WO 02/ 069740 15 August 2005 PCT/ GB02/00884 Title: Conpositions Containing
Creative and Creatinine Field of the Invention This i nventtdM9usi 24498s t o '
conposi t Weh&/0B%i0 human consunpti on conpri sing creati ne anBCT/GBextissi ne and
to a nethod of providing stable creatine containing conpositions.
Background to the Invention In the |ast few years there has been _
considerable interest anong athletes in creatine, which occurs abundantly
in skeletal nmuscle. Creatine plays a pivotal role in the regulation and
honeost asi s of skeletal nuscle energy netabolismand it is now generally
accepted that the maintenance of phospho-creatine availability is
Jnmportant to the continuation of nuscle force production. Creatine may
al so be involved in other processes concerned with protein synthesis and

-hypertrophy of muscle fibres during training. A though creatine synthesis

.occurs in the liver, kidney and pancreas it has been known for sometime
that the oral ingestion of creative will add to the whol e body creatine

pool , it he | sti.on of 20 to 30g creatine
mnohygp%ée <l .0 el %reahne D%y lead to a greater than
20% i ncrease in human skel etal nuscle total creatine content. Thus,

W94/ OZF.l lhdk}icl oses the adm nistration of creatine nonohydrate in
anount s of Gihf gReERtoRs, (or 0.2-0.4 g/ kg body weight) per day, for at

| east 2riiaviseent i J ukar r h...In fact.,,. it was
subsequent iy foﬂ\éélftﬁga?@ S?l?g?ﬁg%\%eﬁoglhugg%/nsg%gh@%%? SRBRTSCE SFPafBRgoder day)
wi th crosetinige and tohyutideofiproddidg stabte athtdidtontiidingombyaddson of the

ti ssue stores, thereafter it takes no nore than 2 to 3g per day to
maintain the newy el evated concentration. Supplenmentation with any

' bi oavaiBazhlmus@ubGRe Diveai@dat i ne (i.e. creatine supplenentation) in an
appropriate dose can provide inprovenents to athletes involved in explosive
event s I thipgHew e deerabks ksrorpasiambicrigtetesoamang emvlaaciandstihe whiflew

m nut e%c&&é’ﬁ@urﬁ@n[ﬂp f BEOG: m\l/l\gzlgzér%gt%gé 8121%/5 ]éSpiégtglursgle %r? ?hSC regulation and

homeostasis of skeletal muscle energy metabolism and it is now generally accepted that

the maintenance of phospho-creatine availability is important to the continuation of muscle
force production. Creatine may also be involved in other processes concerned with protein
synthesis and hypertrophy of muscle fibres during training. Although creatine synthesis
occurs in the liver, kidney and pancreas it has been known for sometime that the oral
mgestion of creatine will add to the whole body creatine pool, and it has been shown that
the ingestion of 20 to 30g creatine monohydrate (Cr.H,0) per day for several days can lead
to a greater than 20% increase in human skeletal muscle total creatine content. Thus,
W094/02127 discloses the administration of creatine monohydrate in amounts of at least

15g (or 0.2-0.4 g/kg body weight) per day, for at least 2 days, for increasing muscular
strength.

In fact, it was subsequently found that after several days of supplementation (20g per day)
with creatine monohydrate in order to attain initial elevation of the tissue stores, thereafter
it takes no more than 2 to 3g per day to maintain the newly elevated concentration.
Supplementation with any bioavailable source of creatine (i.e. creatine supplementation) in
an appropriate dose can provide improvements to athletes involved in explosive events,

which include all events lasting from a few seconds to a few minutes (such as sprinting




PCT/ GB02/ 0088 4 swi nm ng, weight-lifting etc). Endurance p%rfor mance in
events |asti ng | onger than about 30 m nutes appear |ess d fﬁélgﬁ’éhzoﬁﬁ '
creati ne YHP BBt ati on except where this involves shor POIEGBGBAGSSS

i ncreased energy output particularly when the |ocal nuscle carbohydrate
stores have becone depl eted.-Creativei s,\anor mal - f ood conponent and is not a
drug and - its use is not contrary to official regulations. It is possible
t hat theggf \@fei: i hon _are experignced by
the. el dor o ugs welREHIILeR] BdLREL BELHARSHRILAL 1N i6hell B30 Fce

peopl e t éAdninpteh appedrdessmaffcted by eehtine sgphintntasion Akeept Witiele (i @folves
bar baden fam]y and is a cactus-I|ike succul ent

§lit10 isdaqﬁ:enbgr &f the Iil

pl ant t hat  gPBWE"iH Warai°e cogeY f?@té’ﬂth’ﬁl&& Wwheg the dgcalmasle sarbasdratan

| ndi ans_.st88E hat BEcoey deflQEd.QeRAMd BS BSmal. 1 B S0t 10 RE Gy gt
blisters, pept_ai c ar?d duc%enal ~ulcers an a{olggﬁg%lgéf?%nftgﬁ E)gsrr%oéﬁ'darﬁéan& T
i nt est i nEf UgF soReferaitraky dnefficialfregulatiors, It ispiossibleathat thgaméatést beheris 5fas

wel | as 0, vity. Toda | oe Vi is becom ng very popular and
its bene{f@?@{ear b%&e@%ﬁ i%%f”f@f@@%%@?ﬂ g‘@&fc{e%ﬁe"%aﬁlaﬂ% gt Hosajvbe cgera i n
the pastmbasortfabysiice theRyRobleitdld RHIRS i muR &E&tHJe%hﬁéE{)?P the skin,

especially after burns, but there are many ot her uses. perinments and
research studies have shown that after using Al oe Vera juice, the output

of the dj i ZMHE, terd al,, popul atjon of the intestines
are i rrpr%%?ér¥ ﬁls%@t her geﬁgﬁqﬁégﬁmg%? Ofﬂléﬁg%garrﬁé' ?‘rfd’élaéé‘fmﬁ‘ﬁlﬁ%ﬁ%u\?é? a
extract wlsutathategiosaniantato foet-frak efimaie) | Yena! RARRIcEn NISSOTEIMARES used

acquai ntEF vs<i/t th ts medi cinal properties Among the several nethods o

pr esent at1°GnY SR HEY E51H4NCS & HRFRELNEE hiynsake preventablistars, aeptic and doddendr i nks -
whi ch ang@edrs Whd Al 8%es 88 stidnt : ' |.gt abl e. .The inclusion of
creatine in a sof §tE%dri nk mupdﬂﬁzﬁﬁé{dﬁﬁl?ﬁé té(gelrga S BELeEs-iARCa B ver a
extract &igkilegoupgwbi as uplome bonigevief Todal Atoe aalkd Becbhany afy Fopular

unsuppl n ed dinary fruit drink. Aloe Vera juice is acidic (commonly
about pﬁqg)it%%fj?é)fl{tga'\'ﬁegﬁé“ﬂhm TFHANI4He creatine nolecule is unstable in
aqueous solutions at acid or neutral pH, and is converted into the related
conmpound_creatinine. This is highly significant as creatinine has no nuscle
per f or mEHEAVERHEMRT Apedfara it thapdstites bemrtepedeitrinfathation Fanicbdy (@gea Wast e

duct j ' f t f i EP O 669 083 t hes t hat
g(rtllcj)egﬁs Slélr r?EﬁsécP glly i%ur?\égnu% /tg%@7§frﬁergg1{yngther uses. %xpex?ments eag((i: rgssearcha

studies have shown that after using Aloe Vera juice, the output of the digestive enzymes

-

and the bacterial population of the intestines are improved. Thus there has been an

ncreasing interest in Aloe Vera extract as a medicament to be taken orally as people

become more acquainted with its medicinal properties

Among the several methods of presentation, there is a growing use of Aloe Vera extract in
soft drinks which are fruit flavored, and these are quite palatable. The inclusion of creatine
in a soft drink would be highly desirable because the Aloe Vera extract drink would bé

much more beneficial to health than an unsupplemented ordinary fruit drink.

Aloe Vera juice is acidic (commonly about pH 3). It is well known that the creatine
molecule is unstable in aqueous solutions at acid or neutral pH, and 1s converted into the
- related compound creatinine. This is highly significant as creatinine has no muscle
performance-enhancing effect and is excreted from the human body as a waste product in

urine. I[n view of the foregoing, EP 0 669 083 teaches that aqileous drinks for human



3 15 August 2005 PCT/ GB02/ 00884 consunption conprising creatine nust be
weakly al kaline, in order to limt the conversion of cr edPiAHGUFtROG5
creat i ni nWO B3¢P7¢hi s has become the generally accepted opP@I/6HB02/00884
Furthernore- creatine-and. -its- derivatives -have been used in the past
but -only for the preparation of produSts with a neaty or savory flavor.
For instance, Tonsbeek (US 3,615, 600) discloses and is concerned with
artifici QL | . cribing m,xtur inparting a neaty flavor to
Foods.  srmerplSherfs Eloalhd My PR st ioardhe do ipihhe geatersion

f I'avor i nof cr¥aimeaatsicréatifind; BRDBREGS beRRNAL EetalBRL il AYRRiRY heating a

-m xture conprising creatine at pH 5.0-7.0 at a“tenperature of 30-130C for
30 - 120 m nutes. Under these conditions nost of the creatine is converted

_to creatpine.The inavent ars. heli e at. it woul.d not occur to {he persons
Fﬁl%no@?r%a@ﬁggﬁﬁ % 08 ‘ta%vgs""h{]"ﬁs%‘?fnh‘i‘ﬁeﬁ dnit e'éagstag%%'lyoﬁor g@go'"r“y‘ o |

>skilled in the ar creatinine
| avor i ryepayetiny of praduwposiithi onseanfiof Raveey elavbt G Sidsthed) AMNGstrek! RIOT |
(especi ag %y@rgi t flavor). other than neaty or savory.. The person skilled
in the ar t ﬁ‘é]\‘?éese%‘ic‘ﬁ eWPIFFrEeh gdth iagHicysl Baveainignidvscriting esihires n an
unpal at dhlpartireoiThi 80r of fdadi &; : r eas in fact the
i nvent or s pﬁgi/e f.ogn that t ﬁfadgr%isu ti%ﬁégﬁrﬁ% ??ﬁ!%@&s ﬁ?ﬂoe’i'"ﬁgﬁlfh an
undesi r dB¢% flararige.f Yamoraki WP-975 ABOAES) praat@sebea Tt By he it for
human c ion . conpr,is| reatine and its derivatives, the conposition
bei ng pr%g\ﬁl‘}lbg}egélgacsrea;tm&rv @3%‘%‘? fi)o"f”: 3 trrpRcEiieg ofr80-EXNEC-for 30 o 120 rminufEhe
conposi fimies thitks cdrs@shs ek BF the RF St & gLt ed tenperatures
(4C) for prolonged perisods but esta%l e g’%’% Fgﬁ%&%tgﬁr%%rature for relatively
short periods (e.g. up to, but not exceeding, 7 days). WO 00/ 74500
di scl os : ity i Si creatine and its derivatives suspended in -
al o6 veragal o AR Tald uiopke nil FRre 0 g PP e e ha et fheidd
conver sioatinine ¢nsedthithertd @s aGh@abi BiveR) fldlonk PRI : eks or
nor e, derﬁg?r.lfpi gg on the initial cor\{(_:?ntratni %%E%%‘t)ecr egﬁoﬁgﬁflgg{hﬁ% Wi
conposi TG CdEehavalavr dspeeating i (or: 4880 thet nessy shavoss iThebickiohy of
prevent giiged Imathgqlptvrg(gﬁi( Hgved% &%(?ﬁ%eia'&ﬁ%to real.ini ne, and neither docunent

[

"suggests the deli berate a PF

_ he ‘ tron of  creat CHPRYNE & Bstitdben #epalgablai ni ng
conposi £¢robinatierentl6ditfand rheareftuvosnstsiehd Bfact the inventors have found that the

resulting combination does not impart an undesirable meaty flavor.

WO 97/45026 discloses an acidic composition for human consumption comprising
creatine and its derivatives, the composition being provided as a dry powder or in liquid or
semi-liquid form. The compositions disclosed therein ére stable at refrigerated

temperatures (4°C) for prolonged periods but stable at ambient temperature for relatively

short periods (e.g. up to, but not exceeding, 7 days).

