11.8 Kg  Propylene glycol
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| ocal drought, a paddock in spring one week after 80mm
rain and stabl ed over four weeks. In addition

W@ 200box04b@t ed | evel s of the fourteen yearl i ngsSPGEAB2009/000693

determned with the horses 10 contained within

di fferent paddocks on the sa®e farm The results are

shown in the followin tables: Carboxylated OC | evel s

and therefore Vitamn K status were significantly
7.0Kgt t erpdif¥th{ddne gljcdlreoPaddock with the nost sunshine
5 (the north-east aspect) and when the sgri ng IS grass

85085 \/\E‘quyeélﬂ%)ﬂ?t‘(qjésﬁ’l)ogl (PEG3 8)omEWEEDSY r om t he above

15ghhat \detAdrftede WK1094 abundantly available in nost
nmodern diets for horses. Pasture access has been shown

105gm be Vhitameinil3 GI001080wge) Wével opment in grow ng
rse i studies as a contrast to stall
100 onfi ﬁgﬁgﬂt@%&ﬂfi nenent al so neans a diet of hay and
concentrates, deficient in vitamn K . In 0 addition

to free exercise, pastu may i n many cases
provi de a needed sour ce%wg)ﬁgr&ﬁ n K. EXAMPLE 3
PASDEICOMPOSITIONIghbr ed yearlings were provided with a

suppl enent, to normal pasture grazing. Four yearlings
35eere Simiadehtdderdi2 h a bl ank paste as pl acebo. Five

9.4Rg Wer qar§]55qg{@g]?w1ed wth vitamn Kin oil and five
wer e suppl enented with sol ublevitam n K conpositions
9.4K® acaotahlmwateni th the present invention. Serum
I tam ' ' m ned:
105 rboxﬁ&ll)ta%{ll&dgﬁ){}alta%ve glr\?g?lz}z?ﬁgn rzlgpleaggﬁed on t hose
35gpr ovi Bxth varbtens WP VK and conpared with those on

| ace af.t s, T results are as follows: It
80y, bg’gaérélﬂﬁ%ggoggpﬁu{ﬁn%)th&gti on of vitam n K i nproved

100@int aminfetiylgardben | evel s. Suppl enmentation with a
wat er - sol ubl e and stabilised VK significantly (P<0.01)

660gRang f#HMevel s in the horses, and significantly
(P<0.01) raised carboxylation in horses after 60 days.
Suppl enentati on with bio-avail able VK has the :
potential to provide a EXMPEEfecti ve and econoni cal

A A oasur emont s show that VK 15 not o
35gambundaftanyin Fladndaiylke2 i n nost nodern

9.4Kg Propylene glycol

9.4Kg potable water

105gm Polyethoxylated castor oil (PEG35) or TWEEN 80

35gm Beta carotene WS10%

100gm methyl paraben

660gm Xanthan Gum.

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

15Kg Ethanol 100%
15gm beta carotene WS10%
105gm Vitamin D3 (500,000iu/gm) WS
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horse diets. The foll ow ng exanpl es show conpositions

suitable to make a stable therapeutic dose. WATER
WEOOUBEEI( W5) COVPOSI TI ONS EXAMPLE 4 PASTE COMRCOBATRUON000693

15gm Vitam n K1 and/or K2 11.8 Kg Propyl ene

gl ycol 7. OKg Pol yet hyl ene gl ygol 4000 850gm

Pol yet hoxyl ated castor oil (PEG3 5) or TWEEN 80 15gm .

bet a carotene W510% 105gm Vitam n D3 (500, 000i u/ gm W5
100500 M methyparsRnaben. EXAMPLE 5 PASTE COMPGSI TI ON 35gm

Vitam n Kl and/or K2 9.4Kg Propyl ene glycol 9.4Kg

pot abl e water 105gm Pol yet hoxyl ated castor oil (PEG3

5) or TWEEN 80 35gm Bet gyeapygne W510% 80gm Vit ami n

TN b o B a5

K 5@% QUftakitn R145Qdr 0P Y5484 ¥&Qng 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 K1 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
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. 5Kg
emulsifiers and/or thickening agents (suitably E numbers E400-E500) is added and 5Kg
of Beta carotene (10% WS) is added. To the composition is 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
21Kg Polyethoxylated castor oil (PEG35emulsifiers )
5Kg of Beta carotene (10%)
464Kg Icing sugar 5% cornstarch

