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Containing Creatine, Creatinine and a Methyl Xanthine
wo@ia73bo t he I nvention This invention rel at eSP€DGB2004/000707
conposi tions for human consunption conprising creative
and creatinine and at |east one nethyl xanthine and
to a nethod of providing such conpositions.
Background to the Invention In the |ast few years
there has been considerable interest anong athletes in
creatine, which occurs abundantly in skeletal nuscle.
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in the liver, kidney and pancreas it has been known
for sonetinme that the oral ingestion of creative wll
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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,
swimming, weight-lifting etc). Endurance performance in events lasting longer than about
30 minutes appear less affected by creatine supplementation except where this involves

short periods of increased energy output particularly when the local muscle carbohydrate



short periods of increased energy output particularly
when the | ocal nuscle carbohydrate WO 2004/ 073420
WOEMDAGERRD4/ 000707 2 stores have becone depl er€UGB2004/000707
Creatine is a normal food conmponent and is not a drug
and its use is not contrary to official regulations.
It is possible that the greatest benefits of creatine
suppl enentati on are experienced by the elderly,
veget.ari ans, oy  thgse wha eat no at or fish, since
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: t gt ' 1S i oral i | I .
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drinks, especially fruit-flavored drinks, are acidic.
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unstabl e in aqueous solutions at acid or neutral pH,
and is converted into the related conmpound .
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t hat aqueous drinks for human consunption conpri sing
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Under these conditions most of the creatine is converted to creatinine.

The inventors believe that it would not occur to the persons skilled in the art to add
creatinine (used hitherto as a meat or savory flavoring agent) to compositions which were
intended to have a flavor (especially a fruit flavor) other than meaty or savory. The person
skilled in the art might have expected the addition of creatinine to result in an unpalatable
combination of fruit and meat flavors, whereas in fact the inventors have found that the

resulting combination does not impart an undesirable meaty flavor.



resul ting conbinati on does not inpart an undesirable

nmeaty flavor. WO 2004/073420 PCT/ GB2004/ 000707 3 WO
w@Q720045@800 di scl oses an aci di c conposition for PCN&B2004/000707

consunption conprising creatine and its derivatives,

the conposition being provided as a dry powder or in

liquid or sem - liquid form The conpositions

di scl osed therein are stable at refrigerated
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ial concentrtati of creatine in the conposition.
Bot h WD 97/ 45026 and WO 00/ 74500 stress the

desirability of preventing the conversion _of creatine .
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consune _drinks containing nmethyl xanthines. The

concepiphgn ok ersatiieniadhe f@mposifielss of chemi cal conpounds
whi ch include caffeine, theobrom ne, and
t heophyl I ine. These are present in coffee, tea and

Both $PO0H/45026 8/ WO 004500 stxap i Airabiliepbf pRvesting the conversion
caffeine, in tea caffeine and theophylline and in
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have desirabl e pharmacol ogi.cal effectsg. They act as
creatigiie jf A RTAE £ORAL FOBRNRIY PiEnde] Ry Hmat g Simption.
decrease fatigue, and increase the capacity to work.
The nost studied nethyl xanthine is caffeine. Caffeine
A verys highr propottaml gf deepopulstnatdrsetne sdrirds deomraning mpetbpl anthines.
Gragham (Sports Medicine 31, 787,2001) after a stu of .
The feanyl; Kabingy Gr° coridridel SheaRCal aFaTBfoHRd n%cssmcﬂfée caffeine,
theobZdiin f Gnd ttﬂéfogﬁﬁ;liﬁe.atﬂ%sg ra?@bfﬁs}exﬁ%orffe@f t) HLHSBE. The major
speed’ and r-lTonger tine. us, it increases power,
methypeacthi@th @it iacdeing) is iteidadfednt addhephyhine andde cocoa caffeine
conditjons. It is also useful as an anti-soporific for
and theolFIniBEopl e who for social reasons wish to go to bed
| ate and for people such as drivers who nust stay
awake.

The methyl xanthines have desirable pharmacological effects. They act as stimulants, are

anti-soporific, elevate mood, decrease fatigue, and increase the capacity to work.

The most studied methyl xanthine is caffeine. Caffeine is particularly useful to athletes
and sports people. Graham (Sports Medicine 31, 787,2001) after a study of the literature
concluded that caffeine enables athletes to train at a greater power, with greater speed and
for longer time. Thus, it increases power, speed and endurance in simulated and actual
race conditions. It is also useful as an anti-soporific for young people who for social

reasons wish to go to bed late and for people such as drivers who must stay awake.
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stimulates the netabolic rate and it is used in a
woeoober34ed preparations for weight reducti on. PGEGERAEE/000707

of these above-nenti oned pharnacol ogi cal properties,

caffeine is an inportant iggredient in soft drinks

such as the colas to which it is added on as a pure

substance or as Guarana extract (Guarana is a pl ant

L ndegenous_to f he basi.n_ whic con ai ns .
Caffelfy it ARRIP o SRR P AP, 1 Ao ) DURDEopEpreparations for
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significant effect. Over several weeks the creatine
wi Il accunmulate in nmuscle as phosphocreatine and be

The RYEiteadH ﬁguf:s@é'd Edrfiyy th‘h@ Felan by i8 SCERE rv@}ﬁéh el that after one
opposite true of caffeine- or other nethyl

day thearntahe oy samdjudntitdsdeft itnthepineslatbogi cal effect from
just one drink is inmmediate. Thus, creatine and nethyl
xant hi nes have very different pharnmcoki neti c
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creatmafé@amﬁneamuﬁiemya&amﬂmbhe ergogeni c acti on of nruscl e
creatine | oading, such that the two substances were
ant agoni stic. The present inventors have noted that
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drink: one drml? Aﬁgg ng) Sl-,;/rll(i;“ﬁ:ar?togfée%? 07097; several weeks the creatine will accumulate
in muscle as phosphocreatine and be available for energy production. In contrast, the
opposite is true of caffeine- or other methyl xanthine-based drinks: the physiological effect
from just one drink is immediate. Thus, creatine and methyl xanthines have very different

pharmacokinetic profiles in the body.

Secondly, Vandenberghe et al, (1996 J. Appl. Physiology 80, 452-457) found that caffeine
counteracted the ergogenic action of muscle creatine loading, such that the two substances

were antagonistic.

The present inventors have noted that Vandenberghe er al described three out of the nine

test subjects as having reported varying degrees of gastrointestinal distress. Moreover, the



5 trial conducted by Vandenberghe et al utilised very
hi gh daily doses of creatine (40 grans). The present

w0 poeiotaee prefer to utilise | ower doses of crBEL/GB2004/000707
since, after initial saturation with high doses of
creatine (e.g. 30 grans/daysfor about 3 days), high
| evel s of <creatine in the nuscles can be maintai ned
by a daily dose of about 3 grans. Summary of the
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as _drinks) in which cre rovided in
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an edi bl e supporting matrix. The term "creatine" as
used herein is intended to enconpass all bioavail abl e
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p. 920-929). This pr esents a problemin attenpting to
provi de drinks or other nEosn tions containin
The t@neatctetaam ‘hapmsedihsray |ls:@|tqn§i seengompasul bwa‘é@bgtei darivptives of

dri.nks are. usual for at ed so as_t
erearfif) iy & eatgaince el o Mp e Shne i SO gt i, orcarine.
Creafifdl ﬂoﬁ&@d@sﬁé’ id pEEURMDEER &K AbSorARgWE®E tergd C&ehtR” should be
and creatinine in aqueous solution and, in particular,
constiimel tebidly twhere theecostgut pérbrisum posi ti on by the use of
buffers of different pH Unfortunately the work of
Edgar and Shiver does not offer any useful practical
As e%%ihﬂl@@ Ghotd f‘th@ W1 RASWR lthzltl tﬁg dréhtinb em@l%&ul@‘cm aqueous solution is
ating beverages and other nutritional
unstabmmmiaﬂlgms acitlir i €vertzllow eBsD Heinkicoavdryed thheeatinine (Edgar &

ublication by Edgar & Shiyv very ol d nd of
Stivgiui8PS T et SPen b D W0 e (RIS Shtig 1128 Biochem. 1.