WO 00/74500 discloses compositions comprising creatine and its derivatives suspended in
aloe vera gel, which compositions were stable (with respect to the conversion of creatine to

creatinine) at room temperature for 2 weeks or more, depending on the initial

concentration of creatine in the composition.

Both WO 97/45026 and WO 00/74500 stress the desirability of preventing the conversion
of ‘creatine to creatinine, and neither document suggests the deliberate addition of

creatinine to a creatine-containing composition intended for human consumption.



4 15 August 2005 PCT/GB02/00884 It would be a great advantage to present a
conmposi tion for human consunption, in which the creative 'PéWoEstA0Pes -
Sunmary oWOa®B&@617M¥enti on The present invention i s concer n@gTERA/ 00385

provi sion of conpositions for human consunption conprising creatine and
its derivatives, especially conpositi ogs presented in an aqueous nedi um-
nore especially conpositions (such as drinks) in which creatine is

provi ded in aqueous solution or in which creatine is suspended in an edible
supporting matrix. The term "creatine"” as used herein is intended to
enconpasdt abhldtbecagaat @b gLl pradchv® SofbosiGéie & MitnanSénBurdtioh! §AHhIE
nonohydr phosphocreatine, and other salts of creatine. = Creatine
nmonohydr g}ﬂee creatine r RPRSER avhsy sphsbimsiaiie astable.c eve nall yacidive pFerand” o eathioe”
.Shoul d bee mRfalsued broadly where the context permts. As explained above,
it is well known that the creatine nolecule in aqueous solution is

unstabl e, especially at acidic pH (i.e. below pH 7), being converted to
creatinine %E%% 2@ Shiver, 1925 J. Am Chem Soc., 47, p.1179-1188;
Canaan & 8t Bivsafigm 3. 22, p.920-929). This presents a problemin
attenpti Nget e [ on 0 ni n ceatlneln
physi ol ogi callﬁl yhﬁ\s{%‘%ﬁmggnlglﬁngémg% h@@? gﬁg&%h& %ﬁ coft 3’8?38?1"}3?? it

f or mul at é@lSQ@PtaQn tonprasing ereplihdoeidaty derivhitgay e@e&ﬁ!lyebmpeﬂﬂmtpe&eﬁgmn

i nvesti g% L lpe%ul ntg t he e%w | i br.j um whi ch exists between creative and
creatini e SR Sy TESHE-BP: §5BF dcor"i‘f??sﬁ’é’lnﬁl(%‘iﬂ afs deinks) aF pdich coeatingds

equi | i brj Mﬁfkle@ﬁﬁla Léns DY iR r ately
t he Workpof Edgar Eland Shi ver dﬂgge‘@{lﬂggife%ﬁéé Isogusgla%iegfﬁr% ?de{%l LSJ%‘?rgﬂgdance
to the pB®8Hn skilled in the art of fornulating beverages and ot her
nutritional conpositions, for several reasons. Firstly, the publication -b-.y
Edgar & Shiver is very oI d and of purely academ c interest, would be

unl i kel yThotehs “cieatitsdll s edederéin REIEDA® 5 ¢dcBehphl 51h§m§¢?£11a91fe dl‘exf?w}ue@ Fng
beverages, and dges not have a direct bearing on the fornulation

bever age€taESc SWA § Capriingraenchivdiate: imhwspliopreabingannd, other salts of creatme

Creatine monohydrate is particularly preferred. Accordingly the term “creatine” should be

construed broadly where the context permits.

As explained above, it is well known that the creatine molecule in aqueous solution is

- unstable, especially at acidic pH (i.e. below pH 7), being converted to creatinine (Edgar &
Shiver, 1925 J. Am. Chem. Soc., 47, p.1179-1188; Cannan & Shore 1928 Biochem. .J .22,
p.920-929). This presents a problem in attempting to provide drinks or other composiﬁons
containing creatine in physiologicaily useful amounts, especially as drinks are usually Sy

formulated so as to have a pH below 7.

Edgar & Shiver conducted some investigations into the equilibrium which exists between
creatine and creatinine in aqueous solution and, in particular, the effect on the equilibrium
position by the use of buffers of different pH. Unfortunately the work of Edgar and Shiver
does not offer any useful practical guidance to the person skilled in the art of formulating
beverages and other nutritional compositions, for several reasons. I irstly, the publication
by Edgar & Shiver is very old and of purely academic interest, would be unlikely to be
consulted by a person skilled in the art of formulating béverages, and does not have a

direct bearing on the formulation of beverages. Secondly, and most signiﬁcanﬂy, Edgar &



5 Shiver conducted their experiments using extrenely dilute solutions of
creatine/creatinine (0.001 M equivalent to 0.0149¢g cr eatiorfe/gLeHA0S

creati ne nonohydrate having a nol ecul ar weight of 149): whilst these are
appropriate for purely analytical considerations they have no-relevance
what soever to systens which conprise high concentrations (over 0.15g _
creati ne nonohydrate or equivalent/ | 00 ) of creatine and are intended to
provi de pgési ol ogi C%L‘klé useful amounts of creative in a beverage. Thirdly,
Edgar & ShirVer® “Hay HOXRSIGERES BipRarrenadly difete shitiges ofcphtindidredtindreur s
upon conve{eimanM, ey t; ki ne and vice versa, - such a change

i s probabl g/ negl icggi ﬁ:élg&l.tlg Pﬁéh?%g&\r?gﬁ%(g?rpgt“eeagﬂ? @SP?IWEF’&? daymgiaeolssulatur es
enpl oyed byelgel [48):Stilltaheselmt appropratavep@esi AlyliA3BhsidbARAG hal pileah

concentr atﬁ(ﬁy}aeva%gghv a% are desirable in a beverage, as the presen
inventors “haVe s FHORINE taswstems | yhish rqamaprise dvighe comceapplignst (vehd.lsgual 1y

ol d publi catitime BynolganRap; &gk oby i solytion to the instability
of creatine woul d be si npl y&'?o ?%gyégds}gn t Be/c?eﬁlﬁ?fi gle o nokended ¢t oproyde

Treative iRYPRIBKSEpssfel anpuds dfheteatingpy si bbegipeal MirdSe oA R UG @f
creatine i i h mposi tion for .a longer tine period. However
this approng(g,ﬁa%ggd;%kén%tc (I%ﬁ"ﬁag &'8 C%‘?E%th WhHiciheasHEs uphe comversios pbereatine to
creative tcocatnmatandiviee. vedar & BedH R £ [ rsion of creatine to
creatinine is |ikely to increase t(ﬁlgn%H%?@ﬁeﬁ l{c%%n @gei P?IBE,tL%lé’e%g‘IUte
reaction CHFBRY/EEtHRE Mitwmemployed ydE dgpe i Shiver, THit SyoBy HRBRAS ARGt

pal at abi | §}¥.c006k; rable.to the consumer. Moreover, creatine I's not
parti cul alalln?a sollgﬁfiﬁg%ﬁab\%?se Puc(heisp%rg %ﬁTlfasb?%l’c“ 3 prareragoy asdhp preseniriveentaes g.
3-5C, at Wvechisaveris Gunerallg Udintir cShaiae) |afiy Bt D8, fraxi mum
ini-tial cgncenggﬁtéciyon of creatine which cazrlﬁ%? tigl‘?é g?(déggd%lg.qu 3L Y on,
t he i ncl usfBR™ €ess creatine is undesirable, as the presence of

undi ssol ved creatine in drink fornmulations is not attracti ve to consuners.
Starting with a solution of creatine would result in a drink with |ess

than the Fexobvionsantution toofhe dh@abilidEof bikaBR) WolRMbeSd; 0 e greatine
woul d be &9y r{jed {:lo creatinine. The inventors ﬁ?&@ﬁﬁpt?o%ﬁglgg%ﬁ %‘ﬁ infia
al ternative 55‘3‘6 BhCTeslise 4n rthel cpeIpesition5sAtigt stphYfiobemall sehill aRfRACH

di scl osesr@fin@ /PRt d %Hicgnﬁ)%gﬂ%%i bot %nlol;xgér tri]t%g%grigc?n%{%gvpévieg ?ﬁis gggfgzrighSi "
does nothing to prevent or wnhibit the conversion of creatine to creatinine. Furthermore,
extensive conversion of creatine to creatinine is likely to increase the pH of the
composition, as the reaction involves the removal of a hydrogen ion. This may change the
palatability and be undesirable to the consumer. Moreover, creatine is not particularly
soluble in water (especially at the low temperatures, e.g. 3-5°C, at which drinks are usually

_ stored), so there is a finite maximum initial concentration of creatine which cannot be
exceeded. In addition, the inclusion of excess creatine is undesirable, as the presence of
undissolved creatine in drink formulations is not attractive to consumers. Starting with a

solution of creatine would result in a drink with less than the maximum amount of creatine
in solution since some of the creatine would be converted to creatinine. The inventors have

provided an alternative approach explained below.



di ssolved creatine and a quantity of creatinine, present ab initio,
sufficient to render the dissolved creatine therein subst'&ftugasi2p08t abl e
such that at least 75 %of the creatine in the conposition imrediately
after formul ati on remai ns unchanged during storage over the tenperature
range of 2 to 50C for a period of at |east 30 days, the conposition having
a pH between 2.5 and. 8.5, the conposition being fruit-, chocolate-, nalt-
or caranel-flavored. A second aspect discloses a-nethod of preparing an
aqueous liquid creative containing conposition in accordance with the
first aspect, which conposition is fruit-, chocolate-, malt- or caranel
flavored, the nethod conprising the steps of. providing, in the sane
conposition, dissolved creatine and sufficient creatinine, present ab
initio, to render the creatine sufficiently stable such that at |east 75%

of the creat i ddibtpsperedisbnposi dions liquitremtipasiednyfoa il cohe %‘""“’ Aofpemi ns

unchanged dehiE&QIv%&&Eﬂﬂ? over the tenperature range 2 to 50C for a period
of at least 30 days. 6 It will be apparent fromthe teaching bel ow that, at

-1 east-in sonedenbpeintignos p_retaﬁﬁinf@,r pgj;g@,}ti &nliﬂﬁo’t Q@ffﬁ%pQ§i)ijéh&Hil (e solvedh
processi ng pr . 1.0 tion t i nal. _compositjions) may I nvolve The
del i berate coér{%lrntgj fgﬁ{eg{ glg?séaz{‘t“fi]ﬁ:’é Sl‘ag?e S Batiiah h deaski7ah of tihe greative iar dwt i ne
aE initiois mmolgﬁm mm$ﬁ%rlfymMWaL$ udkhaped d_ﬁfiﬁ’gfst%gge over the f
charact eri satgg 4 r i eont ent of. conpositjon I'ch nay, for
exanpl e, be i ng? ca{egﬁggl ‘gﬁ%ﬁ;"n 4l Pﬁrémf PE@S ?‘%H%‘pt %51 B\RsCURIPSIiOBY S
to cal cul at e harag exel tbetwrsa 2.5fand rSeiit the ecoonpositioe Being hEuit-Q IRGDIdte-O indi@ Yo e
provi ded as @ahahRiAsvoraa sem -liquid, an edible matrix or a solid for
subsequent solution in water. The creatine can be dissolved in water to
provide a liquid. For conmpositions in which the creatine is suspended in a

sem-liquid or a supporting matrix the creatine content for the
conposition is preferably subjected to a mcronisation process (e.qg.

o aem 1 i G e ket BRAEE Lo o prypries bt dRdSTrOT R GoRBRBBS {1 on
is not unaceapealiiningritty in texture. \
accordance With the first aspect, which composition is fruit-, chocolate-, malt- or caramel- |
flavored, the method comprising the steps of: providing, in the same composition,
dissolved creatine and sufficient creatinine, present ab initio, to render the creatine
sufficiently stable such that at least 75% of the creatine in the composition
immediately after formulation remains unchanged during storage over the temperature
range 2 to 50°C for a period of at least 30 days.