EXAMPLE 10
23Kg of the above preblend (Example 9) was mixed with 745gm of vitamin D3
(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
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



9. 4Kg pot abl e wat er 105gm Pol yet hoxyl at ed castor oil
(PEG35) or TWEEN 80 35gm Beta carotene W510% 100gm
WOr2aopAtee4par aben 660gm Xant han Gum EXAMPLE 7 LRPCIJADR2009/000693
COWPOSI TI ON 15gm vitam n Kl and/ or K2 5Kg
Pol yet hoxyl ated castor oil 2®PEG35) or TWEEN 80 15Kg
Et hanol 100% 15gm beta carotene W510% 105gm Vi tam n D3
(500, 000i u/ gm Ws10Ogm net hyl paraben. EXAMPLE 8
percehfigt EchBR MDESSo£detVP ClteT hichh Gelehig&hingeAl shisgnoin the following
vitam n Kl and/or K2 was added to 10Kg beta
ablEycI odextrin and et hanol when required and heated to
400C in a mxer for an amount of time for the
Clathrate To be incorporated f.e., _untit thne vitamn
KI_and/or K2 be persenipgoehangel i RBA B qwst Hingr ophobi ¢
daPOr 10N Of the cl atfnRidProod!darREMIR! Aitho/ IR | 2/02/2000 | 81051200

h
Cy< otextrin ffay—ogTepraces

quinaqhidnoge case t he anyl ose spgrch i4.04 |l i neaddt. %o | art6s 9.0

th KI' and/or K2 bgcones I ndor por at w thi,n _the coj ],
Vi he ref llaced 3% a 7942[82tp anr‘l’5 97 5.0

Fi g&r@q Kbwa Rl Rtcdifagh RRAIRSn Ma?&grmﬁ@s&% dRsit eWRA B r e to the

the zeolite. 5Kg enul sifiers and/or thickening agents
Figyrs the iapieye m bﬂmmnsstymsoums ©0)th¢ korsesdwdVigandindkly of

QBB RRRCY R otdaied B e BEfon 18 ¢ DEFOIRBIPARY ith the
conwél 3.02EEI%i E0Gays B=NSr rieddys e (Di)V\ZO\i)ga}vadQJOl

\Balralgg% os%ru‘rgr-lrﬁc‘%léls of 91{95 wgsxﬁat%o%m RA& unc(aEf)oxylated

osteocalcm were determined as shown in the following table.

Average | Average Average Average | Average Average -
serum serum% serum% serum serum% serum%
levels carboxylated | uncarboxylated | levels carboxylated | uncarboxylated
VitK osteocalcin | osteocalcin VitK osteocalcin | osteocalcin
Ng/mL | Sep08 Sep08 Ng/mL | May09 Sep08
Sep08 May(09

No | 9+10 60+7 35+7 10+£9 65+9 30+7

Vit

K

Vit | 10£11 62+5 3845 45+14 | 86+8 8+6

K

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
23Kg of the above preblend (Example 9) was mixed with 745gm of vitamin D3
(500,0001U/gm WS)
5Kg soluble Silica
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7Kg of Vitamn KI and/or K2 21Kg Pol yet hoxyl at ed
castor oil (PEG35enulsifiers ) 5Kg of Beta carotene
W@ 1@945146481Kg | ci ng sugar 5% cor nst ar ch EXAVPLEPQUAR3KE/000693
of the above preblend (Exanple 9) was m xed with 745gm
of vitam n D3 (500, 0001 U gnmeW5) and nade up to 464Kg
With icing sugar having a Vitamn Kl or K2
concentration of 7ng/10gm 26 two-year ol d thoroughbred
50giab@bRr ses at commencenent of training for racing were
divided into twp groups. One group ("qui nhaguanone")
andraade;updg 40AR S PT HNEAUEETI n K formul ati on each day in
feed for six nmonths. Thgxatigrggsoup ("control ")
recei ved an apparently identical powder containin% no
STABLERIRUCELIDKd ar {2 P@{HD)@R ANNS THM M MINERA L RREBLEND
tacanpal.: ' L epwedge
10K 2 Y Bhin T SOt ZBr B RO G enyte TR 8] 200
324gansi tVitamhinDB & S0 0@01BAg W) st epwedge wer e neasur ed