22, ﬁ@% @?§)ed ’?)ﬁg 8&@&&9@1 T)% Aérgd ' ﬁﬁéﬂlﬁ%go g[growde drinks or other

ormulati ng erages, oes not
compositions containing creatine in physmlogu:ally useful amounts, especially as drinks are

usually 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. Firstly, 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 beverages, and does not have a
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the formul ati on of beverages. Secondly, and nost
w@e@aifise@nt | y, Edgar & Shiver conducted thei PCT/GB2004/000707

experiments using extrenely dilute solutions of

creatine/creatinine (0.001) equivalent to 0.0149¢g

creatine/ 100m , creative nonohydrate having a

nol ecul ar wei ght of 149): whilst these are
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extensive conversion of creatine to creatinine is
likely to increase the pH of the conposition, as the
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may change the pal atability and be undesirable to
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ubl e i.n
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the inclusion of excess creatine is undesirable, as the presence of undissolved creatine in
drink formmlations 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.

In a first aspect the invention provides a composition for human consumption comprising

creatine and a quantity of creatinine sufficient to render the creatine therein substantially



approach expl ained below. In a first aspect the
i nvention provides a conposition for human consunpti on
w@owpoTE2Ng creatine and a quantity of creatiPCTI6B2004/000707
sufficient to render the creatine therein
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stable (as defined below) in an aqueous nedium the
conmposi tion further conprisi ng a nmet hyl xant hi ne. The

creat ontent of the co on i b
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methg e corrp05|t| on as a result of the conversion of
creatine into creatinine. It will be apparent fromthe
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conmposition may be provided as a |iquid,
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be 1n§i€:g§§ uentckz?g%&ljt {lllpgﬂcﬁ\}lvaé{yf é@llggvglcéﬁ;ugéérg E{bic:: ?culate the exact dose
ofcrgaﬁﬂi@%? S in which the creative is suspended in a
Iquid or a supporting matrix the creatine
content for the conpositi on is preferably subjected to
a mcronisatjon process . crushing, pulverising
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ition s not unaccep
t ext ure Convenl ent ly the supporting matrix, if
present, is a recognised foodstuff, such that a ) )
For cpapesiions shwhish deeeneatirecis suspepdedhia 4 sepdriguishomha junpekiéng matrix

the cifint SRR T hOBAeh 1s SRR R, S LR7R itk apisagion process

(e.g. S&hélﬂng r S érieng Wﬁgsﬁﬁpﬁe dag) ipliok he nﬁ&ﬁﬁ&taﬁf)ﬁ into a semi-

mpl es of foo stuffs which may represent suitable
hquléupmth@n suppotting vetrif ep thitethe crepdting icompositiphds not unacceptably

i nvention include spreadabl e solids such as
grltty n texture.

Conveniently 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”™.
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conveniently be selected to be acidic (i.e. have a pH
substyg;aélwpyemntqg} evED b agbieRt (1@2-(3ggC)7te(1}1perature or above for long periods

(30 to 95 days or more). Thus, in some embodiments the composition as a whole may
conveniently be selected to be acidic (i.e. 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.
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have found that a 20 C increase in tenperature can

decrease the pH by as nuch as 0.3 units. The

The 1§§ﬁ?§1§ f}félgé %lgﬂnﬂﬁt 5 o0 GRrdale i RIRPIthieCinMdcteal€ the pH by as

much as 0.3 units. The temperature range to which the composition will be subjected (eg

in a refrigerator or a warehouse) 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 period 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 of 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
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In thish@e@88idrqHepithtich, herBhay 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 solution 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 0.8g creatine/100 ml or a
drink suitable for storage at ambient temperatures of 18 to 25°C which contains up to about

1.5g creatine/100ml (or about 1.7g creatine monohydrate/100ml).
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preferably no more than 8g per day. The inventors believe that maximum daily doses of
creatine in this range will achieve creatine saturation reasonably promptly, and be more
than sufficient to maintain creatine levels once saturation has been achieved, but will

reduce or avoid entirely the gastrointestinal distress observed by Vandenberghe et al.

The composition of the invention also comprises a methyl xanthine, such as caffeine,
theobromine or theophylline. Although theophylline is extremely active, and commercially
available as a pure compound, it is primarily used in the management of asthma and is

generally thought of as a pharmaceutical. Accordingly, caffeine and theobromine are
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may include electrolytes, or may be selected from the group consisting of: vitamins, lipids,

proteins, carbohydrates, polyols (such as ethylene glycol, glycerol, sorbitol etc.), amino
acids, trace elements, colorings, flavors, artificial sweeteners, natural health and

. performance improving substances, anti-oxidants, stabilizers, preservatives, and buffers.

In particular preferred embodiments the invention provides an “energy drink”. This may
be similar to existing methyl xanthine-containing drinks (such as Red Bull*™ or cola
drinks) but containing added creatine and creatinine. Existing cola drinks and Red Bull*™
are generally very acidic (about pH 3.5). Such a low pH is not ideal for a creatine-

containing drink, as very large amounts of creatinine would have to be added in order to
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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 content (if any)

or the composition may be present as starch (particularly soluble starch) and/or sugars.
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used. Citric acid may al so be used as an acidul ant and
citrate and phosphate (e.g. sodiumcitrate or

PrescPh@isehédnthe prdvaleld mﬁd;ﬁealiyrm paaRium Gebeatebufif@rporgsium sorbate.
agents may be used to regulate the acidity of the
drink. Also other natural health inproving substances

cotoffy PBe RS B TSGR e PR eyl Bt o et
carotdde NN Ofet fiabid ébi@ﬂﬁ% s WG dpparenioHhes sHIRQl Raht an,
nyrrh, hydroxy-nethy- butyrate glutamne, di- tri-

and pol ypepti des cont ai ni ng gl utam ne, ribose,

feine, and Li p0|

A clou c{mg ageht may be cfud? 8 m the composition, if 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 potassium 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 125pg/liter, selenium at 125pg/liter and zinc at

15mg/liter.



Preservatives can be provided typically by potassium
benzoat e and/ or potassium sorbate. Coloring can be
w@eaviore) typically by using a cold water solBWi/eB2004/000707
colorant such as beta- carotene. O her suitable
colorings wll be apparent {9 those skilled in the
art. A clouding agent nay be included in the
conposition, if desired, to inprove the appearance of
the conposition. The mineral and trace el enents can
al so be added in any type or formwhich is suitable
[ tigl t r
For R b et 13 OB hI0pel IO of creatine
(calchted ap atieemonginalspb dt@s hereony genfjea opipes Mmb‘épl;epamd composition
magnesi um as the oxi de or, carbonat chrom um a

may ’i?ﬁg% AioTL éﬁé@l%ﬂaf"’éth %BTeg’ﬁF‘?S]n‘E%ené 83 YA théeror The normal
servﬁagﬁo%% 6 ot gg g@ﬁ 7@6{& %vﬁ}#%% t Tyg,uﬁfegéﬁbl&hﬁoout 5g of

unts are: - um a ter

creatih@OnUDUutih@r theC fiksr hddagd cﬁOGfeaﬁhe t @ipplep@hesioh Utheatrecommended
200ng/liter, nagnesium at 75%” iter and phosphorus )
CODSImPtMrig,abqﬂtté’rO liggs ofa dasi, alivided iy 4 pr @parisee AR M eghicve creatine