Conveniently the supporting matrix, if present, is a recogni sed foodstuff,
such that a conposition in accordance with the invention YPAuqugke0d5he form
of an otherw se conventional foodstuff, supplenented with creatine and
creatinine, such that solid creatine beconmes suspended in the foodstuff.
Exanpl es of foodstuffs which may represent suitable supporting matrices
for the conposition of the invention incude spreadabl e solids such as
dairy or cheese spreads, nargarines, caviar (mainly lunp fish caviar)
spread, and other fish pastes, neat spreads, and the |ike. O her

conveni ent supporting -matrices are those conprising sugars or other

car bohydrates, such as liquid or solid honey, nolasses, syrup (e.g. corn

syrup, gl dceiiebesgpparsnt from dlzectieaching Bedeyy iat,or " Maxi m Energy gel "T If desired

the viscosjty of __the,sqliL ution and/or the conposition as a whole may be

i ncreased® %‘Sttlﬂegog’&d?‘? Whnis.he peslictiay of thgetohipngjtion Gt provassideheidritke.
Such' conp@seitisn aF € - i . in try and include, for
exanpl e, plant-deri véé\gh%o(‘i yga%:@ﬁgglji‘%%’sel,nngﬁ%gh?/\%gg)ﬁ%%§°fﬁ'ﬁrs*7°n1%td9§??é’t9§tt°2005
PCT/ GB02/ erg8R@nen dtabietyldilike enaslineash gaka it duyRabla BEmmReMI;2BScantt RIGHD -

| ocust be%&‘gg&@ﬁa ant pan gtf_g and so on. Such viscosifiers, gels and the
li ke may take thetorm oF °afS SERiRE corfentt thg composifion (whith may; dopmefpis; ed
edi bl e nabe indicadPhl HREadn ; ted Al oe Vera
extract: a snooth cr%g ép%?%dem% ?Elé)[éggl Jeé@(?fscg@g%g%[{s ﬁ)gcaﬁ%ulzge ?&LF@@?&‘SP%

t ube) rra;Pflféea“.HEI‘?@W@rR/by m xi ng 5gnms of creatine with (for exanple) 60ml
of a concentrated Aloe Vera gel (such as that obtainable from Al oe
Commodities Int. Inc., Farmers Branch, TX75234). |In addition the

suppor t i NchermpoXitidh nDOFPhloSRed a hiddl Sul.di .as a yaQqqurt or
other sem -1iquid fo_od;ij}'?l??f)lf!S The p?gs lrllitd’?%@hglﬁg’sﬁ%@%%@%oﬂsﬁ i?){‘g Bhd
that the SERIFIEFY Splytion inweter.i ke eroatineaan bridimotvad irpgatentdproaish ligitg, can be
mar kedly inhibited by creatinine itself, such that a m xture of 'creatine
and creatinine can quickly reach equilibriumand the creatine becones

subst ant Fat lcpmpogibibes iV therbreRimist SisBEnd2aun anypaltl cul ar. t heory,
the inventors believe that the explanati (_B)n for ﬁugéshol ué(?\%tél STPPPE N a1
t he convEA% H’lcocfl‘ enegoniat foy the composition is preferably subjected to a micronisation

process (e.g. crushing, pulverising, powdering and the like) prior to incorporation into a
semi-liquid or other supporting matrix so that the resulting composition is not

unacceptably gritty in texture.

Couveniently the supporting matrix, if present, is a recognised foodstuff, such that a
composition in accordance with the invention may take the form of an otherwise
conventional foodstuff, supplemented with creatine and creatinine, such that solid creatine
becomes suspended in the foodstuff, Examples of foodstuffs which may represent suitable
supporting matrices for the composition of the invention include spreadable solids such as
dairy or cheese spreads, margarines, caviar (mainly lump fish caviar) spread, and other fish
pastes, meat spreads, and the like. Other convenient supporting matrices are those
comprising sugars or other carbohydrates, such as liquid or solid honey, molasses, syrup

(e-g- corn syrup, glucose syrup), treacle, glycerol or “Maxim Energy gel”™.

If desired the viscosity of the solution and/or the composition as a whole may be increased
by the addition of viscosifiers, gelling agents and the like. Such components are well-

knowq in the food industry and include, for example, plant-derived polysaccharides, gums



creatinine is a reversible reaction- The inventors have now found that, by
provi di ngw creatine in solution together with an appropri aPd\Ug¥siAR050f
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-conposition desirably has a pH between 2.5 and 8.5, preferably between 3.0
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i medi at va fipdr the oixplAnglion foro this ds¢rvatin jsrtbatuthe conversion of creatine to

creatinine is a reversible reaction. The inventors have now found that, by providing
creatine in solution together with an appropriate amount of creatinine the conversion of
creatine to creatinine {even in an acidic composition) can be greatly inhibited or even
substantially prevented even at ambient (1.€.2-39°C) temperature or above for long periods
(30 to 95 days or more). Thus, in some embodiments the composition as a whole may
~conveniently b¢ selected to be acidic (ie. have a pH below 7.0) or even alkaline (eg 7.0 to
8.5) without significantly adversely affecting the stability of the creatine content of the
composition. In particular the composition desirably has a pH between 2.5 and 8.5,
preferably between 3.0 and 7.0 and most preferably between 4.5 and 6.5. Typically the
composition has a pH in the range 4.5 to 5.5 which, to the human palate, has a

refreshingly sharp taste without being too acidic.

Compositions in accordance with the invention are substantially stable so that creatine may
be presented even in acidic formulations, contrary to the [teaching of the art, in
physiologically useful amounts, following storage for prolonged periods at ambient

temperature. A physiologically effective amount of creatine is an amount sufficient to
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The inventors have found that a 20° C increase in temperature can decrease the pH byras
much as 0.3 units. The temperature range to which the composition will be subjected (eg
in a refrigerator or a warchouse) is typically between 2 to 50°C. Desirably, the
composition will be sufficiently stable such that 75% of the creatine remains over the
temperature range of 2 to 50° C:following a peﬁdd of at least 30 days, more preferably 60 }
days, and most preferably at least 120 days, during storage. In order to specify stability it
is necessary to specify the pH (which must be measured at the temperature at which the
solution will be stored) at which stability is required. The pH is altered by warming or
cooling pf a buffered solution and over the range of temperatures that a solution may be
stored the equilibrium ratio of creatine: creatinine can vary greatly. However, if the

composition is stable at 50° C then its creatine content will not decrease on storage at a

lower temperature.

As mentioned above, the mole:mole ratio of creatinine to creatine to achieve stability of

creatine, is found to depend on the pH of the solution and ranges from 1:2 for pH 7 to
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0. 4g pefolu@ndan thencbamsstterflised enddpltye atovkersitionSd 2endi66nsl 0QMhis method of
- preparation, there may be little or no further conversion of creatine to creatinine and
stability is ensured immediately after mixing the two solutions. This method has
advantages because creatine is not very soluble in water when chilled in a refrigerator,
whereas creatinine is much more soluble. By producing a stable so'Iﬁtion of creatine by
this method it is possible to formulate a drink which contains a relatively larger quantity of
stable creatine than could be achieved otherwise. Thus by this means, it is possible to
produce a drink suitable for refrigeration which contains up to 1.2g creatine/100 ml (or
1.4g creatine monohydrate) or a drink suitable for storage at ambient temperatures of 18 to

25°C which contains up to 1.5g creatine/100m! (or 1.7g creatine monohydrate/100ml).

A further advantage of the invention is that it enables the provision of a composition which
comprises the maximum concentration of dissolved creatine available (under the relevant
condittons of pH and temperature), but using the least amount of creatine necessary, in a

stable formulation, and so does not require the use of excess creatine.
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performance improving substances, anti-oxidants, stabilizers, preservatives, and buffers.

Vitamins may be included with advantage in the composition of the invention. These may
~ be added in amounts which range from 20 to 100% of their recommended daily allowance
(RDA). The following are typical of those which are useful: vitamin E, vitamin C,

- thiamin, riboflavin, niacin, vitamin B6, folacin, vitamin B12, biotin, and pantothenic acid.

In some cases a lipid component may be desirable. The protein content (if any) may be
present as soya or milk proteins (e.g. whey or casein). The carbohydrate cdntcnt (if any)
or the composition may be present as starch (particularly soluble starch) and/or sugars. The

sugars which may be present in the composition include glucose, fructose, sucrose, lactose

and maltose.

Artificial sweeteners which can be used include Aspartame, Acesulfam K, Saccharin and
Cyclamate. Almost any desired flavoring can be added, most preferably fruity flavors

such as berry, lemon, orange, papaya and grapefruit. However, at less acidic pHs (e.g.
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Kg of prepared conposition may range from1.59g to 24g with a preferred
content of about 12g per liter. The normal serving size is in the range
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During the first 4 days of creati plenenta
consunption is about 2.0 liters per day, divided in 4 or 5 parts per. day
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edi bl e supporting matrices, the amount of creatine per 100g may range from
1 to 80g, (c%'ﬂd%g %rg@lqt AnyChE qﬁélﬂ&cmﬁ] Ottl:'leY, dgo%p%sft{og,mif desired, to improve the

appearance of the composition.

The mineral and trace elements can also be added in any type or form which is suitable for
. human consumption. It is convenient to provide the calcium and potassiurn in the form of
their gluconates, phosphates or hydrogen phosphates, and magnesium as the oxide or
carbonate, chromium as chromium picolinate, selenium as sodium selenite or selenate, and
zinc as zinc gluconate. Typically the amounts are:- sodium at 400mg/liter, calcium at
100mg/liter, chloride at 600mg/liter, potassium at 200mg/liter, magnesium. at 75mg/liter

and phosphorus at 50mg/liter, chromium at 125 pg/liter, selenium at 125pg/liter and zinc at
ISmg/liter..

For liquid drinks in which the creatine is completely soluble, the amount of creatine
(calculated as the monohydrate from hereon) per litre or per Kg of prepared composition
may range from 1.5g to 24g with a preferred content of about 12g per liter. The normal
_serving size is in the range 200-750ml, providing about 2 to 7g, preferably about 5g of
creatine.  During the first 4 days of creatine supplementation the recommended

consumption is about 2.0 liters per day, divided in 4 or § parts per day to achieve creatine -
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cont ai ni Y° %’?ﬁ‘iﬁaﬁnﬁ on for human consunption in which the creatine is
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of providing a solution of creatine;, and subjecting the solution of
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creatine and sufficient creatinine to render the creatinine substantially stable (as herein
defined) when the composition is mixed with an aqueous mediurm. Preferably the aqueous
medium is water or an aqueous solution. The method will also normally include the step
of providing water or an aqueous solution, preferably in sufficient amount so as to dissolve

substantially all of the creatine and creatinine in the composition.

It will be apparent to those skilled in the art that the order of addition of the components to
the composition is generally not significant, and any sequence of steps which provides the
object of the invention will suffice. Thus, for example, solid creatine and solid creatinine
may be added (simultaneously or separately) to water or an aqueous medium; or water or

an aqueous medium may be added to solid creatine and/or creatinine.

Accordingly, in one embodiment the second aspect of the invention provides a method of
preparing a creatine containing composition for human consumption in which the creaﬁne
is substantially stable (as herein defined), the method comprising the steps of: providing a

solution of creatine; and subjecting the solution of creatine to suitable conditions so as



The nethod typically will conprise the further step of packaging the

conposition in suitable containers e.g. glassor plastic .° QuER005f ) |
sachets, WPIH#m cans etc. Preferably the method is sucKRCIHER02848} ect i ng
t he sol ution of creatine to suitable conditions involves heati ng the

sol uti on above average anbient tenpergtsure. In one preferred nethod, the
solution is heated to 90C for 30 minutes. In a third aspect the |nvention
provi despatiaBy 1O EofferP HRP kR e e r, human
COI’ISUITptFOI’IHﬁI whi ch t he gt:etg%l %e&r gﬁﬁsltlgstthgnt ﬂ%a‘gﬁwe?‘zg%er ern®

def i ned) reuﬁiﬁrethﬁectrpﬂs@ecuﬁm resiilige tdeepositips substpmtmliydstaﬂgea(as dkoini QetirRfl).