d RBAE (radi ographic bone,al.um.ni um equi val ence) :
600Rg . ain Tainegh B Lsh FRiee Rtk B s eniehgs protein
or & @mAftdnET SHegsol RAITRRE §B11Ad, bdybehm rfchRlcard3Ameal) @otton seed

t heper cent age change recorded. The nean percent age

megln Dagey-i §OFhow BAd t Bins o ARYngomalREon Hogmagntains thsydlictary
reqiiEn MR oF iR inhANER, Jaﬂﬂih?&fa?é} RitemPRARd ARASHEY -
Wth reference to the Figure the increse in bone
density over tinme on the horses on Vitam n Kl
(Qui naguanone(tm) in & R?Egﬂg_@ with the invention
was 9. 050. 91% conpar ed g\/l t e?%ontrol 5.022. 17%
100ctdfgsniBatiNg ofIEGdep)s 1 PcarDbdéxtnided day sorRplet:. fodd for animals.
Average serum |l evels of Vitam n K, carboxyl ated
ost eocal cin and uncar boxyl at ed osteocal cin were
determ ned as shown in EXaeMPILE o ng table. It can be

seen fromthe Table and Figure 1 that Vitamn K |l evels
andieaYARg Vidrain ¥ develolor YPTOYRSOMPOSILRNS Wetgigigrmined as shown

in th@W5 NG afle UNERE ReasYA Abkfdn QSIS &ﬁﬁﬂ)&ir@ Flaghi ViteRR KY levels
reduced rn the treated group.
(ng/mL) after consuming green vegetation, a vitamin K oil and vitamin K water soluble in

accordance with the present invention:

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

VK1 oil in milk | 8.24 45.6% 3
500pug

Water soluble VK1 in | 15.11 100% 3

milk 500pg in

accordance with the

present invention
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EXAMPLE 11 23Kg of the above preblend (Exanple 9) was
m xed with 745gm of vitam n D3 (500, 000l U gm W5) 5Kg
W@ A0OB#@IGI | i ca50gm boron and nmade up to 464KgPGIADZ10pG00693
sugar. EXAMPLE 12 STABLE DI LUTED KI or K2 POADER IN -
VI TAM N M NERAL PREBLEND 10Xy Vitam n Kl and/or K2
prebl end concentrate (exanple 9) 324gm Vi tam nD3
(500, 0001 W gm W5) 600Kg Vitam n mneral preblend m xed
WTthis kebish sipoved eienorab bivaniitability (dF6apaiatici i) vabibus matrixes after

. _conbi nati on, of. ol lard, .rice pqllard, soybeap .
in AT of Goaiitia s Sthugl PntictionBlie o By Yok cis poorly
bioaaBillall¢! Rl §isinddh AAYin GANYniAEOWith Gvdi& L& vikiRindK 8h Akdbrdance
..requirenments for animals in protein, fat,
W‘ﬂb'SFBEﬁ#Wr”aY"é‘,UOQ-i tamins and mnerals. EXAMPLE 13 The
formul ati on of Exanple 12 can be extruded as a
conplete feed for animls. EXAMPLE 14 The avail abl e
vitamin K level s for vEXaNPldohpositions were

' i f ' tabl e. Thi.
05§ TGRSR K 40 Ll BRABRL 5y SAIBANT ror
vitamirt Kl todresaisiably gmgenenteofes aitamin pmduét] #nis mekessarly tansotect it
res