e 39/ 5 R e DBAAS 8 N0 ARRHR Qg 230 o

creatipk @@bfdwd SsuTfifRhelfd0oreodibt & mhlitain RRufiioaf creatine
(cal cul ated as the nonohydrate from hereon) per litre

or per Kg of prepared conp05|t| on may range from 1. 5g

o 5Bt DL SCELEPNL S 2 OO BB, o amouns
of cré‘%ﬁgﬁ;ép%Og Qﬁzﬁ)e’ fag%u BGrcRaul §od @:aicﬂlat&f &{ efcalhy nRRORYdrate from

creati ring the first 4 days of creatine
hereoslmﬁﬂnb@reﬁ&tmdlpmmiamazc ec omthencege Sdo rﬂ@@gnnowdmgsbfahve@n 2 to 10g

liters per. d divided i r 5 parts per day to,
(orefiably i’ ef ekeerine DRHOENGE A ?Oﬂs. v§ It %fﬁﬁ%%auwgﬁ%en‘faﬂon the

ecoxﬁfﬁé eﬁ%gﬁ%uﬁ%%nﬁ@ 31"&1319 ogll onkii 1U'tP QSg%Ptdaf d39d& into 4 or

crea rovi eve creatine to
5 partsBpentday 1o MWmaMammmmtheftmu@aﬂomvenlower doses
sem -liquid or other edible_sup ortlng matri ces,

over arkmmr peréwd - 2a39 Jadlypler 41‘@@58}1’&311 hayiegBe ﬁ%rawffeqtoTB@g}s followed
by OIEN eefr Ejfesq Opae?ml%fl %%ﬁg %%nﬁﬂﬁr?g%‘» astlga%%{ét%g] ttg %ﬁ@gg a W&intenance

Ion Si

levelré!f@waﬁhélg betvveen 2 to 10g (preferably 5g) of
creative. During the first four days of creatine

suppl enentation the recommended consunption is a
The %?es E)rr]lsalls%nrefa?enst t%lanﬁgl%o& (())f tn(l)aki?nSggmg eccr)m(}j)gélmon \cllefd ne% above 4l“hus in
a second aspect the invention provides a method of making a composition for human
consumption, the method comprising the step of providing, in the same composition, a
methyl xanthine, creatine and sufficient creatinine to render the creatine substantially stable
(as herein defined) when the composition is mixed with an aqueous medium. 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 methyl xanthine, creatine and creatinine in the

composition.



5 parts per day to achi eve maxi mum creative el evation

in the tissues. However |ower doses over a |onger
w@enom4te. g. 3g daily for 4 weeks) will have PCEGB2008/000707

effect. This is followed by one serving of suspension

daily containing 3 to 59 creqtine to provide a

mai nt enance |evel of creatine. The invention al so

relates to a nethod of making the conposition defined

.above. Thus,. in ecand t the inhventio
te wil P ponegntdS ot st Al G DL B o1 A9 Ol gpmponents to
+LI5 o . . .
e OSSR L nch, OE NGRSO o b Rp i provies
objecx anfit the niayemtiomatvilb euffivd. s Thfis,cfanexampdat solidneethyl rxanddne, solid

the creatine substantial]ly stable (as herein defined
creatifi nd 398 d FrFsBanG 18k bes2ddpd éﬂ“%lt?ﬁe%ﬁlya%u%a@t%dﬁouwﬁgef or an

bl . . . 4 .
oaue ORI Y SRS P Bl S0t K RAHErantine
creatihik @pd/@k cpsa@Mindi Ng wat er or an aqueous sol ution,

preferably in sufficient anount so as to dissolve
substantially all of the nethyl xanthine, creative and

creatinine in.the nposition. Q4/ 073420 .
AceoBfiiie Tl 5BhEent BT Piset B B8 PP Bvides 2 method of
prepatitis! 4 8fdatife EhiRaidily don@osiida fof UemaR fcoRdiftiptiofn Gihiél ehe creatine

conponents to the conposition is generally not
is sulsstaptinily stabte, (aahdreim jefreghethe anethod cempprising die pepvafd providing a
the . object of the i.nvention wll. suffice. Thus, faqr.
solutfoR o TghiTc 41 SHOYOSE F SRITHER of Fpapine PLabE cqpghtions so as
partia‘igl b CORRAT ithH REcalRY 18 rafdRsk, (@bl RGNS biFiefent creatinine to

séparately) to water or an aqueous” nmedi um or water
rendarthanreatine outhenresliltimg oaypdréticdgddtantallyostatde fast rein defined) and

.xanthine, creatine gnd/or creatinine. Accordingly, .in .
addingplat &R SHEREHT APARLE B yla¥pilipeof 1 Haethad avaipatly Wwill Comprise
[ " . [ tai ji .

the R0 67 of pAPLRAR Bt colpRRtEhl idRE T8 Malr plasic
bottled( @#l sachets] Slusmidismevans edcl y stabl e (as herein defined),

the nethod conprising the steps of: providing a

solution of creative; and subjecting the solution of

[ N suLt ab it ] ans . aS ially. "

pref G0 O FeliBody i d FOEHbE A AR o BElAet i condicions
invol$él SN the s6MtibAI 4R vE CavefAirdembicAe tehpahiuRe | th tdhe preferred

resul ting conposition substantially stable (as herein
methadftheselptiamds heathdi taPOC atfon Ay minwigs) an anount of

nmet hyl xanthine. The nethod typically will conprise

In a third 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 a solution of creatine; providing a
solution of creatinine; and mixing the solutions so as to form a resulting composition in wich
there is sufficient creatinine to render the creatine substantially stable (as herein defined),

and adding (at any stage) an amount of methyl xanthine.

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,



the further step of packaging the conmposition in
sui tabl e containers e.g. glass or plastic bottles,

w0 odo4/osHehet s, al um ni um cans etc. Preferably PEEGB2004/000707
nmet hod i s such that subjecting the solution of
creatine to suitable conditipns involves heating the
sol uti on above average anbi ent tenperature. In one
preferred nethod, the solution is heated to 90C for

0 i o third. t,the ] ti i.d i
o (2l pptagu crgeirecs BRFHRY B ARSI RS bt ausment, i
neceds@ty, B IRTiHOPEUERAS A8ild W Ch the creatine is

substantially stable (as herein defined), the nethod

conprising the steps of: providing a solution of
sqQl ution_of creatinine; and

creatine; providing a ] C ..
In a ot §oRE IR Teevides fomPBPtOl PiERETRS dgcreatine containing
comfSFRA! il Sublioh S iHup L ALAL L LEOUP LR nen
defindd), i the aethodabomprisiing ghé ateparvf: pradéing asvlidn@eatine9fproviding solid
methyl xanthine. In this method the pH of the solution
creatgpne; ppdMiking dhe Eve)palids satss yo peide 2 Fesnltingecogmosition yehich, when

dissog\%ldu hl o ué)cIus ¢ Ecﬁ%&ﬂ epﬁcgfc?é L gglc%néogﬁig%l_'\i,%f \E%](hgﬁ / él%léeztzllé Oglufficient

creatinine 1S 1

creatitfind {68204/t Brédtine dubsandallyhgaBIEl (& hdrbR cféfh%&)', %{ﬂcri] QHding (at any
07 W

creatine is preferably in the range 4.5 t
stagey @ @moneinet methyl xangeisearkypicelly thie nfettsl widHurthet hemprise the step
sired.l.evel . In a fourth aspect the inventjon .
of e G rpich o P R do Rt RETE it fhp resulting
compeRfiiRAS| If ABsifedr tH! FRfer COHN AR AdIVeRt WkiE bel BR-sterilised by heat

creative is substantially stable (as herein
treatrdesftiand@y filiratiom. met hod conpri sing the steps of:

providing solid creatine; providing solid creatinine;

and m xing the two solids so as to provide a resulting
In a GRAP Skt Ofhe WAk ERionBRSVidedd! § SUNGE o i ini
. asol ut ?%Bn, pF\ggﬁ eéon\ggcoﬁpos???otﬂn&?r?[fw{?@%ﬁ%ﬁgrge%ne containing
compesifibh doreimarc cestimptioe it ohichnile crdatire ¢y edkiavidally stable (as herein