- creati nex.pr. tion.of .cr inine; and_mXxing the solutions so
as to fo?ﬁ?éﬁ %%@u%l%ély cOr B Snthfjnt%%&f Tcptep f%ﬁ%aqkég%fg‘?c‘ioms‘él%dﬂl ni ne

“-met hod the pH of the solution of creatinine is preferably
—of the- solution of creatine. Desirably the pH of the solution of

t 0 rendesuitahie con@adickd g SIS baplhitdl ottt & Gichés, a'T'uf‘rhﬁqu}B cqﬁsf[ gped). In this

creatini th e sol uti n of creatine
< pr ef or b e HEmbARG nbPaufier P the <aiiet changetietS st loesaifon; 1 he
final pHovelvehaedas tledsdletuﬁll abdve avdragd bimbampachpéfuck nvﬁptohn;t)r%ﬁ¥ﬂdes a
nmet hod of prepari a creatjne containing conposition for

consunptd Oﬁ?ﬁ @ iy if Betpdigr I00e fors3Ogmimtesnt i al | y st abl e (as herein
defined), the nethod conprising the steps of. providing solid creatine;
providing solid creatinine; and mxing the two solids so as to provide a

resul tifg %dﬁﬁb%ﬂmb@wﬁnvemom\pm;dedlesmith@ﬂ of Drefieiagus csedit | |Cgﬁtauﬂqé)w des
a conp05|t|on in ere is sufficient <creatinine to render the

creatinées @8@?‘3%1@%‘1@“&)&%’!“5’“@%’1 e the qeriine i)substpniially stsble (ais dereiret hod
wi | f urdehiged)COBRRdBRA éd’l\ﬁnrﬁrﬁghé’fﬂeﬁdﬁ% Br esuF‘% aCSIOER{ORV@fIC?%EIItlglrﬁ paf'g?li 8"3323} fed

sol vent to ~substantially diSsolvet i'ng conposi
t he wat éplugipn &4 gestisingoindemixingrthe dobutione sstasrio | fosra wyultingicotpeatisent

and/ or /06 740 14 1 st 2005 PCT/ GB02/00884 In a
F1Tth asheh it 18 s MPRE CGRRGASu0 deien WEehrono o pramibngable drs herre
cont ai nidafinedyonposi ti on for human consunption in which the creatine is
substantially stable (as herein

In this method the pH of the solution of creatinine is preferably lower than the pH of the
solution of creatine. Desirably the pH of the solution of creatinine is in the range 2 to 3,

and the pH of the solution of creatine is preferably in the range 4.5 to 7 with adjustment, if

~necessary, of the final pH to the desired level.

In a fourth aspect the invention provides a method of preparing a creatine containing
composition for human consumption in which the creatine is substantially stable (as herein
defined), the method comprising the steps of: providing solid creatihe; providing solid
creatinine; and mixing the two solids so as to provide a resulting composition which, when
dissolved in aqueous solution, provides a composition in which there is sufficient
creatinine to render the creatine substantially stable (as herein defined). Typically this
method will further comprise the step of adding sufficient water or aqueous solvent to
substantially dissolve the resulting composition. If desired the water or aqueous solvent

may be pre-sterilised by heat treatment and/or filtration.

dvier than the pH |



defined), the nethod conprising the steps of providing soljd creati ne and
solid creatinine, or an aqueous sol ution of creatinine, the FUSERPGH ne
bei ng i n YA Eht quantity to render the creatine substF&TFEN{00884t abl e
(as herein defined); mxing the solid creatine with the solid creatinine
- or aqueous solution of creatinine; andyadding to the mxture an edible
supporting matri x. Advantageously, per#ormance of the nethods of the

second, thiar gan fQued har idfdhlidn Sa M r in .a conposition in

accordance with the Tirst aespec?)%c}g%|Sn%d%§%%%g$%%§a€ﬁgﬂaga3ﬁ%ﬁ%wg

DRAW NGScéthpesites: for hnuhafl cansngptiphis vdiicl the cosadiat iswbaon@ytstble (@hdérem g per
of .the initial concentration, respectively) in

100m , t 2 . .
sol ut i oﬁgg%%%}j%i"?‘glrf K SOBISHEbe S'FP%E Prvidigg selid pratingrneheghid preatiyine,Fi gur e

. 3.is a goapka@leohilQoRBbE IRyt fgzgfe%{r&?éwh%?ng%ie Pgﬁ%lﬁgéf}oi”%g%% )n in_

solutions of different pHs after ays I ncubatron (a

Exanpl e tie:crqatige substantiaghy sebler(es emipdsfintd)anixiegtthaelid epaent with itlensolids o

per 100 ercent of he initial concentration, respectively) .
agai nst Iie?r@}gev\%; %q%oﬁ X téonofatfc‘?rﬁ%{'c“i“f?é ag%lngattoi Hien &ixres gp ugdiblss” of
di f f er entuppbitibigwestdx ncubated for up to 95 days (as described in Exanple
3); Figure 6 is a graph of the nole:nole ratio of creatinine to creatine

agai nst pH for solutions stable after 6 weeks incubation at 39C (as

descri beg 44 | - Elgu 7 ] graph of the.nzale:.nole ratio of
creatini %g{dthé%ér egf’i%r? ?"5‘5‘5%‘%&9%‘13 [?%Pgdsso?%g‘? Sheonds f‘ﬁ%‘r gougiht %‘rrheffih HPERES
i ncubat i will @sulfiE,a @RGP @ittbnIRGet@rdantesatt e dritAsfeithRdbave Fi gure 8 is a

graph of the nole:nole ratio of creatinine to creatine against pH for
solutions stable after 6 weeks incubation at 22C (as described in Exanpl.e

S0l SRS e ggagsn ol ine o best (14 v = To.00
r =1. 000FigWen 22063746 gtaphEXAMRL &Satine concentration (as g per 100ml, and as a percent
of the initial concentration, respectively) in solutions of different pH against time {as
described in Example 2);
Figure 3 is a graph of the mole:mole ratio of creatinine {Cn) to creatine (Cr) in solutions of
different pH's after 124 days incubation (as described in Example 2);
Figures 4 and 5 are graphs of a creatine concentration (as g per 100ml, and as a percent of
the initial concentration, respectively) against time, where a mixture of creatine and
creatinine in solutions of different pH's were incubated for up to 95 days (as described in

Example 3);

Figure 6 is a graph of the mole:mole ratio of creatinine to creatine against pH for solutions S

Sm

stable after 6 weeks incubation at 39°C (as described in Example 5);

Figure 7 is a graph of the mole:mole ratio of creatinine to creatine against pH for solutions
stable after 6 weeks incubation at 2°C, 22°C and 39°C (as described in Example 5);
Figure 8 is a graph of the mole:mole ratio of creatinine to creatine against pH for solutions
stable after 6 weeks incubation at 22°C (as described in Example 5), also shown is a 7°
order polynomial line of best fit: |

Y = -0.001x" + 0.077x° - 1.693x" + 20.594x" - 149.615x + 649.397x% - 1560.34Fx +
1603.236 ' |

r=1.000



Exanpl e 1 15 August 2005 PCTI GBO2/ 00884 This exanple relates to a
convenient in vitro assay nethod for determ ning the conderftyayst 20850f
creati neWAOH0®30ti on. 1. The pH of each solution was dePEXfGBAYEOSHIth a pH.
meter. 2. Mxtures were stored in a dark cabinet at anbient tenperature
(circa 22C) in a |aboratory. 3. 2-3nﬂ1§f solution were sanpled after
periods of tine between 0 and 124 days and stored frozen at -30C until

anal ysed 'ﬁmﬁgjﬁi&el y or within one to two days. 4. Thawed sanpl es were

di ssolve]g{ rndistilled water to give a suitable dilution and the creatine
concentration of each was determ ned by the nethod of Harris et al, (Scand.
-J. din_ Lab, Invest. 33, 1974, 109-120). Briefly, the assay was perforned
in the ¥ra@plkck of (final concentration) 100nM triethanol am ne buffer pH

8.5; .10nM  magnesi um acetate; |nM EDTA; 30nM KCl ; 1nM phosphoenol pyruvate;

-2V ad i hosphate (ATP): .0.18mM. .

ni cot i ngﬁiﬁ e%&i@r%?n%—ag‘?snh%l%O%OFQ%VIF%thEéﬂ” O R (REPRY ; for  deferiping hase
(CK); pydomeaiteationndseafiiidn 2 @Ngkidact at e dehydrogenase (LDH). The
concentration of creatine was determ ned fromthe oxidati on of NADH

measured photonetrically at 340nm CK:Cr + ATPPCr + ADP PK: ADP + PEP-ATP
+Pyruvate: bRE P ANRL Ao NP ek AELAL Ry AR Rxampl e 2 The obj ect of this
thesta|f3| e At TeT

trial was to determne t y of C when heated at 90C at

di fferel pHbsumadvarhetsel i iatsrkl eftinedtat rAgRd: BROEALIE chef 299C) 0, 124
days. At QQ%the conversion of creatine to creatinine generally occurs
very rapi dI'fPOT @2/ 069740 16 15 August 2005 PCT/ GB02/ 00884

3. 2-3ml of solution were sampled after periods of time between 0 and 124 days and

| stored frozen at -30°C until analysed immediately or within one to two days.

4. Thawed samples were dissolved in distilled water to give a suitable dilution and the
creatine concentration of each was determined by the method of Harris ef al, (Scand. J.
Clin. Lab. Invest. 33, 1974, 109-120). Briefly, the assay was performed in the
presence of (final concentration) 100mM triethanolamine buffer pH 8.5; 10mM
magnesium acetate; ImM EDTA; 30mM KCi; ImM phOsphoenolpymvate; 2mM
adenosinetriphosphate (ATP); 0.18mM nicotinamide-adenine-dinucleotide/reduced
form (NADH); creatine kinase (CK); pyruvate kinase (PK), and lactate dehydrogenase
(LDH). The concentration of creatine was determined from the oxidation of NADH

measured photometrically at 340nm.

CK: Cr+ATP - PCr+ ADP
PK: ADP+ PEP - ATP + Pyruvate
LDH: Pyruvate + NADH — Lactate + NAD
Exa_mple 2

The object of this trial was to determine the stability of creatine when heated at 90°C at
different pH's and the solutions left at room temperature for up.to 124 days. At 90°C the

conversion of creatine to creatinine generally occurs very rapidly. -



Solutions in water of 2g creatine nonohydrate in 100m O,1Mcitric acid -

0. 1M pot assi um phosphate buffers at pHs 3, 4, 5 6 and 7'WRiBsheed at-
90C for 3W2gtd8. The solutions were quickly cool ed, tRCHEBEMIBRN had
changed) re-nmeasured and then left at roomtenperature as described in
Example 1. Aliquots were taken after 7,.15, 29143, 571 89 and 124 days and
stored at -30C and subsequently anal ys%% for creatine. The pH of each

| T trati f i nj ne. timated fromth
11 er ensB RS ey 4P F, GRARRIMEILESY 1EDERD L R eRg oM pogumne
measur ed phesphhtc Buffess eabpine3( 6akcslzal edvag hhgdRNohdeat 8 miRasy! tfhe As
(0]

shown in Figures | and 2, there was a rapid conversion of creatine

creat i ni frlulignsgierequicidy capledt dis phethistyhad-dwmged) retrhersanetiemt! thén tfnaer si on’

el s R BB

concent r & iand 124 duys end siBeid\@e00°80aandibicfeday snldied IfevGatile. BRLAHI J1e
reached stﬁbi i Hy at all pH's. Figure 3 shows the nole:nole ratio of

creat i ni FELATIPIC Mgt Msasuaed. o alhe 1pmeqnimation g eteeatingne diak festimnted pltbm fhicom

whi ch it i ' t ,of creatinine required to
Fonder ¢ hoerO PN CR b0 i B (e Heo i Dl SiraRly o e v of
conposi t ¢restinedpgicilaiedgs creembhoteydaitd). no creatinine it takes 4 weeks or nore
for solutions incubated at 22C to reach stability. The tinme taken to reach
stability increases the |ower the pH since nore creatine nust be converted
to creatReyung. The anount of creatinine required to render a solution of
creatine stable depends on the pH of the solution. Cenerally, the anount
of creatfhFlivevy iglishess | aed athers wistehragiecoomasision gfHtreatidews \edatinle Faeh pH- -

it is pagshhl redict . the ratio of creatinjne to creatine which would/’
achi eveqﬁ’%;?nnﬁﬁ#tg aBigﬁgrilgt‘ yﬁo}‘:’%ﬁ’pﬁﬁlﬁ e§te‘f"h%fr@6‘i"%"ét°“d¥ep?r?ﬂe§ ypPndhe pH<oftthe
det er mi nehitiog, &fifiepto@bssBieBRicibN®ith thd BRPHOP W | fror 3¢
creati ne, npnohydrate ggn thgagt ability of 'gr gat %\%bgﬁggif??%?é% gpvﬁfsrl;h%ft er
heat i ng et Hi theusreating camenirsiionemscared 0 Betwat® BRANBAZ401a37 the level of

creatine reached stability at all pH's. Figure 3 shows the mole:mole ratio of creatinine and

creatine at day 124 (17.7 weeks) at different pH's from which it was possible to estimate

the amount of creatinine required to render the creatine maximally stable.