. vitamn Koyater sal uble in accordance with.the nt .
usin ph Sl ROBRE EomiBE HoRR o i S RO At 932 APRETIBG0A0% of
K1 yéduaredl aflér #rhovay é&x@asurdad brsRSsulighf, ER ¢ wete Sonducted to

st andar di sed 500ng anount. The table shows that

detegningiri n K i s poorly bioavailable in spinach and in oil

corpeIhel U IBLA f 3 SRLARBEE i

PfeSPfﬁaithGWipngﬂiﬁhON betacarotere incpjick syridgey: aded by sunl i ght
() LA ey P S BOTRAE BB,

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
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 1g
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
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 0

hours UV éxposure

Vitamin K1 level 4
hours UV exposure
(Loss)

Vitamin K1 level 8
hours UV exposure
(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%)
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usi ng physical and/or chem cal nmeans. It was shown
that a | oss of approximtely 20% of Kl occurred after
Wa 4@k xposure to bright sunlight. Experi nePEEAUEZN08/000693
conducted to determne:- 1. If the | oss can be reduced
by storing paste nmade in aczbrdance with the present
i nvention w thout beta carotene in black syringes. 2.

H—+t he—tl-oss—ecan—betreduced-hv—addi-ng beta-carotene—to
T T I.IIU‘I'U > CATT NGO LI A A% AYAYA" M] uuu1j|3 o T A U AT OUC UTTO T O '

the composition. 3. The effgct of encapsul afion of

Vitamin KI Tn a matri X such as cycl odextrin, starch

and/or zeolites and the effect of a diluent being a

MG B QlenTRADIAC WML AP 1ftf 108 SAREAAK KA WAL thotd e from the

1) mparison of Toss o V|tam rom paste store
pasteninathb| wigike i;I,DRIh @lighi densityh @t)lyfeﬂwtnna) whmtamesthwqyer lﬂpﬁoivss of

.UV expesur r .8 hours S CQ
vitagn K3 RS (e kol v uatiBo 0T 6+, B, prilife Y P Ctoitered UV
stabla sThesesultsf doohoveaeh sladw éhab (it pidierhiele 3y backgge dreccontpokition in a
bl ack syringe. Each 5g sanpl e was honogenised and a Ig
dar]%sci’ﬁ‘b‘g’é was taken. The sanpl es were anal ysed for

Vigh anmmhe Kdffectl BE tifey 4ddIG&S omm—dafutéheotlﬂcaeaorwa&l \Wﬂ? tthe present
sunlight for 4 hours after which a second sanp

invegggn) @ik ¥HamirmK 1 s%ﬂ’mlptérsto vLéY é""’értbé‘é determingd. aBbV’etha\“@t that beta-
caro@éQan'ﬁﬂ tpfr(?téctvﬂh{e avrﬁ Ca Sﬁ‘cl[sfen %ﬁﬁ%\é@ '8 @W Hgﬁda§ @ will be

sunl | a fu er 4 ours an e sanpl es agal n
prefmatlglged)ht)t@romdusgm nAKlwam ﬂﬂ@le Pa'St@e comginings bataecarotene was
prep%sa Ggilwcérﬁat{gq? tltne foll% uggg os1 jon! aﬁl Bxggpm%en fromthis

0SS re rapid from

PAS’IPECOME@SITHOMe V\,hl te HDPE (h| gh density
oI ye Ien er, however the loss of vitamn
aETHB I %jr‘ll nge was too great for the

941@g oduq’troqubd@%] sidered UV stable. The results do
however show that it is preferable to package the
9.4kHnpoPrtablevater a dark syringe. 2) The effect of the

105%&10“ t 'PBl’yeﬁi‘ox Bl G&bPbE EEGS ﬂ&WEEﬁrﬁiﬁt wi th the

esent |nvet|on on vitam stab y to UV was
35gmiheta cdrateneniVidedo It is thought that betacarotene wll

800&;;:3@“&“}?])\,\%: (%?&EQOiﬁ}gm)iwsa paste, exposed to W
100gm methyl paraben
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:

Sample Vitamin K1 concentration % loss
1 1.7 mg/g 0
2 1.7 mg/g 0

No loss of vitamin K1 was evident after 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.