_sybstantially stable (as herein defined), and addin )
defmﬁét tlgntyethgql SgEprigRg AR steps of PEtigipE sHdh craagiae and solid creatinine,
TyDj . i el her . ri.se..the
or s YREER! Lo e AR o AEB FO IR IS (0 rener
the clalisd subkiaatidlly cthisls ¢hy/kertheiefiasd)t hiikeg tBOBFIRBEfh@® with the solid
desired the water or aqueous solvent may be
creatiping. of aquecps selubgn (éareatinincatadding @heanpstage) en amamt of methyl
sannlfh; 3k hAdile 38 RRThruali0S o YSOL LS B oMhlge & method of

prepari ng cre

It will be appreciated that the methods of the invention may involve addition of a methyl
xanthine as a substantially pure substance, or as part of a mixture. In particular the methyl
xanthine may be added as a constituent of a plant extract, especially a caffeine-containing
and/or theobromine-containing plant extract (e.g. an extract obtained from tea leaves,

and/or coffee beans, and/or cocoa pods).

Advantageously, performance of the methods of the second, third, fourth or fifth aspects

will result in a composition in accordance with the first aspect defined above.



conposition for human consunption in which the
creative is substantially stable (as herein defined),
W0 b@4or4bod conprising the steps of: provi di ngP&DGBR004/000707
creatine and solid creatinine, or an agueous solution
of creatinine, the creatinifpg being in sufficient
guantity to render the creatine substantially stable
(as herein defined); mxing the solid creatine with
eat i ni ne or aqueous sol ution of

Brletf:ls‘ésgpipﬁoﬁé"f 234G (at any stage) an anount of nethyl

FigureQ N {Hd"L arcPfd %)l?sd@ﬂ the cEéhtﬁlE‘ ‘éoﬁ@eﬁrh‘t’iﬁl @8 gesrblodmi, and as a percent
supporting fatrix be appreci ated that the

of thnfemitmliscanf:eﬁtManapmtmlyjam saiviadng eofadidferémnpldf against time (as
xanthi ne as a substantially pure substance, or
descrétéedp‘Hr XaH’ka’aESri‘i xture. In particular the nethyl
xant hi ne may be added as a constituent of a plant
extract, especially a caffeine-containing and/or
FiguteHeisty gaph of d@rmelaenmig rificapit crea&tmlaﬂCr() éo greaane é(?@t) ra@elutions of
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result-in a composition in accordance with t
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Creat;l%%é)(igéé}%g%fl q:rgntw%ﬁshg%gu?? te&lrégg{; ﬁgf%%ays (asg aescnbed in
Exan?;ﬁ@@fnt ration (as g per 100nml, and as a percent of
nitial concentration, respectively) in solutions
of d| ffer ent pH agai nst time (as described in Exanple

: gure 3is a g Ighofthem)Iem)Ieratloof
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atinin solutio fferen
Figufe & b Beag v s olEcingls vy of piealiiae o Pisafing Feaes gfpfog sotutions
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creatinine to creatine agai nst pH for solutions
ordeﬁpabh@mﬁﬂhﬁé oﬁbmﬁl&s i ncubation at 39C (as descri bed
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The present invention is demonstrated by the following non-limiting examples and related

figures.

Example 1

This example relates to a convenient in vifro assay method for determining the

concentration of creatine in a solution.

1. The pH of each solution was determined with a pH meter.



stable after 6 weeks incubation at 2C, 22C and 39C (as

described in Exanple 5); Figure 8 is a graph of the
wordoemake rati o of creatinine to creatine agaPCEGBRId4/000707

for solutions stable after 6 weeks incubation at 22C

(as described in Exanple 5)jgal so shown is a 7' order

pol ynom al line of best fit: y = - 0.001x'" + 0.077x6 -
1. 693x5 + 20. 594x4 - 149 615x3 + 649. 397x2 - 1560. 343x
+ 1603.236 r = resent_invention is o -
2. M’é‘ﬁﬁﬁ%t"?eé‘? SRy ltlr?e g%ﬁﬁgatnaﬂbﬁe%ffil?%a%%ﬁﬁr% 22°C) in a

§J ated figures. Exanple 1 This exanple rel ates

to a onvenient in vitro assay nethod for deternining

3. 2thel of golueoh vadre campledcafeat pernds rofdime between. 0 hnd TH2d days and
g@ of each solution was determned with a pH neter. WO

o [r9753u3t0 3 @&P@Q@@MB@W diately or WRWS@tQHeé@ tye days-
4. %geﬁ Cgainglegl or a 8%&%@ cﬁéﬂ%ﬁbdvﬁ?l[ %ear @151%?6 Elﬁﬁt’icﬁ@and the

Utl on were

cévitink @dn@hti@fiow of l‘:&lﬁhSWQ@c détbfﬁnb@bwitb@ nféttddoflBdrris et al, (Scand.
days.and stor ed frozen at -30C until anal ysed

Ji rotiad i Teabe | Ipvest. $d.t 119%4 df8-128) vﬁri@faysthe Assayhwak gerformed in the

| di vt '
iR of Bl SR ReMahOm doBiriL riefian iR rRe ifinSe.s: 1omm
rﬁ%‘h’ésﬂﬁﬁls allehier T AEDY A ;heom®i hod; Oimivbrﬁhbgptﬁknéi?yruvate 2mM
din. Lab. I'nvest. 33, 1974, 1

aBemcesﬁneyr;pholaphaaess(ayTRbs QoS nanimammeadgn@%ém@eleoﬁde/reduced
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rﬁéﬂéﬁl&d}i;phbtoﬁﬁtﬁm&lylatﬁa@m( CK); pyruvate kinase (PK),
and | act ate dehydrogenase (LDH). The concentration of
creatine was determ ned fromthe oxidation of NADH

CK: TE@s ur %qqlphotonet_rg cal | ypal 34Gmn CK O + ATP --~
PO+

PK: ADP + PEP — ATP + Pyruvate
LDH: Pyruvate + NADH — Lactate + NAD
Example 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 monohydrate in 100ml 0.1M citric acid — 0.1M potassium
phosphate buffers at pH's 3, 4, 5, 6 and 7 were heated at 90°C for 30 minutes. The
solutions were quickly cooled, the pH (which had changed) re-measured and then left at
room temperature as described in Example 1. Aliquots were taken after 7, 15, 29, 43, 57,
89 and 124 days and stored at -30°C and subsequently analysed for creatine. The pH of
each sample was measured. The concentration of creatinine was estimated from the
difference between the starting level (2g creatine monohydrate) and the measured level of

creatine (calculated as the monohydrate).