Conclusion

Starting with a composition comprising creatine and no creatinine it takes 4 weeks or more

for solutions incubated at 22°C to reach stability. The time taken to reach stability
increases the lower the pH since more creatine must be converted to creatinine. The Y
amount of creatinine required to render a solution of creatine stable depends on the pH of o
the solution. Generally, the amount of creatinine required increases with decreasing pH.

However, at each pH it is possible to predict the ratio of creatinine to creatine which

would achieve maximum stability.

Example 3
The object of this trial was to determine the effect of creatinine in the proportion of

L:1{w/w) to creatine monohydrate on the stability of creatine at different pHs after heating

the mixture for 30 minutes at 90°C.



15 August 2005 PCTI GB02 /00884 Quantities of |.5g creatine nonohydrate
and |.5g creatinine were dissolved in 1001 of O 2M citrdPd\ugupt

‘pot assi uYQRHAH e buffers at pHs 3, 4, 5 6 and 7. The BGT/GBDPHEs4 wer e
heated at 90C for 30 m nutes, cooled, the pHre-neasured and left at
~anbient tenperature (22 C) for up to 927days. Results As shown in Figs_ 4
and 5, at pHs 6 and 7 there was no | osS" of creatine during the heating
peri od. - hut ogressi vel eater. | psses.occurred. at pH 5, 4 and 3
it mepgietilr ESPEERK Yot liRR a0 1 S PR Wers dissaieli Toogn gty

t here wa8.2b4 eiirate +106IM Jotdssiuhephdspeat bitEeR0R GER. at 508 48 7. NBIS@%Rion

- Conclusions _In the presence o_? a sufficient quantity of creatine I(OV\:FII ch
for pHs Bersghegier ot QAL defuaf migutess codded thhail ae-weiagired raad ileft at enbient ne:

. creatine; red e~9f 1 1) q.Creatine is exceptionally stable, even when
- heated for 84@%@4%:% g%?fg?%(])%%\ﬁaﬁ an insufficient quantity of creatinine

- ~(for sanples at pHs 3 and 4) heating for 30 nminutes at 90C resulted in

productign of sufficient creatinine also to render the remaining creatine
stabl e fBfSHts |east 95 days thereafter. Exanple 4 This exanple illustrates

a met hod i ti f greatine to formcreatini.ne_and .then
addi ng i?Q_%l})&g{?H lgig%?e%@d#ialﬁgﬁégn gif\ g ?%Seg}t(ife@tfr\? “&“%G‘r?g@ﬁ?‘i‘%ti on
whi ch i speriodb Sttt i plogressiablyegredbemivbdea nequaet it pIl 5i, 8 2@ 3iwigdirid1at t he

- concentration of creative remaining is close to its maxi numsolubility
such that it wll not precipitate out in the refrigerator at 3C. This is a

r equi I eneRhdOaBTRES oRENEE 308F pBRY benglidded in a  retrigerator
bef ore consunpti on.%x Step 15g oipﬁc':sr e(Ag I n%g’ng%%gs?%?g%ervgnaigw 6’56‘1 n 100
m 0. | Mredtngiconcenirdiiqpld iByreased heated at 90C for two hours. This

converted nost of the creatine into creatinine. The solution was cooled to
roomtenperature. WD 02/069740 18

Conclusions

In the presence of a sufficient quantity of creatine (which for pHs 5, 6 and 7 was equal to
or less than a weight ratio creatinine: creatine monohydrate of 1:1), creatine is
exceptionally stable, even when heated for 30 minutes at 90°C. With an insufficient
quantity of creatinine (for samples at pHs 3 and 4) heating for 30 minutes at 90°C resulted
in production of sufficient creatinine also to render the remaining creatine stable for at

least 95 days thereafter.

Example 4

This example iflustrates a method of heating a solution of creatine to form creatinine and
then adding it to 2 flavored drink containing creatine to give a concentration which is
substantially stable. Simultaneously it is desired that the concentration of creatine
remaining is close to its maximum solubility such that it will not precipitate out in the

refrigerator at 3°C. This is a requirement for most beverages since they may be chilled in a

refrigerator before consumption.

Step 1 5g of creatine monohydrate were dissolved in 100 ml 0.1M citric acid (pH 3) and
heated at 90°C for two hours. This converted most of the creatine into creatinine.

The solution was cooled to room temperature.



15 August 2005 PCT/ GB02/00884 Step 2 A solution was pr epar ed contai ni ng
59 creatine nonohydrate in 650 ml 0.1M citrate buffer at ﬁH\‘SJUé 2Q08om -
t enper at uVEQ OPBORYuUt heating. In addition, the solution cBAT&IHIYESES per
cent Aloe Vera juice, flavoring and dextrose to sweeten. Step 3 Sol utions
fromsteps | and 2 were then m xed togﬁgher and heated at 90C for 30
mnutes to sterilise the m xture and thé&n placed in a glass or pl astic
bottle an§l[ g qmat 22C. The d5 r.eat in:?ge nonohydr at e_added in step

r enai ned tar?t &l /S PERFE %’&?F‘?‘Bg St5edne sronohpdraten in %Qdﬂh@thThe

above dri nk whetate! BERe dtpH 6f & SRERERhpRhtuAC ‘%}g)oun &%C'@hﬁ&ﬁﬁ’o@”&e

creatine. In the _presence of creatinine it was e naxi’nm
sol ubility of SSlWimiceatainedds peredent 4breat or juite, 3Bvbsnghai dexirodg tolS0esten.,

(equivalent to circa 1.4g creatine nonohydrate). Exanple 5 It is well known

to those skilled in the art that when buffered solutions are heated the PH . -

-decr easesitepl BBnlatidhs frdro s@p? Mafid a6 therpﬁ%%aﬁéé&hé}qnﬁq{ea% L1 ol "1“010{30 4.75
at 20 Cwll on_warmng to 40 C change to pH 4°5. Conversely cooling a

buf fered sol utfEHISH tPISt‘?qfl'é? é‘&s@mwﬂsﬂ@—thﬁ hémdahamgm on plddtioi Bdttlabhiect

t he nol e: nol e e creatinine es to achieve stability
in accordance S\C,iﬂ% afthgzdrﬁ{el Z@ ﬁghlci?a 7g L}E?I}Q;lt}’ ragg’ﬁ%/dﬁl PPi f repgngl Thus
the ratio wil Isubﬂnmgﬂyfsfaem%b@ﬂinnlllaﬁoﬁ o@&h@oﬂ'ﬁa‘ﬂ Fﬁuﬁp 2.5:1 at pH 4.5. Thus
a conposition which is stable at 20 Cwill be changed to a new stable

conposition when stored at 40 C. The obj ect of this exanple is to

est abl i shpa ey t; yiredo~for stability at 2C _22C and 39C
over a ranggg%ﬁ‘ceo Hs ?ﬁ%‘g@p{;&é&s‘%}g@ﬁgg@ g%gl% OEPBEE?EHH” oufrreafing; {Ipthe

aci d- 0. 2Mepertcasef wma;mlnu&phatves thizftEl“tﬁataﬁlepi’ﬂaﬁmanﬁ ﬁﬂ%lﬁtyz%f"\ﬁ%ﬁmemir?paar ed-

2. Usi ng ol utjon 1. ab ve the follow ng solutionS were prepared at’ ;
room %g%ff‘@F é%ifi‘ér% rOQH‘tl KSratvadsine ks eircat ledd eresifef mpnettydpte3. 8 (1 g

in 100rr1) b) 67.06mM creatinine in buffer at. pH 3.8 (0.758g in 100m) c)
67.06nmM I%reatllnse nonohydrate in buffer at pH 8.25 ([gin 100nl) WO 02/ 069740
Xample

It is well known to those skilled in the art that when buffered solutions are heated the pH
dgcre_ases. Thus a 0.1 to 0.2M citrate - phosphate buffer with a pH 0of 4.75 at 20° C will on
warming to 40° C change to pH 4.5. Conversely cooling a buffered solution will increase
its pH. These changes in pH will affect the mole:mole ratio of creatine:creatinine
necessary fo achieve stability in accordance with the relationship illustrated graphically in
Fig 3. Thus the ratio will change from about 1.7:1 at pH 4.75 to 2.5:1 at pH 4.5. Thus a
composition which is stable at 20° C will be changed to a new stable composition when
stored at 40° C. The object of this example is to establish and compare the ratios required 3

for stability at 2°C, 22°C and 39°C over a range of pHs encompassing 3.8 to 8.25

Protocol
1. 02M citric acid-0.2M potassium phosphate buffers at pH's 3.8 and 8.25 were
prepared |
2. Using solutions from 1. above the following solutions were prepared at room
lemperature :- |
a) 67.06mM creatine monohydrate in buffer at pH 3.8 (igin 100ml)
b) 67.06mM creatinine in buffer at pH 3.8 (0.758g in 100m})
¢) 67.06mM creatine monohydrate in buffer at pH 8.25 (1g in 100ml)



19 d) 67.06nM-creatinine in buffer at pH 8.25 (0.758g in %gom%jstzslz%oéugust
2005 PCT, 5802/ 00884 3. Solutions 2a and 2c were m xed in varirou

proporti ong ¥E%68t ai n sol utions of 67:06mMM creatine monoRGHCRIYNE h

pHval ues as follows. 3.8, 4.0,4.2,4.4,4.6,4.8,5.0,5.2.5.4,5.6,5.8, 6.0,
6.25, 6.5, 6.75, 7.0. 7.25, 7.5, 7. 75,1_9‘3. 0, 8.25 4, Simlarly, solutions 2b
and 2d were m xed in various proportions to obtain solutions of 67.06nM
creatini ne at $yhg7 860w j tjcf § i ab .~D. Sol utions of
creatine rmnoh(?/dr ate anglégglgg%ﬁmdgfgﬁarﬂgfr#ggé%zsgg%g&ﬁ“]\)\ere m xed, to form
solutions of the correct pH val ues necessary to produce the nol e: nole
“creatini - ti ratios shown.in Table | (initially derived from
Fig. 3), @?nsgﬂgﬁsa a\l}grzﬁ Mo Pukeflghivariops propostensstorabinia splutiohweof 6TriGuMcat e
sanpl es ver ecgipaietydifte WilepEFIREES MRLGs.Capped and heat sterilised for

"-30 m nutes % 90C. 7. One set of sanples was stored at 2C, another set at
22C and 't he-fi dedh ddet-4s86x 8. 30, BR.5.4,8.6,A8,quot s were taken after 5 and 6

weeks for pih : nakLysLs 0 reatine by the enzym c net hod
O & S ot e Bl Ak

described in ont sanples for <creatinine by the

al kal i ne4pi Simalegy,melutiods 0bishd@d Wb miRe & Ve 'hf'kﬂﬂ L Gblid saifd=, poi nt
nmet hod; Ki t57s¢$ogﬁ3:’fi ed _b%/ Si gma- Al dri ch Conpany ElB te%?sttlﬁo%g é{isq;)‘gtll’ogléto? UK) .
Despite the'c SHptaingaf teisppe pH vejusaidendfiethih Trbbate. ni ne, the forner does

not gi vesarsslutfR@eF cRBiM bbb ine,.picrate nethod. 15 August 2005
PCT/ GB02/ 00884 20 Tabl e 1. M _e:r%jé’):égé PHAfigne °’%F§?Fﬁ1%4t“@f%ﬂéé@q, e
initially demeslitiorsxdii eorfect pi values neRsR8y zdyﬁohhé@thetxﬂ&@!m(ﬁ%%ﬁ%ﬁét hon
of creatinipe +.creatine is. 6[7 06mM ). I ncubation tenperature
reating ratios snown in Table 1 (initially derived from Fig. 3), in a final volume of
- 10ml in a glass screw cap tube. Triplicate samples were prepared.
6. The samples were capped and heat sterilised for 30 minutes at 90°C.
7. One set of samples was stored at 2°C, another set at 22°C and the final set stored at 39°,
8. Aliquots were taken after 5 and 6 weeks for pH measurement and analysis of creatine
by the enzymic method described in Example 1 and on the 6th week samples for
creatinine by the alkaline picrate method (using the “Creatinine Diagnostic Kit” end-
point method; kit supplied by Sigma-Aldrich Company Limited, Poole, Dorset, UK).
Despite the chemical similarity of creatine and creatinine, the former does not give any

reaction with the alkaline picrate method.