10

20

10 preferentially photo-oxidised. A water soluble
past e contai ni ng beta-carotene was prepared accordi ng

WO 200ne64P] | ow ng conposition as in Exanpl e 5. PEESTE09/000693
COVPOSI TI ON 35gm Vitami n Kl and/ or K2 9.4Kg Propyl ene
glycol 15 9.4Kg potable watg4 105gm Pol yet hoxyl ated .
castor oil (PEG35) or TWEEN 80 35gnbeta carotene W510%
800gm Vitam n D3 (500, 000i u/gm WS | OOgm net hyl

ab%c KEAGM saNithah RUMn TNRWRE S A68FdMARCR A | Filaghple 8

vvhlte E) 30 nL syringes and treated as follows: -
uSIrsamp@Msugl@ ay @@l%dexwrcsmtﬁl apg/ o zeolSgsgsidéoras dn Exaigple] 0, use of
e g e

af&amples wcrs w@xppesdr for tsabiiplafighexposens thethad &Y stelfghtwagmples

werg afacdd 5 oot Nitfe GERCRI bigtk HEE pikeOy i fthe, Al samplcs were

madehep Go Oxighligno poddler beforpaipoaiirean WV . V‘rharesnltKhrd shoawn in the
owder i n accordance with Exanple 8 using a matrix
folloying ale.cycl odextrin, starch and/or zeolites and/or as
in Fxanple 10 __use nf a diluent being. m xture of

ITAMISGRPOVAPEBe or BliAGKdNaketdEDBIRd st aMAATTkEbucket HDPE
Starghr epar ed. Sanpl es [fineg K UdOgrar pawlar (@Yoding! iKlylQgni epowder (0%
exposure to 4hr ossinl i ght. Sanpl es whkyse) pl aced in

ZeoR@lBwaBi T € FDPE afyehd KazkogiDREw s CK et S[7iigf Toght siwdol T
sanpl es were nmade gq, be) 7m0/ 10gm pomde(()d@@@;s@ye

D T Ov—Ti fTOwWn ]
Cycl?)gia mH $‘r¥|HS ej(ﬁnpl(so/égéw d%%hgét;‘seezc apsu flkgs%ﬂo ‘Mﬁéﬁ
Icing sugar?starcf_l mix = [/mg KI/1 Ugm péwder 7mg K 1/10gm powder

(0% loss) (0% loss)

This example shows that encapsulation of K1 (in accordance with the invention)

and use of a diluent being a sugar/starch 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 been presented for the
purposes of illustration and description. It is not intended to be exhaustive or to limit the
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. It is intended

that the scope of the invention be defined by the claims appended hereto.
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and use of a diluent being a sugar/starch m x inproves

its stability. The foregoing description of preferred
wepisdsereiht s and best node of the invention kn@GHAU2009/000693

the applicant at the tinme of filing the application

have been presented for the2jpurposes of illustration

and description. It is not intended to be exhaustive

or tolimt the invention to the precise form

didaimaged. Many nodifications and vari ations are

possible in the |ight of the abgve teaching

orlbodiAEREbo% dite INCHRISBE BANE AERH; HBANPIDG cb@flet@n@é%tand/or

inhiBiRle@fo8s t(ﬁfebd?{e' 8&1sRY ehdRr £elBBcihPVRMocRbhdNdadtt&s in an animal
praCtical application to thereby enable others skilled

compnsmgedanmstmng) tosan aniinpl anecffelgive amevntiodn compositipmoentaining:

SOPRRYTRT. Pl 4 b ST AR KT R SRR gt with

physmtogrodﬁyl atdmtabtdmnwomrménttahé/or dileextti on be defi ned by

e cl ai ppended her net hod
© e ARSI GERne isRa Tt OF Vit sk oh il gyiigl beyond that
achléﬁzﬂ'/l@b dithconplisiag bmﬁﬁnsaéndgcmanﬂkmmdnmnand/ngrvnamdux;n Ngtamin
ost eochondral defects in an_ani naj