PK: P + PEP -+ ATP + Pyruvate LDH Pyruvate + NADH -~
Lactate + N Exanple 2 The object of this trial was to
waledenm4ne the stability of creative when heatRdr/aB2004/000707
90'C at different pH s and the solutions left at room
tenperature for up to 124 dgys. At 90C the conversion

of creative to creatinine generally occurs very
rapidly. Solutions in water of 2g creatine nonohydrate
in 100m 0. 1Mcitric acid - 0.1M potassium phosphate
buffers at pHs 3, 4, 5, 6 and 7 were heated at 90C
Resuft¢r 30 m nutes. The solutions were quickly cool ed,
the pH (which had changed) re-neasured and then |eft
As shatwn molBigutes nip ench? uthereawasl e gepidinodvénioBxenpeaing. to creatinine after

i.guots were ken after 7 29,. 43, 57 89 and
the 3@2@%&@5@%}% « B eer e St gTronfBision denprdedinarotle gH of the
solutibR! b&he sssprﬁ%ﬁEteibfwuh%e oW BH € RSt QPR 86 day§'& further
concen on 0 reatini ne was estl mat e t he
declimti frf éreemeatmbmntrnﬂnm stamrtedng Beoweeln 3R gnd riRdt days the level of
nmonohydrate) and the neasured | evel of ~ creatine

creatipg z¢achpchstaliliss ak albpbhon JRigeica: B0Ws\ibs Tduseleuesie of creatinine and
creati?lglt ?%quﬂl (9997\9geks)r29t dlggl%lﬂlt @ﬁ sAﬁ‘oﬁ‘PQI hI if vxFas g)%g§§le]to estimate
ere was conversion o creatl

the mﬁb@tﬂtdf@téh@mﬁ{et&@uéd@ raﬁ)demtnwmsﬁmhxmu Heiwyer, the
extent of conversion depended upon the pH of the
sol ution, being progressively greater with the | ower

on storage for 30 days a further decline in the
Crealine concentration occurred. Between 30 and 124
Startlﬂgmtht iléoMpMﬂhoth:ompﬁﬂﬂg b]f&&tlﬂ[fﬁﬂﬁhaﬂ ciehidining iitt tykest 4 azlebks or more

for sodﬁtéonsdrp re\?}@% gé‘hﬁ %reigustg%btw ik att%gng(l?‘ ;q%r@]? gt 111ty mcreases

the 1MFESHE SN MHCHoH cMBEnPRRRE BE @ohPerfsll io”@t‘é@ﬂmh@e The amount of
anount of creatinine required to render the creative

creatiminei nequited totrabdes a sChriohies icomtingstablei d@gemdstqm the pH of the solution.

sition comprisi.ng creati.ne and n reatini [
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each ¥ [t68@RssiblRbbl frédict heratib B chaiaimetto dreal Sttath hiduld achieve
increases the lower the pH since nore creatine nust

maxipancgehibtt ed to creatini ne. The anount of

Con

Example 3
The object of this trial was to determine the effect of creatinine in the proportion of
1:1(w/w) to creatine monohydrate on the stability of creatine at different pHs after heating

the mixture for 30 minutes at 90°C.

Quantities of 1.5g creatine monohydrate and 1.5g creatinine were dissolved in 100ml of
0.2M citrate — 0.2M potassium phosphate buffers at pHs 3, 4, 5, 6 and 7. The solutions
were heated at 90°C for 30 minutes, cooled, the pH re-measured and left at ambient

temperature (22 °C ) for up to 95 days.



creatinine required to render a solution of creatine
stabl e depends on the pH of the solution. GCenerally,
wo b@samaent of creatinine required increases WETGB2004/000707
decreasi ng pH However, at each pHit is possible to
predict the ratio of creatigyne to creatine which
woul d achieve nmaxinmum stability. Exanple 3 The obj ect
of this trial was to determ ne the effect of
Res 1ﬁﬁr)eatini ne in the proportion of 1:1(ww) to creatine
nohydrate on the stability of creatine at different
As shBiR iRTHI&. 4h8Rts "8 pHsheadl * e WfaQ ho 3&s"8f%éa@§1e@hnﬂg%e heating
Quantitfes of 155 creati ne nonohydrate and 1. 5g
penod;r Satallbiuh progeessivelysgehter tbssas otOfmed @fpH 6, QMthtwmh gme.
0. 2M pot assi um phosphate buffers at pHs 3, 4, 5, 6 and
7. The solutions were heated at 90C for 30 m nutes,
Creatﬁl‘a%ltﬁﬁlh tc!%@uﬂ?é'(ﬁ ﬁteal ?Psurjﬂﬁ%}?ﬁg b&hl Pihefi™Ra8Rben a trend for the
fenperature up to 95 days. WD 2004/ 073420
creaumw@mt@mmomeasezl Results As shown in Figs. 4 and
5, at pHs 6 and 7 there was no | oss of creatine during
the heating period. Small but progressively greater
ConchiRfi®S occurred at pH5, 4 and 3 with tinme. Creatine
stability occurred at all pHs. At pHs 5, 6 and 7
In thet presenceas aesufiicient tquentityfarertatise (whightfonpHs o demid Atwasrequal to
‘to i ncrease Conclusions . In the grese ce of

or legyfihpg; 2nveightdetie yCIERIRPEaCTHREDE WP B?dé‘i‘tepgg E1),gcreatine is
excep?iﬂﬂal?y WRBIC A Witn Héatéc?ﬁ(i‘ 8¢ %nﬁteg"eitg%ﬁ C.2l%h an insufficient

reat’i ni ne! creative nono y rate of creatine Is

quantﬁ)(@)épteaﬂﬂmlel(forsshﬁ:lplas at p¥isrB afdet) Heetihe torf 3 mBOites a1 WOEE resulted
at 90C. Wth an insufficient quantity of creatinine

in prequstion Mpmdicient Graimngalgo Ly m@%ﬁrl the TeBRINEE fTtipe Stakle for at

in production of sufficient creatinine

least %fé:jsetgéyreén%er the renmmining creatine stable for at
| east 95 days thereafter. Exanple 4 This exanple
illustrates a nethod of heating a solution of creatine

Example fflor m creat i ni ne and

This example illustrates a method of heating a solution of creatine to form creatinine and
then adding it to a 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‘cr_eatinine.

The solution was cooled to room temperature.

Step 2 A solution was prepared containing 5g creatine monohydrate in 650 ml 0.1M citrate
buffer at pH 5 at room temperature, without heating. In addition, the solution

contained 15 per cent Aloe Vera juice, flavoring and dextrose to sweeten.



then adding it to a flavored drink containing creatine
to give a concentration which is substantially
WG e@blog3426i nul t aneously it is desired that thePCT/GB2004/000707
concentration of creatine remaining is close to its
maxi mum sol ubility such thaip it will not precipitate
out inthe refrigerator at 3C. This is a requirenent
for nost beverages since they may be chilled in a

Step § SREOEH He3 sph TN Rlch s Tilhter i o R I RE for 30
( Phin@es &ﬂ@tenh@&h@ chigturd41@ thed plaved madiglass diflsstic bottle and stored
converted nost of the creatine into - creati-nine. The

set 2IGnThass ewelieomerolydinsie addnddn sten e renstingsl subatantially stable
sol ut i.on ni.ai ning 5g creatine
ﬁﬁ%%%d‘fl%‘ﬁ\%mp fg%?){u}ﬁ?p%% fL[ citrate buffer at pH 5 at

roomtenperature, wthout heating. In addition, the
solution _contained 15 per cent Al oe Vera juice,

The appyg, Srink §hen Plased in B £073108 b A1 Hid Wb PICROmY 9bereatine. In the
preselE %}f?g&%‘l{ Q%Q%o ﬁhgtﬁp x§ﬁbﬂﬂ tg é)? e%.gg%ﬁ} % rrefngerator