22C 39C Starting pH = 3.8cc/ 1CO 1Co/ 1 4.01 3.90 / 1@/]15%% t%)%lSz 75/
13.90/100/ 1 4.412.10/12.75 / 1390/1 4.61.1.55112.10 / 12 .

1.12/ 11. 5%9$306%#0 5 01 0.92 / 11.12/11.5511 5.21 0.80 / RETYHOPPIES; 1
5.40. 70/ 10. 80/ 10.92/1 5. 60.62/10.70/10.80 / 1 5.81 0.56 / 10.62/10.70/1
6.01 0.49/10.56 / 10.62 / 1 6.250.4311G449 / 10.56 / 1 6.50.38/10.43 /
110.49 / 1 6.750.335 / 10.38 / 10.43 /21 7.00.30/10.335 / 10.38 / 1

1027/ 1 & B radebooiitligd of silinSil o, dPaila et sode fin St AlAIG < o

the creatass thofinsitoixcosanpteipnfdf@reititns olcwédiis is srogavey at 39C showed

no si gnif+ecant—change-hetween weeks 5 .and 6 The nean change in
concent f at i dAcuhabion+0. 76 (SD 1.3.) rmo{l corresponding to an increasel of
_just 'VQ"L113gteﬂIpe9£tﬁ%i ng.W0 024089740 21 . .. 4900 | o -30°C
Starting pH =

3.8 w/1 ‘ /1 w/1

4.0 3.90/1 /1 ' /1

4.2 27571 390/1 w/1

4.4 21071 2.75_/1 3.90/1
4.6 1.55/71 21071 275171
4.8 1.1z2/1 1.55/1 2.10/1
5.0 0.92/1 L12/1 1.557/1
52 0.80/1 ~fo92/1 11271
54 07071 ~080/1 092/1
5.6 0.62/1 0.70/1 0.80/1
5.8 0.56/1 _ 062/1 0.70/1
6.0 04971 TT0s671 0.6271
6.25 04371 0.49} 1 0.56/1
65 038/1 04371 104571
6.75 033571 0.38/1 ‘ 04371
7.0 030/1 7 . 033571 0.38/1

125 027/1 03071 0.335/1
7.5 | 0.24/1 : 0.27/1 030/1
1.75 021/1 0.24/1 027/1
8.0 0.18/1 7 0.21/1 0.24/1
8.25 0.15/1 0.18/1 - 021/1
Results

Analysis of the creatine content of samples from the solutions incubated at 39°C showed
no significant change between weeks S and 6. The meari change in concentration was

+0.76 (SD 1.3) mmoll corresponding to an increase of Just 0.113g of creatine



15 August 2005 PCT/ GB02/ 00884 nonohydr ate per litre. The pepggidiagss change

from weekwo2aper46 i n t hese sanpl es was 1 (3.8)% which {gf 05&% sane

order as the analytical error of the net hod As shown in 39C t he

creatinine to creative ratio increases rapidly in sanples where t he final

pHis between 4.6 (circa 2.1:1) and 3.Z1(circa 10.0:1). Between pH 5.2 and

8.8 the rati,o to or below 1.0. At pH s greater than 6.0 the ratio
"3% %ﬁ?gF

decr ease¥on y Therpeaentiage changd . fiorh overks dtand 6ok tidde ﬁarﬁ;fﬂ@i wils 6:
creatine

Pespi te AREAGAn 16 AR, OLand ol L0 dupl. concent Latlons of creatlne

.and creatinine, there were C
i ncubation at 2, -22 and 39C (table 2). In all cases the solutions
39C had the | owest pH and those at 2C the highest pH The

i ncubat elﬁ aiﬁ
.f.i nal WETR & 15 Ot Ae3IG et creasininte: toogreatinm) raiibemtraﬁﬁedta@icﬂy@{ kagtleof -

Sl nce

" t t | ut
ener atygidte g%p fterlrag Ptt}?/g %ggﬁéséggoé;(cggg p‘ét;@érﬁ,g %ﬁq:% %ﬁ@”@ei ). Preet pHGL2 aid

~—increasin

conver si%h tf raredt qulttm or alolnillne, AR ;ﬂ«[@%“réa?eﬂ"’tﬂaﬁ%éet'ﬁ%)\lzﬁ a%?roge“

ions raiy conversion of creatinine to crea
rel eases gtn&%ellﬁlqe é’f‘éﬁ‘iﬁi O2dpgediontptty.8ad®.6:n pH, until equilibriumis
at t ai ned bet ween the concentrations of creatine and creatinine. The extent
of any change will depend upon how far the initial concentrations of

creat i n&eEME ¥p@agiatithe sane pt am \t/itt%@uaatcon@éiﬂ&'ahb&f SR AR creé?rg real eSt
when st giti ine or creatinine alone ?as i Pr%

i h t her creat
This can E\%r lea\K/dbﬁf%r(?B%? ‘%Hg at fe cof oA WWkFﬂIg:UEatwmm] 24 Bk dB9°C (taBle vveeks

Mncubatjop -t emseratar o o eroener sl S Bl elantl e feffor SimtiBe (i me

i ncubat |
to reac Igg PH &hmalmtcaxm lettpeiu'eetcteatlt&gC) The magni tude of the

change anr{@llél i nt erconversi on of creatine and creatinine is
dependent Upon  t cgggbé/ff o‘g CIERARYR PAthe RydwRer demedtvity aifdhe selatibm, ne, as

wel | as thmcbuidrmslnyeﬁ@@marwa&%séH@cré%g i Huix?cfi However, a know edge of
t hese f nabl es sol utions of known fiRal conp05|t|ons of creatine

and or t : Fr‘? ot ¢vERiteohetepinedd crafOni) 9@9&1@95 WhichW&HStes 298 gen

ions raising the pH, or, conversion of creatinine to creatine which releases hydrogen
ions and causes a decrease in pH, until equilibrium is attained between the
concentrations of creatine and creatinine. The extent of any change will depend upon
how far the initial concentrations of creatine and creatinine are from those at
equlhbnum and will be greatest when starting with either creatine or creatinine alone
{as in Example 2). Thiscanbe a slow process and, as shown m Fig 2, may take up to §
weeks with a solutton of low pH, composed initially of just creatlne {As the incubation
temperature it Example 2 was 22°C then a slightly shorter time to reach equilibrium
would be expected at 39°C)) The magnitude of the change in pH caused by the
| interconversion of creatme and creatinine is dependent upon the absolute
concentrations of creatme and creatinine, as well as the buffering capacity of the media
used. However, a knowledge of these factors enables solutions of known final

compositions of creatine and creatinine and pH to be prepared.




PCT/ GB02/ 0088 4 22 Table 2 The effect of tenperature upon ifigfidi9

sol uti on oWwocmaadiume and creatinine of 67 mmol/1 (conbi neg &@ce rat I on)
made up in 0.2Mcitric acid- potassium phosphate buffers, f %8/ Wk s

i ncubation toallow attainment of equilibrium PH @2C@ 22C@ 39C 4.03.73.6
4.54.24.0 4.94.64.4 5.14.84.7 5.35.04.25.55.25.2 6.15.85.9 6.56.36.4
(the starting pH val ue was essentially as that indicated for the sanples

i ncubated at 22C). The final nole:nole creatinine to creatine ratios of

h the same initial pH s were not identical in

"the sol ut r r
t he threqugfe sao?ﬂ?negﬁ }glt &oﬁ?glp%‘?/éﬂ"ma@esﬂ fim splugion, of tdreatimd andol e

creat i ni nerdatintuecaf I6meﬂﬁlﬂiy|%0m;nédh€0[§e%ﬁ?ﬁ%)? g{ggs ver e Oéﬁé?ﬂlp lé‘gqosﬁgi dg 0
n.

each other when these were conpared
Thus t he. PRESHER, phosphaie d)"éferaqaftb:r lﬁrmnksafm&ﬂia%how ,Qio“gr éﬁ‘“@*‘@w

creatini ngg@fibpufsf €erent pH are primarily influenced by pH and not

~tenperature. Fig 8 shows the nole:nple creatinine to creatine ratios of the
B ' Bat+eh—at-—22C

solutions at thWediffere¢nt pHs at The end of weeks—Hrretibats
togetherj with the 7thoder polynomal line wBf'ch bests this data
(regressjpon coefficient = @Y. The rat @22t edi ct ed by@ggo% linefare

! 4.0 37 36

2 4.5 4.2 4.0

X 4.9 4.6 4.4

4 5.1 ' 4.8 a7

5 5.3 50 4.9

6 5.5 : 57 52

! 61 53 59

8 65 6.3 64

(the starting pH value was essentially as that indicated for the samples incubated at 22°C).

The final mole:mole creatinine to creatine ratios of the solutions prepared with the same
initial pH's were not identical in the three sets of j incubations. However, as shown in Fi 127,

the mole:mole creatinine to creatine ratios for the 3 temperatures were very close to each

5 A
Teaner”

- other when these were compared with the final pH of each solution. Thus the. mole mole
ratio at equilibrium of solutions of creatine and creatinine of different pH are primarily

influenced by pH and not by temperature,

Fig 8 shows the mole:mole creatinine to creatine ratios of the solutions at the di fferent pHs
at the end of 6 weeks incubation at 22°C together with the 7" order polynomial line which
bests this data (regression coeff; iclent, r = 1.00). The ratios predicted by this line are
1dentical to those shown in Fig 3 obtained after 17.7 weeks incubation at 22°C, but where
the solutions were initially composed only of creatine and no creatinine. This confirms the

data in the present example.




_tenperat ures.

i dentical to those shown in Fig 3 obtained after 17.7 weekfs Af\gispdgdson at
22C, but waeimeofshe solutions were initially conposed onl (}f(;ﬁr at1 ne and
no creatinine. This confirns the data in the present exary%l & 82/ 069740 -
23 15 August 2005 PCT/ GB02/ 00884 Di scussion and Conclusions Starting with
sol utions conposed of creative to creag3nine in nole:nole ratios close to
those in Fig 3 to be those at equilibrium stability was reached within 6
weeks whd&lisctispionmieConvhisiveen 2 and 39C, and-before 5 weeks when i ncubat ed

at. 39C. - pragbably equilibriumwas reached nuch earlier at all three
SPething fﬁgl F‘g’é\)&[‘i’“ﬁsco@ﬁ%()f preptings tosercaligng @ atode:trwle rathsi dlescaid

creati ni tRssigIFii I 11 Be L Lt h.each other d y be used to
const r uct ol e rilg)IrBe% gtgiugossgg#| ég‘flig{%’l% \r%’tea%ﬂgyc“@éartef‘ﬂ@ a‘f’&ﬁ'ﬁygaﬂ’lﬁ?ekﬁ Va3, 8 to

.8. 8 whi cHoipriad eteeenwduind I%TE diditbefore 50 watkkss tvbh Sn@bdiddl b Byp. AlodiOOm .

t enper at at.a final pH of 4.6, the ratio of creatinine to Creatine
was 2. 1&1?&%?%‘?@?% WS g&3ched mychcelieraatr el thise benpayaiwresct Thal redults a

st abl e dshomk BOREAE b BGelae i€ alchiG 2B final. pH of 4.6, .the gnount of
creatinine to rraignt ain thtg t(grt(;jltael%i i tyeé(g?éﬁn%}eeg?elannl SF%?%%EE@?% gshy|  of
mat er i al OBFERhBRY A wsad to penstuét male:rpdle ofitids. &F drb@inial io0cieBtinc? 04y é}H 0:1
whi ch i sgaqRr@ed 83! i%he%ﬁfls and §,ro}\%des C‘a pal atable drink with an~acidic
pH. Conpositions wi S RSt & opfdempmgdigely bejapgiable gawilibriomy are al so
practical and have the advantage of econony of materials, but have the

di sadvan a%% of not bei ng so acidic and |ess palatable. Wth refrigeration
(e.g. 2C} PR (IMRFEYINS A ) & cofimalndb of 4%, ubefatio JfodredTHink s @{reﬁtinf.shlgg lar as
e the

those desgiji or. r.oom t rature. At 39C (considered to t
extreme o% é?ﬁggﬁqg%gpéeﬁtlwlgﬁ%f%ﬂ%f@ §1R@ Prastied tfopp stabbp dritk wgnaining e: ol e
rati o ofcreatineaBehiwne final pHaF A BemOfando®i Lf 2- and.defines. .t he | owest
pH for the .Eract i cal. range of cor_rpaOSi t ongFe grru% rﬁ?ﬁﬁ%lgpa’lrhgher%g@hfyn‘b%rtant
factor CHPHBBACFIESE Yewisalilofonatenaand iveptactici. eat b FinaBpHtofespifd Akl wm i S

H If tj : | i e, are mxed.in the proportions at which the
8ccur atﬁl’)&ﬁ 1.09 ARRKGE G ReI 80 ST provides a palata%ie 8etnk ‘with an acidic pH. Y

Compositions with pHs where the ratio is less than 1.0:1 are also practical and have the

advantage of economy of materials, but have the disadvantage of not being so acidic and

less palatable.