sin
K2 ofchings teetti gt KA ang yitamin K, toretheryiioa RGPSt hsacceptable

can{é?"gieﬁlédtgﬂd/gpm@npl ng: vitamn K, vitamn K2 or a
m xture of tamn Kl and vitamn K2 together with a

pRysi @ ogﬂhaﬂ lof insteapingbbanec densityr maew@im@rbpnarrtnneiry and/or
mhlgftltngef&s R% bd?lengérgﬁg_aﬂ%% r%ﬁ%&ﬁ% r&te%t: ﬁé’fg{)ts qra ar} animal

in an ani eyon at ac |evab
comparingi si ng adnrnlsterlng a conp05|t|on |nclud|ng
vi tam.n Kl . vi m xt ur. e Vi t and £
S SR T B cgrpraarxgure 0
v1taﬁ1§i{ Kileind a6 Ke) togeilet Slithtd phisivlogically’adtepthble cafrier, excipient

ncreaS|ng bone density i ntai.ni ng bone density
and g dHlgFnt; #) B qrgwrtts%lg B SRR ViR tof TRIETSr tor itk iehgut the

max@RhRCARIWI8 VAR Bt boxly it bstidCMRIN if WBPAiShbin %(treated.
adm ni steri ng a conposi tion containing vitann

vidt amiAnmighodaceprdingtte eleinpfl, % pr A wihgra t rﬂ@lmaltlarrhﬁfsmz, ‘
t eget he i ol 3 | c l.e. [ IS
et promethid Bodtka, & QRIEEH, o, 3CER) Wil 3¢ | Shmpositon is
admadteredtorallyt ami n or nrneral to reach about t he maxi mum
hleva ed osteocalcin in the

I f
r mal ik)}gl?lﬁ e% Wg&e? 8%1u§fe co omhon cOmprising;

v1tam1n K1, vitamin K2 or a mixture of vitamin K1 and vitamin K2;
beta-carotene; and

an emulsifier and/or thickening agent.

7. A stable powder composition comprising:

vitamin K1, vitamin K2 or a mixture of vitamin K1 and vitamin K2; and
beta-carotene;

an emulsifier and/or thickening agent

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

diluted by a diluent.

8. A stable powder composition comprising

vitamin K1, vitamin K2 or a mixture of vitamin K1 and vitamin K2;
beta-carotene;

Vitamin D3;



4. A nmethod according to claiml1, 2 or 3 wherein the
animal is a horse. 5. A nethod according to claim1,
WQ2003/1¢4901 wherein the conposition i s adm ni st REEAU2009/000693

orally. 6. A stable and water sol ubl e conposition

conprising: vitamn K, vitafnin K2 or a m xture of

vitamin Kl and vitam n K2; beta-carotene; and an

enul sifier and/or thickening agent. 7. A stable powder

C Giaaildifieandihickemigg agent, anin Kl , vitamn K2 or a

m xture of vitamn Kl and vitamp K2; and

bengansylataddnie-a starch And/er ¢ Zealite /Yy t hi ckeni ng agent

encRRIAYy @fheht 0 @ starch and/or a zeolite and/or

diluted’by a diluent., 8. A stable powder conposition,

c Shpr iAs icorgpesitienrerording ¥ elawm a8, avhereimrithea &F@nbfs a mixture of
5 one\()lr%%Fxoﬁ{psa@agan\ﬁ'g%,%@a@&ﬂ%ﬁe?ﬂdas'té‘r@ﬂ.m ene; Vitamn D3;

an enul'sifier and/’or thickening agent, encapsul ated

i 0o 2A strapaditi@nchmaprisingzeol i te and/or diluted by a

di Luent. .9...A C 0Si tiqn accqrdi to,cl aimJ/,or .8,

WAPEH K At PR o 1 s B PR RA Vgl nd

no¥absdibéd des, di saccharides and starch. 10. A

conposition conprising: vitamn K, vitanin of a

mi Nt urAeL%rPe SHRPAEL RPTRFEIG CHTIPORSION ahglaim 6%/7, 8, 9%r 10.
10 absorber. 11. A horse suppl enent conprising the

conmposition of claim6, 7, 8 9 or 10.