Vere then m xe toget her an
at 3°C30 aboutriu2 €$00ml (Stevalentte ctrbaal.ﬁfg)ctaatme mmdomyzhatepl aced
in a glass or plastic bottle and stored at 22C. The
59 creatine nonohydrate added in step 2, renai ned
tantially stable upon fornulation of the final
Exan%}igguct. The above drink when placed in refrigerator
It is w¢ll Bd>wh do tlutse pkidled pi ttlat &t dhat vdrepdiiffeeed $alutidns are heated the pH

decreg%es ce g)floﬁ%rqe%%r%g |pﬁ?0 S fm%d t.hat h%%{a&{{pc will on
Warm%%gﬁﬂtélol @%%%Q@(gﬁ%'(‘éﬁ#f@ﬁ& 1ylfo ?é E‘Bui’fer%g sSf &ah 'V\'ﬁﬁ increase its

ohydra nown to t ose
pH. Tksd tteshgenint 1€ valltaffebiathe \M[tﬂétnhl]lé taioesl csedtinticosmsinateenecessary to

achic it 0 ASUPIRCeVl i i TR O Rip PSR aRgE e 3. Thus the
ratio Wﬁf Sﬂaﬁ e iQ@nftihdut ¢ h’alr‘&epﬂ 278kb 4.1 #B0VeS SAll GRAJIRBiR which

d solution wll Increase its® pH These changes
is stab]n qDElOW(I bvlléfobeﬁhangeﬁeto raohesv Riabke goatpositioh when stored at 40° C. The

i ne; creatini ne necessar achieve stabjlity..in |
objech b6 BReINEBDIR E HO EHAbD) S %ﬂ%ﬂﬁrﬁs the Tt Fegd for stability at 2°C,
22°C H@PICH dr ¥ rhaflreld H%en&ﬂﬁﬁas%ﬁ 34Rtgesw il change from

aoutl?lglggf% g1atpH45 Thus a
conposi tion whi ch |s st abI e at 20 Cwill be changed
to a new stable conposition when stored at 40 C. The
Protocol
1. 0.2M 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
temperature :-
a) 67.06mM creatine monohydrate in buffer at pH 3.8 (1g in 100ml)
b) 67.06mM creatinine in buffer at pH 3.8 (0.758g in 100ml)
c) 67.06mM creatine monohydrate in buffer at pH 8.25 (1g in 100ml)

d) 67.06mM creatinine in buffer at pH 8.25 (0.758g in 100ml)



object of this exanple is to establish and conpare the

ratios required for stability at 2C, 22C and 39C over
wa@20angE2of pHs enconpassing 3.8 to 8.25 Prot oPOGI/GB1004/000707

0.2Mcitric acid-0.2M pot assi um phosphate buffers at

pH s 3.8 and 8.25 were prepared 2. Using solutions

from1l. above the follow ng solutions were prepared at

room terrper ature : a) 67.06nM creati ne nonohydrate in

- Pl 3Einet SeresmatagBa ropguians 1€ PO afgne of o7.06mM
cféraﬁﬁé maﬁoﬂyayﬁawmm valeb ¥ folowal pH 8.25 (1g in

creatinine in buffer at pH 8.25
3(8) ?lEIBgi 2,n4 10am, 4.8\ .2064/. 6743426, 8T/ GB2004/ 000707 23

63 oBas Snd T bt b2 Bo) TR O- 81287, 6 cr eat i ne
. S%R%EIV qgﬁhﬁn%ﬁﬂ gn%@dé;@éié“ﬁg %15 ‘Q% oﬁé’ﬁéopo:ﬁté&g 3: é)%%n sélutions of

6%.06mM cratinife Gt the e pH Saluds idontiffedlin Battives.
Simlarly, solutions 2b and 2d were m xed i n various

. Sphugpey of eresting memoBYdatolng: ¢resinieg frogy sepHi @de%twmi@ meixed, to

R s R e B

1 bR RPne3rafinsl sKowve e TABIY qd(mlhﬂly f&ivedsROMIFieNS), Qﬁ atfidl volume of
correct pH val ues necessary to produce the nol e: mol e

1emb i 4 glaprescrew cap el nkriplivaiecemplasWwere prepaptde 1

tially d f

- ThempEs wéed GopdE Gpd bl s ttor b fule AR bao 1 'oe ©

. OMRI'sBt Bf 1880 wab stol L a6 29®] SRRt §epp|d aﬁdﬂ@héﬁﬁﬁ;ﬂ set stored at
sterilised for 30 m nutes at 90C. 7. One set of

38anpl es was stored at 2C, another set at 22C and the

. Yo ETRES bF kb asei e A HRRRYGRL Grlyels of creatne
bG8y bgitﬂ SEHELE PRI BRARE MK Snles for

sanpl es
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.



creatinine by the al kaline picrate nmethod (using the

"Creatinine D agnostic Kit" end- point nethod; kit
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Dorset, UK). Despite the chemcal simlarity of
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ratj of _creat ne ta creat e DL dded
Tabi oMl miolq Foiton of CreadButien tritfnn B adasAohrmile § (o o
e

Rcdion0/ L 071 4.2 2.75 [ 1390/ To/ L 4.4
2.10/1 2.75/1 3.90/1 4.6 1.5511 2.10/1 2.[75/1 4.8
oo 3912 100 50§ 921 For1 1 g1 WY
Stagtigg@tb2r 1 0. 70/ i“g};of 1 $.80.56/1 0.62/[1 0.70/1
6 5% 38/1 0 t33“//1 0.40/1 67810, 335/1 0. 3671 .43/ 1
7Q.9.30 7 1309335 7 1 0.384,/1 7.25 0.27/% /0 307 1

0.335/1
4.2 27571 3.90/ 1 w/1
4.4 2.10/1 275/ 1 3.90/ 1
4.6 1.55/ 1 2.10/1 27571
4.8 11271 15571 2.10/1
5.0 0.9271 11271 155/ 1
5.2 0.80/1 0.92/1 11271
5.4 0.70/ 1 0.80/1 0.92/1
5.6 0.62/1 0.70/ 1 0.80/ 1
5.8 0.56 /1 0.62/1 0.70 /1
6.0 0.49/ 1 0.56 /1 0.62/1
6.25 0.43 /1 0.49/1 0.56 /1
6.5 0.38/1 0.43/1 0.49/1
6.75 0.335/ 1 0.38/ 1 0.43/1
7.0 0.30/ 1 0.335/ 1 0.38/1
7.25 0.27/1 0.30/1 0.335/1
7.5 0.24 /1 02771 0.30/1
7.75 02171 0.24/1 0.27/1
8.0 0.18/1 02171 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 5 and 6. The mean change in concentration was +0.76



7.5 0.24/1 0.27/1 0.30/1 7.75 0.21/1 0.24/1 0.27/1
8.0 0.18/1 0.21/1 0.24/1 8.25 0.15/1 0.18/1 0.21/1
woeeyhtE20Anal ysis of the creatine content of sBOPGB2004/000707
fromthe solutions incubated at 39C showed no
significant change between yeeks 5 and 6. The nean
change in concentration was +0.76 WO 2004/ 073420
PCT/ GB2004/ 000707 25 (SD 1.3) mmol /I corresponding to
(SD f? NS6 aso%ﬁgéo USt O 11%9%96 Pf sfabllqgg nOh 'drg%&lo%9arate per

an & Pr o wee
litre. til%slﬁa 6@1’3&% Qﬁmﬂ@eﬁfr&nlwéé&s 8)39@\6'hm&hedessam@festm BHBIR8)% which is
order as the analytical error of the nethod. As shown
of the gpupy gder, asghe Wtq@beré‘?@iﬁher@lﬁ@oflo creatine ratio
increases rapidly in sanples where the final pHis
between 4.6 (circa 2.1:1) and 3.7 (circa 10.0:1).
As stBetnwadtig pHit392C aicor8atthitidte crdfaahé atioSinexgastk rzipidlgrm bahples where
reater than 0 the ratiqQ decrease

1.0.. At pH s
the fiaplkbig Wé@}/g 6| (ririen? Ilyl)faflé r}ﬂo(csrce 30Q:HaBriyvesn PéﬁS 8.49d 8.8 the
. a
ratio f efluf to PRELP B SAL LS Btat @a TP R HaB0 Yeplendt A Rimately
Iineaﬂyﬁ@mowftef)elrﬁmc&tqﬁ f8pi0adt t he end of 6 weeks
i ncubation at 2, 22 and 39C (table 2). In all cases
the solutions incubated at 39C had the | owest pH and