With refrigeration (e.g. 2°C) the compositions recommended as useful for drinks are
- similar as those described above for room temperature. At 39°C (considered to be the
- extreme of a high ambient temperature) the lowest pH supporting a mole:mole ratio of

creatinine to creatine of 1.0:1 is 5.2-5.5 and defines the fowest pH for the practical range of

conpositions for drinks.

The most important factor influencing the ratio of creatine to creatinine at equilibrium is
PH. If creatine and creatinine are mixed in the proportions at which they occur at
| equilibrium at a specified pH then these compositions will be immediately stable, as will
also be the pH. When the initial composition is either side of that at equilibriurn then
concentrations of each will move towards those at equilibrium. If this involves formation
of creatinine then the pH of the composition will increase, whereas if this involves
formation of creatine then pH will decrease. The extent to which pH is changed will

depend upon the absolute change in creatine or creatinine which must occur {o reach




equilibriumat a specified pH then these conpositions wll 1@@5{;@{9@@% ely
stabl e, aswagd2loso7@d so be the pH_ When the initial conposition is elther -
side of that at equilibriumthen concentrations of each WAGT/GRAMEBswar ds
those at equilibrium If this involves formation of creatinine then the pH
of the conmposition will increase, whereag¢ if this involves formation of ~
creatine then pH will decrease. The extent to which pHis changed w ||
depend UpB%“‘ﬁﬁ’%“"éB%‘BFhﬁ@f&mlg@apmwa&a& RGO TH BAL k 'eﬂ?o‘pé}ﬂ:cﬁQ L?ﬁﬁr‘it‘ Rd ¢
~to reach mg@é&%ﬂﬁé‘% 24 l‘%éAu ust 2005 PCT/ GB02/ 00884 equi P GATURY SR t he
buf fering capaci Ly of® PhaoWEs e njtial malpsmolesasin differs é@ohthetitichiiibie) Wi | |
be determ ned by how far the initial nmole:nole ratio differs .fromthat at
equili b_r_i_,g)m .Warmi ng or cooling produce an i medi ate effect on pH which if
not rever &M

equi i brimmgiahe. i.ng (e.qg.. refrigeration to 2C
~-sol ution already étértéatﬁﬁﬁ% Brrlt?%ffgﬂli“%é‘ﬂnttﬁea dFPeequilibiiim beatto Ifi ewliaggegt he

creat i ve IeBigemtivn &t 29 ds epiRA6 2 Q6] LA is Wil "pull back" to
Some  ext; ‘%}East 3@ initial elzj:?m*rec|ia;,1t 3?5‘??51?@%@6‘?‘%&%%‘%‘3% tbgﬁilf?cﬁgﬂ%b?@r e
settling at a- val HEaKRS penteiimbilee expensaof erahtiniSel PRATst b0l Y ('Rle; nol e

creati ni retehOthel Bk G0 - The tine taken to reach a new equil1brium
wi |l be great est at pglv{/ﬁ%tét.g) WERSWAT Ryt peolsisobefpreesatiling at haphersayi t h an

initial dkeYedhewmitial, ppedtingt, loivtr bR AEIRRESHL] f.creative and
creatini pe.were ini tlléhlrlaﬁ{n at, eqrui l'i brium %ﬁ{rﬁ%riﬁg%a%ﬁ? Tazia' ﬁiﬁl(‘mcttéf%lorre
degree towards“t'R& M Bl be myeatestat loy pHe. ﬁHthdahn&%tﬁlb%pﬁésité“ql | ower
t han t hahagpeh avig avd@hiiadecrald ; ﬁ&ﬁgﬁ&gi tion w/ll have a higher nole:nole

creati ni ﬁg@tio,tplrlea}l negg atio. creasiny ﬂ{erfé’mpﬂqswnﬁi AEesatiierapd crdatinine BN
t enper at Ritrtly af eriybbriauswilabgraaledbhaePeRas E?J;g% . npl e.creatinine’
g ba oo amﬁan%gdﬁi Lyl IQ@[-

to creatg i 0 t-han increasing the pH (by the

decr easi n:g}%tmearH teﬂifea%%r“élﬁ Se%ﬁé\?éﬁ g’éﬁf@{ dhanrtbritbere equinirigy bhdl eWokdpodapg” al | y
still bewilbistveathighee moi@hidld 805 rned rather than cool ed. For

sol ut i \C;\;}B of | ow pH __tlhe tinme tolrgllta%%)i ér%?%‘“ﬁé%‘%qﬁ??rlsﬁ?&@? PiESy inerequing e

| ong. Whef ERRSFSYEIT ot ways eause @ gesaed chingthi Gl ﬁlﬂfeu?@f}qg {S‘Zf}ee' t§,?:§ea ot

creati nqa@hdnsl eald-oi are,significantly renoved fromt
equi l i brium and, Cl\f\%ésg@ fl ee?éls étg’[ ﬁ{“? SA%icamagnifien) by decreasing temperature,

owever, attainment of equilibrium will generally still be fastest when solutions are

warmed rather than cooled. For solutions of low pH the time to attain a new equilibrium
. may be quite long.

lWhere _compositions are prepared in which the concentratioﬁs of creatine and creatinine
are sigm'ﬁcantly removed from those at equilibrium, and, where these solutions are then
warmed or cooled for prolonged periods, then both factors described above will apply. In
all of thes§ cases, however, the extent of change may be minimised if the immediate |
influence on pH of warming or cooling of the base solution (i-e. the solution in the absence
of added creatine and creatinine)is known and by applying the mole:mole creatinine to

creatine ratios described in figs 6 to 8 when preparing the composition

Ba i
sed on the data obtained above, Table 3 shows the creatmine to creatine molermole

rattos of solutions of different PH at equilibrium and the corresponding concentrations of

creatine (calculated as the monohydrate) and creatinine in a 500m] drink. For convenience

{819 caPKRgsProdhice on sntrictiatd cftopat ik WG GEERLALELAR Lo & oW



war med or cool ed for prol onged periods, then both factors @I@ggéljstpggo@bove

w Il applwodznse7ad|l of these cases, however, the extent of_ change nay be
mnimsed if the immediate influence on pH of warm ng or %%%??@@OW t he

base solution (i_e. the solution in the absence of added creatine and

creatinine) is known and by applying ths nole:nole creatinine to creatine

rati os detgcri bed in ;ifgs 6 to S when preparing the conposition. Based on
~the data BBEUCHUERIRBR erearialiself lahbem e if LR Bl P:a5hE A dRle: 0! e
. ratios 0fan§@ﬂe‘€oh?é?ﬁra%n%kfcf er.ent@E[E a(i equi | ibrium ang t%e corres%o di ng

_concentrations of  creati qeburealiryedty wey esrordingbhydr ate) and creatini ne
in a 500nml drink. For convenience WO 02/069740 25 15 August 2005

he concentration of creatine itself has been fixed in all

PCT/ GB02/-00884, t
: cases'”t'oIggﬁ’&E%Wﬂ@%ﬁaﬁyéﬂaﬁ@reathﬁm tduterts BE QEO0AH IdP ML T [ﬁ{fg,@,glgeﬁnse e
S. at’i ne

al | oned kfbr&tﬁﬁ&ﬁ@%?@d% taored at 22C for 6 or nore wee
~-Creatinine.pdmole Cu | no ér%ra'ﬁf)o‘ffobydrate g/ 500m. g/500nl 4.0 6.20: 1523.5

0.95: '163.6 5.5 0.80. 153.0 5.75 0. 72 | L5 VBN, 64 [L62 4 6. 25 0.59
152. 2 mole Cn / mole Cr monohydrate Creatinine
2/500ml 2/500ml
40 6.20:1 5 | 335
4.25° 3.80: 1 3 1ad
4.5 2.46: 1 5 93
4.75 1.68 : 1 5 A
5.0 1.20 : 1 5 Y
5.25 0.95:1 3 16
3.5 0.80:1 5 30
5.75 0.72:1 5 57
6.0 0.64: 1 5 5
6.25 0.59:1 5 )
6.5 0.54: 1 3 31
6.75 050:1 5 1.9
7.0 0.48:1 5 1.8
7.25 | 046:1 5 17

Example 6
‘ThIS example describes the detailed formulation of an acidic composition in accordance

with the invention.
The composition takes the form of a dry powder, which is to be added to water to
constitute a foodstuff comprising creatine, creatinine and Aloe Vera in which the creatine

‘is substantially stable.

_ Ingredients
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Thi s exanmg},

accordance
powder, which is to be added to water to

creati ne,
st abl e.

152.1 6.75 0.50: 1 1.9 7.0 0.48: 1 1.8 7.25 0. 46:1%54,933@@@ e 6
60%@9{4}“5 the detailed fornulation of an acidic cog;/)osi tion in
W Uoésﬂry )

e invention. The conposition takes the Fol/t#

of differ &tmid Mokalgaesé ents WO 02/ 069740 2@(%5 August 2005

Aci d (nonohydrate)50g Pectin

constitute a foodstuff conprising

creatinine and Aloe Vera in wpgch the creatine is substantially
Table 3 Estimted creatine and creatinjue contents of a 500njdrink,

PCT/ GB02/ &9884 xtrose Monohydrate300g Citric
(st abi | i zet 6. Srdydetedr i sodi um Citrate 0@ hydrate) 130y Beta Carotene
powder 3. Opehpf @asiiya Chl ori de2. 9g Grapefruit @ avour2.9g Trical cium
Phosphat e2. 1 g Heavy Magnesi um Car bonat e2. | 96 tamn Prem x1.8g Lenon
Flavourl. 8gt — -~ -~ . 5o, e

Trisodium Citrate (Dihydrate) 130g

Beta Carotene powder 3.0g

Potassium Chloride 2.9¢

Grapefruit Flavour 2.9¢g

Tricalcium Phosphate 2.1g

Heavy Magnesium Carbonate 2.1g

Vitamin Premix 1.8g

Lemon Flavour l.4g

Orange Flavour - l.4g

Aspartame 1.0g

Creatine Monohydrate 149¢

Creatinine 113g

Lyophilized Aloe Vera extract 44g

TOTAL 815.6¢

About 75g of the above mixture when suspended in one liter of matrix or dissolved in one
liter of water provides, per BBle serving, about 4.4g creatiﬁe, 8.5g carbohydrate, 1.25 g
Aloe Vera extract, (equivalent to 250 ml Juice), energy 34kcal (assuming a zero calorie
content for the supporting matrix), calcium, potassium, magnesium and vitamins (vitamin
E 3.4 mg, vitamin C 16.2 mg, thiamin 0.3mg, riboflavin 0.4mg, niacin 5 mg, vitamin B6
0.4 mg, folacin 85 pg, vitamin Bi2 0.91g, Biotin 0.08mg and pantothenic acid 2.2mg)
and traces qf protein, fat, and fiber. The solution has a pH of about 5.0.

V‘The creatine is substantially stable for at least 7 days at room temperature.

Example 7
This example illustrates the method of providing a suspension of creatine and a sufficient
quantity of creatinine in an edible supporting matrix to render the creatine substantially

stable at ambient temperature,

e’



Orange Flavourl. 4g Aspartanel. 09 Creati ne Monohydratel49g 1@%{;@@@1139
Lyophi |1 z%@,&gu\{era extract44g TOTAL 815. 6g About 75g of the above _
m xt ure when suspended in one liter of matrix or di ssol vedGHCBWE8%4 ter of -
wat er provi des, per 330mlL serving, about 4.4g creatine, 8.5g carbohydrate,
1.25 g Aloe Vera extract, (equivalent 450 250 m juice), energy 34kcal
(assumng a zero calorie content for the supporting matrix), calcium
pot assi um magnesium and vitamns (vitamn E 3.4 rug, vitamn C 16.2 ng,
thiamn 0.3ng, riboflavin 0.4ng, niacin 5 ng, vitanmin B6 0.4 ng, folacin
85 g, vi tEEegmonohyiate Kl gg) is GsoOBrey iandomBRDE 01 NenieiAsdd (% A08h pf@g@'

t f ; " and. fiber. The solution h H of £ B0 Th
oroatt ne 3252 fhe cofloniGiel Behie fotks 208Gt Thisiaymorts 75 G000 pRpEnALH 6
. Exampl e ahdtksimianptreatiihiid M 88 K MRATELAPH £ ppIAYLdiRG, o gd@ﬁgogfp'r on of

an

Creatine gnd a suffjcient quantity of creatinine’in ki ng
matrix t o' POHEHM PRosehatasphitionubotmgainalol wanthim bl @tthampdatant SERGEAL UT €.

WO 02/ 069 PCT/ GB02/ 00884 Creatine nonohydrate (1.79)
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the sol utiiownisedtedtihoin 20nbwhetissaddtd, 30 thehi U 00 per cent
of the creatine intocreatinjne z:nd t he plﬁheirgh?%rgwgﬁsrzeg ’i%(r)h%e%mﬁ the

addi t i on-'3f'8 TS ML tonRivSt sl im Whiok phatmicsalised oreatikoUs g @rB1Of
xant han guspeadedt h at.| continued unfil the gum di ssolved.
The mixture is t hgﬁe ?ﬁg’l?%gﬁ?%r%‘édbgg%“ﬁﬁt& §/°°g?£ %nynﬁocwm EREER e i n
20m  wat gfichepoiidbd suspedsivh gormisxd stid oMekhi-51id §& WiltPh ctALRE cHBMtES 0xUSi NY

. ; . . ; 0
a vortex_mxer to.qgive a gel in which the mcronised creatine I's un|1gorrr1y
suspendef l‘ypﬁgﬂ\W%Bﬁ’grbsui?ﬁ%f‘g?l@‘%t%bl%ﬁl?@éﬁé@rrﬂtIlqastcﬁbda@d. rapidly to room

t enperature at



whi ch point the suspension forns a solid or seni-solid gegéﬁ@thtgpa eati ne
content of 10Oy per 100m which substantially stable at 2 gps east 30
days. 15 August 2005 28 CLAIM5S 1. An aqueous liquid conmposition for human .
consunption, conprising dissolved creatine and a quantity of creatinine,
present ab initio, sufficient to render the dissolved creatine therein
substantially stable such that at |east 75 % of the creatine in the
conposition i mediately after formul ation remai ns unchanged during storage
over the tenperature range of 2 to 50C £8r a period of at |east 30 days,
the conposition having a pH between 2.5 and 8.5, the conposition being
fruit-ﬁH@hHﬂSIate- malt- or caranel-flavored. 2. A conposition according

I f
ot 1 ot (AR, btk Ry AR oG, ERBRAURE abTPluEL sraliiy 1o -

claim 2, fllii\d Whﬂ%&ilﬂgh@frta‘?iltomﬁ, meeeittlah mgLiv o soffednt ve fenddrethe: dixpdledd i s
not |ess Eﬂ%ﬁﬁnelﬂ%rﬁﬁdsu@%n{mryesltaﬂl%ns&hlﬁafl at A fP RS @e ch'%tordl n%sé o any

one of the preceding clains, "havin e range
conposi t | BHPRRSEMHRedigely) afiernfarm mm@nwxpmnchaugqé dueing etofagd- Gveb the 6 A

conposi t i @mpaetaediange b@ xk@lsmé foPaaVb&roﬁoP'dt'téhsE @9 4 Qgﬁw C(gmg sgnor)S A

composi tion. accolrl_g}) aim1, having a pH
conposi t | SN Hca ﬁtg’ ﬁn%ﬁes o‘Petq@?@PBF'é'%d’iew fﬂll&l r?hOCOdQ‘iﬁ“prmsllﬂ@f one or

nor e adohalrameiaﬂlavomaiponent s selected fromthe group consisting of vitam ns,

lipids, proteins, carbohydrates, polyols, amno acids, trace elenents,
"colorings, flavors, artificial sweeteners, natural health and perfornance
i npr oV2. n@w@aﬂomacooa@gw |cﬂmnt1§ in vetietbtle %66 f cRhEaRE e cdstine dle

-~ pbuffers. 4% 9&Hﬁa9ln1 %%O& '%tn% ‘téeot anggane of the preceding clains,
ugu

conpri si ng extrac
3. A composition according to claim 2, in which the ratio of creatinine to creatine (mole

: mole) is not less than 1:8 and not more than 5:1.

4. A composition according to any one of the preceding claims, having a pH in the range
3.0t0 7.0.

5. A composition according to claim 4, having a pH in the range 4.0-6.5.
6. A composition according to claim 4, having a pH in the range 4.5-5.5.
7. A composition according to claim 1, having a pH in the range 7.0-8.5.

8. A composition according to any one of the preceding claims, comprising one or more
additional components selected from the group consisting of: vitamins, lipids, proteins,
carbohydrates, polyols, amino acids, trace elements, colorings, flavors, artificial
sweeteners, natural health and performance improving substances, antioxidants,

stabilizers, preservatives and buffers.

9. A composition according to any one of the preceding claims, comprising Aloe Vera

extract.



29 10. A conposition according to any one of the preceding_clains, in which
the conposition is a drink suitable for human consunptioa5f¥@uﬂzm05

.conposi tion according to any one of the preceding clains, conprising a
creatine concentration of at |east 0. |5gl100nm. 12. A conposition
according to claim 11, conprising a creatine concentration of at |east

0. 3g1100m . 13. A conposition according to claim1l., conprising a creative
concentration of at |east 0.49g1100m29 14. A conposition according to claim
11, conprising a creatine concentration of at |east 0.5g1100rnl. 15. A
CoNpositl NcARFRitH LR a%%n@foftcﬁ@plﬁéﬁﬁ L1%8hsC i b liRen m@%g&g&r%&gneat | ne
is present in the formof creatine nonohydrate or creatine phoSphate. 16.
A met hod 5?3698%5PWﬁ63@ﬁhéaﬁééﬂgmmﬁﬁwpd creative containing composition in

accordance with claim 1, which conposition is fruit-, chocolate-, malt- or

caranel. - flavored. the thod conprising the steps of providing, in the
sane c&&p@%???‘g?ﬁmo%fi%@gﬁ%do @P%zrﬂ‘)'ﬁerfgj tﬁ%d"%‘%ﬁfl‘ﬁ’gcqli‘éﬁls’ EPPRIPWE feCregiiRsent  ab
initio, toomwenoaior dfeatdesa.ilfig/108mificiently stable such that at |east 75%
of the creatine in the conposition inmmediately after fornulation remains
unchanged during storage over the tenperature range 2 to 50C for a period
of at Iéadt c@opasyan acFordingrest tlatin ddc ocompriging @ atainm cbfcertamiphicfiandedshe St ep
of m Xi ngogyg/mpus medium wth creatine and creatinine. 18..A nethod
according to claim 17, conprising the steps of providing a solution of
creatine; subjecting the solution of creatine to suitable conditions so as

at | eass. Anaiipcliah deorRR/RY Ualitq 1 CESAbIfIF b UrEliRR doREdEraribR B GPYealOF M N
suffici ené1 creatinine to Trender the cr atl%'le In e orasul I'ng comnmposition
‘substant i 14391 Mple. so as to forma conposition in accordance with claim
1. 15 August 2005 30 19. A nethod according to claim 18, wherein the step

of sublfcgin t he. sol ution of . .. ) )
. A composition according to claim 11, comprising a creatine concentration of at least

0.5g/100ml.

15. A composition according to any one of the preceding claims, wherein creatine is

present in the form of creatine monohydrate or creatine phosphate.

16. A method of preparing an aqueous liquid creatine containing cemposition in
accordance with claim 1, which composition is fruit-, chocolate-, malt- or caramel-
flavored, the method comprising the steps of: providing, in the same composition,
dissolved creatine and sufficient creatinine, present ab inifio, to render the creatine
sufficiently stable such that at least 75% of the creatine in the composition
immediately after formulation remains unchanged during storage over the temperature
range 2 to 50°C for 2 period of at least 30 days.

17. A method according to claim 16, comprising the step of mixing an aqueous medium
with creatine and creatinine.

18. A method according to claim 17, comprising the steps of: providing a solution of
creatine; subjecting the solution of creatine to suitable conditions so as at least
partially to convert the creatine to creatinine, thereby forming sufficient creatinine to
render the creatine in the resulting composition substantially stable so as to form a

L3

composition in accordance with claim 1.



creative to suitable conditions involves heating the solutjion above anbient
tenperature. 20. A nethod according to claim19, wherein tTReAugsst#008n of
creative is heated to at least 90C for at |east 30 mnutes. 21. A nethod
according to claim 17, conprising the steps of. providing a solution of
creatine; providing a solution of creatinine; and m xing the solutions so
as to forma resulting conposition in which there is sufficient creatinine
to render the creative substantially stalfe so as to forma conposition in
accordance with claim1. 22. A method according to claim 21, wherein the pH
of the | At f S{d O t han _t he of the. solution pf the
resul tﬁﬁ %Ioﬁl&(@g? alcg(?]rﬁgng {Hr ? 1séjlnlﬁlgl%;’r{eérlg rlmnneql 3ep fﬁ%‘fm%camgc@& lﬂ‘fﬂjmt BPC| ai m
22, V\herelcrlie&"rli’é [ @‘ﬂtab}@e woilonpninyblves ebtdtingnéhd ssalutidoheaborangmbnb t 0

3.5, and tibgofhhef. the solution of the resulting conposition conprising
creatine is |n the range 4.0 to 6.5. 24. A nethod acccording to claim 16,
conprising the steps of: providing solid creatine; providing solid

creat i ey rﬂ&h@mcbfaﬁhg Mpclﬁiﬁi i 9lSwhGcSthé oGy b%re%uﬁ@%suhéa'céa% A£qEREsT tion
whi ch, Wh?&,ﬁ tssol ved ueous sol ution, provides a conposition In
accor danc tIAT &Y 15psh 39 ‘minules. |

21. A method according to claim 17, comprising the steps of: providing a solution of
creatine; providing a solution of creatinine; and mixing the solutions so as to form a
resulting composition in which there is sufficient creatinine to render the creatine -
substantially stable so as to form a composition in accordance with claim 1.

22. A method according to claim 21, wherein the pH of the solution of creatinine is lower

than the pH of the solution of the resulting composition COmprising creatine.

23. A method according to claim 22, wherein the pH of the solution of creatinine is in the
range 2.5 to 3.5, and the pH of the solution of the resulting composition comprising
creatine is in the range 4.0 to 6.5.

24. A method acccording fo claim 16, comprising the steps of: providing solid creatine;
providing solid creatinine; mixing the two solids so as to provide a resulting
composition which, when dissolved in aqueous solution, provides a composition in
accordance with claim 1.