Despit@ %ﬁﬁtu?é alfhel Qﬁw M{ ohaskitp 'é'qué'l_ rb%nf:én'ﬁ%hoﬁ"oﬁhteﬂin%e gnd reatinine,

direct result of : a) The inmedi ate effect of
theretveaxp eteat differances epHiptithegad of orwerks iindubgtiaf atth@2 and 39°C (table

20 oSk S, S S KSTRE R HERACPORR e o 20 e

lnghe%f Sl IThe findl $H @R4ihBd Rehe airgdt e&EBSfWHi Ch renpves
ydrogen ions raising the pH, or, conversion of

a) Télﬁ elamemaﬁfeeﬁfw OF EamneFEUIRHIG Mﬂr@a%sorw@wg@ &h thepgpdutions, since
1190?%6 %Ltgﬁge@uﬁeesgug fdéc?ea@g'%n@ta{d equilibriumis
at t al ne

etween t e concen ions of creatine and
b) Theedfecnoheonvetsoresf erehtind tcampgatitiag gepmickds ‘dhx_ahrrdmupemhydrogen

.how far the _.initial .concentrations of creatine and .
weralﬂnﬁitﬁ%p%r oF, COBYFTPY SLOTER R 0| FEATng mlgﬂa a7 iygrogen fons
afl AleSh d‘éﬂ%gsesﬁﬁiﬁ g1 @é&&ﬂbﬁmﬁ he ﬁttéiﬁ&ﬂilgét\?y%erpfhe concentrations of

creatini ne al one as in
creatine and creatinine. The extent of any change will depend upon how far the initial

concentrations of creatine and creatinine are from those at equilibrium and will be
greatest when starﬁng with either creatine or creatinine alone (as in Example 2). This
can be a slow process and, as shown in Fig 2, may take up to 8 weeks with a solution of
low pH, composed initially of just creatine. (As the incubation temperature in 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 creatine and
creatinine is dependent upon the absolute concentrations of creatine 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.



can be a slow process and, as shown in Fig 2, may take
up to 8 weeks with a solution of |ow pH, conposed
WO pootiozd4byy of just creatine. (As the incubati oPCT/GB2004/000707
tenperature in Exanple 2 was 22C then a slightly
shorter time to reach equiljadrium woul d be expected at
39C.) The magnitude of the change in pH caused by the
i nterconversion of creatine and creatinine is
dependent upon the absol ute concentrations of creatine
and creatinine, as well as the buffering capacity of
Tabld mh@%@!f&t B fldn y\ﬁwpon%h& !E,Q%P&' QﬁuﬁBnto'P%f*@atﬁéCJﬂ &reatinine
enabl es sol utiohs of known final conpositions of
of 6T mumiol/he(cantbined aoncenteatiom) middeoupein B 2Yarcidic Whd-potassium

420 PCT, Q4/ 707 6 Tabl.e 2 The effect
Phosrfhfa @H@fsr%ﬁﬂ% gu}%é‘st‘ﬁ%“ ogito 2lley affaipmmept ok eqiibrigm.

darll bl Bdl.l Iy e I 67 IIIIUI I I \(,UIIU IBU COTTCeTTtT cll.l UII)
made. up in D. 2M citric acid- potasg m phosphat e
buffers, affer 6 @eeks incubati Q%zf_;pcal | ow att ajghgewt
of equilibr um No pH @2 22C @39C 1 4.0 7 3.6

2 415 4.2 4{0 3449464.4 453:[74.847 5533650

49 6555252 76158509 36546 he
staft | ng pH val ue %ds essenti aIIy4azs t hat |nd| cat‘bg
forxthe sanptes T nggbated at 22C) ; Jhe finat ol e HDIe
creatinine to creatine ratilos of the solutfons
prepared with the sane iniltial pH.g were ot 4.7
identical ih the three sets of incubations However
as 8hown in{ Fig 7,5.3the nolle: nol eSdteatinine to 4.9
er-eattne—ratt+os—for—the—-3-trenperatyres—were—very—¢tlose
to ®ach other whemdthese Were co red with the $?nal
pH & each sol UTi Oogiy Thus (he nol g gl e

8 6.5 6.3 6.4

(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 incubations. However, as shown in Fig 7,
the mole:mole creatinine to creatine ratios for the 3 temperatures were very close to each
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 different pHs at
the end of 6 weeks incubation at 22°C together with the 7 order polynomial line which
bests this data (regression coefficient, r = 1.00). The ratios predicted by this line are
identical 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.



ratio at equilibriumof solutions of creatine and
creatinine of different pH are primarily influenced
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i ncubation at 22C together with the 7th order

pol ynom al |ine which bests this data (regression

coefficient, r = 1.00). The ratios predicted by this

line are identical to those shown in Fig 3 obtained
Discidbiofiland Cohd@@Hs | ncubation at 22C, but where the

solutions were initially conposed only of creatine and
Starting withesplutiong eomppsed of srdatinafo eratiniae & mofe: mhk% pHessdnge to those

VO 20 07342

in F1%])§21!§'Jlj@ses1ih8n D J u’sé}%g:s \?Esz? f&%e%\?m&g soI %eks when incubated

betweAND ogwld 39“fc Cﬁxﬁﬂﬂoleﬁﬁ:e t5 vedekatwitennéncubated| &: BHICe rIﬁbBtOprobably
close to those in Fig 3 1o be those at equilibrium

equilibrigp) Vs spached TN A e} ot RO R | I e Sl in Figs 6
f-ar.
to 8 e A P SR s, i S S OBk nd may e
used eacdnsguctatolaintolt katme of enqatiniat te excatifitat angspH tions BGvin 8.8 which
in Figs 6 .to re at eati.ne and creatini ne when
when; rixed g’@f‘gl lér&ﬁ‘?cf?tﬁlrqufrﬁ \ﬁaglr? B’@‘ﬁ? 9%her and may be used
to construct nole:nole ratios of creatinine to
creatine at any pH from3.8 to 8.8 which when m xed
At rowpubripératmed (220 €) 9t HEnaipks obbetheqatid oftareatimineo aresgime was 2.1:1.
This tbsre teu&)ﬁit:r t%;zogﬁq) gﬁe%i rag t{@%all;zragucfi)ffor% ?t’gb-t hder{rflf:t(%]gaaﬁi%g creatine.
Below! dTHihal GSIN D dies, e @agnduat BE cRiafkink Q@'m&ﬁfalrﬁﬂfet @t%ﬁt;déf Beatine is
cont ai ni ng cr eatine. Below a final of

4.6,
excesgivguvastedt] afmeatetialiand impravhicalt e findd @{ 96 512i thy r@ifo is about 1.0:1

Whlc}(f E‘r%?? tgl ngcagﬁev i %?&!) sv@ﬁélg{ablig cg'irflq:@ Ia%:l(f g %Hbou?mposmons

with i;HQ whertihe FatioSisalefy e ].CGJI dre\addo pnadtlcpil eviddese ahe advantage of
pal atabl e drink with an acidic nposi tj ons ith
econcmé ofwwateaialsplntihgye thei désngéﬁagarﬁmib@n& el By less palatable.
practi cal and have the advantage of econony of
materials, but have the di sadvantage of not being so
W1thaeﬂrxgbmt1amde £.e5€) iad edrapdsitions Wdommefded ge matfiibfor (deinRs are similar

2C) the conpositions reconmended as useful for_ drinks
as th%ﬁeélegqq’ﬁeﬂ aPovelor £pRys dergpa R H ettt AHGvEonddered fivbe the extreme of a

hi gh e%qi qEH n)%tatdf%) n%l%ﬁg&%?@?ﬁ?ﬁ%ﬁ?%%g% %’bc?_]lg glbo%rg grcﬁt?fr%f oc];ea%mne to

e
creatlmie |o€'1m31 & 3.280%amf defireatherowesttpdl for the practical range of compositions

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 equilibrium 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 to reach equilibrium and the buffering capacity of
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to2 @} Sepbbia osluse ﬁ@ﬁﬁ@ée@%_l o7 ofen 5 ke w@_ﬁﬁ%ﬁo fyepase the
creatihb BBntbAKE Ahd SpleRECAT SEHInkdD rTHMWM PhulbShcRe iR D8 eRNhe initial
how far the initial nole:nole ratio differs fromthat
(immediatey umdredseiinmH Witnéaudingrbetore| dettngpabdumineastill above the initial,
i medi.ate effect. on pH.which if not. reversed will
suppiffe & PiEr Sl ERpler Rl Pipins TP er LnEF S5H tpgeach a now
equilibEmeaull bt Riddke st REEpHES WaRlvwathide @ oppdbitd 961 AbpSdh with an
.. 1to 20 is %ppl,l ed to a solution already at equilibrium
initia} feseasp & pHfwhich.if the epanpasitions of sEsatinnand ejeatinipg avere initially at

: eql " .S.E, tini T 1k ey | 5
cqut SR B R OHREORSchle SLRRLLRLRE By W by v po
will dettlepdt apH Howerothbum thab @t fore waehing, mgl dic @ompakitienstilll have a higher
abqve the initial, supporting ﬁj@l&\/\er,rmle,:m}ée X
moleghqle PreRiHES (QCTertEk Rl Pafieasingr meggasiiethe femyperpture will
always dA8¥ a %%éfér'cﬁéﬁgéﬁh%é ho@@m@[@eﬁgﬁﬁﬁn@ﬁ) Ar@éﬁrﬁ_'i‘ﬁtio Wkh increasing
warm ng the opposite wll happen with an 1initrial
the pitecbrdbe samepiHagiitudh) biyf dedheasmgnizogictatons Hoveveat dttagnment of

.and creatini rednitially at. equilibriu 111 b
equittipy Wi et U5 et gfhsn Yo Blian S2¥ pireme Pithor i potiea. For
solutioHe 6t lol PHI th¥@mPtd atifid h n&RtehhifibAtmansbd @ueIlohdan t hat

bef ore warm ng, and the conposition will have a higher

nol e:nol e creatinine to creatine ratio. Decreasing the

L- i .t emmer, i ..

Witk REAE A5 A 1t SARRIAL MRl BRI BUE Bcin o
signifi@intl9 réheved fiem elasse agequtitieiyh] {nldywhére thaagolutions dredikgn warmed

b ecreasi ng tenperature. However, atfain t of
or coglé g?r! W5ploBATRPITIOGaAEt AP PP desdihef ABTEorLgaply. In all of these
casesSROWEVePNBe BL@nVEY diRALd AhY 8L niidls &0 kiRAmmi@iate 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.

Based on the data obtained above, Table 3 shows the creatinine to creatine mole:mole ratios
of solutions of different pH at equilibrium and the corresponding concentrations of creatine
(calculated as the monohydrate) and creatinine in a 500ml drink. For comvenience the
concentration of creatine itself has been fixed in all cases to 5g creatine monohydrate, and

the concentration of creatinine allowed to vary accordingly.
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oW WalaVa or

IICl CCTTl1 I I CU T \JCIOC\ l U \J\d T CQLI IIC
%@Hydr ate and3 e concéntration of creftinind44

al 404ed 10 Vary acgor¢ii ngly. WO 20547/07342 )
C'T]/ @GB2004/ 30070?' 29 Table 3 Estimated crpatine %%d

cr44si nine contenté8 of a 500nil drifk of differente.gH s

stored _at 2PC for 6_or nmore weeks pH Creatine mle

Cn30mole O rmndh%?rht e Cleatini nd g/ 500fL g/ 5061

fa W |

LU L P Z£9O. A UJ.JJ.."P "P\JZ."PU. J
9%247516815956 50 120155 4.6 b 25 0.58 1

5 %5 55080 9805130 |5 75022 T 527  ag

5.75 0.72:1 5 2.7
6.0 0.64:1 5 2.4
6.25 0.52:1 5 2.2
6.5 0.54:1 5 21
6.75 0.50:1 5 1.9
7.0 - 0.48:1 5 1.8
7.25 0.46:1 5 1.7
Example 6

The preceding examples demonstrate the possibility of formulating a liquid composition
comprising both creatine and creatinine, whereby the creatinine content of the composition

renders the creatine content stable.

This example describes the detailed formulation of a carbonated energy drink (pH 4.4) in
accordance with the invention comprising stable creatine (at 0.8g/100ml), creatinine, and a

methyl xanthine stimulant.



6.0 0.64: 1 52.4 6.250.59: 152.2 6.50.54: 15
2.1 6.750.50:151.9 7.00.48:15 1.8 7.250.46: 1
WG 2M4/8734Bikanpl e 6 The precedi ng exanpl es denonBCT/&B2004/000707
the possibility of fornmulating a liquid conposition
conprising both creatine amg creatini ne, whereby the
creatinine content of the conposition renders the
creatine content stable. This exanpl e describes the
detailed formul ation of a baonat ed energy drink H
Comeﬁ‘%@ in accordance wth tﬁ@ﬁll?r%venti on conpri sing (P
CreatieaRdh§d@ad i ne (at 0.8g/10@mdg, creatinine, and a
nmet hyl Xanthine stinmulant. WD 2004/ 073420
Creatip® GB2004/ 000707 30 Contdt2g wt/litre Creatine
nonohydrate 8.0g Creatinin 9.99 ducose 112g

Glucase t i ¢ acid nonohydrate 2.6¢%&odi umcitrate di hydrate
Citricyc dlﬂlona_lﬁ*d&ét@e 4.0g 4 ucur q]_@é actone 2.4g Caffeine
300ng N"acin 80ng Pantothenic acid 20ng Vitam n B6

SodiugDeigrate\dibyirate B 12 20g 3.71g

Taurine 4.0g

Glucuronolactone 2.4¢g

Caffeine 300mg

Niacin 80mg

Pantothenic acid 20mg

Vitamin B6 20mg

Vitamin B12 20pg

Add carbonated water to make a total volume of 1 liter

The above drink has a pH of 4.4 and is canned or bottled in volumes of 250ml providing
2g stable creatine monohydrate at room temperature. It is best served chilled. The

concentration of 8gms creatine per litre is about the maximum obtainable at a temperature
of 4°C.

Example 7
A non-carbonated energy drink composition at pH 6.7 containing caffeine and 0.8g/100ml

stable creatine

The composition will be the same as in example 6 except for the following changes

Contents wt/liter
Creatinine 3.0g
Citric acid monohydrate 1.31g

Sodium citrate dihydrate nil



Add carbonated water to nake a total volume of 1 liter

The above drink has a pH of 4.4 and is canned or
whodothed2o n vol unes of 250mL providing 2g st apCEGB2004/000707

creatine nonohydrate at roomtenperature. It is best

served chilled. The concengfation of 8gns creatine

per litre is about the maxi num obtai nable at a

tenperature of 4C. Exarrpl e 7 A non-carbonated energy

. drin 0 7 containin af f ei ne and
Di Sogi}l%ﬁ?[%@g? éqsgﬁ&g%&y@gqt?n The con‘pgél%gi on will be
the sane as in exanple 6 except for the foll ow ng
changes Contents wt/liter Creatinine 3.0g Citric
Still mariedal mpaterhiy ciddedetoim&eon Hoaliveinned of Hitee.di hydrate nil WO
2004/ 073420 PCT/ GB2004/ 000707 31 D sodi um hydrogen
phosphate di hydr ate 6.68g Still mneral water is

Th @@‘&r AL/ B ggp il
o GEIERR IMEGIRof 1Pl YT il 20 ey e
prov1dmg$2gssmﬁla bteatisé et nobmzteﬂ].peraprrev iTelis ﬂ@sﬂ@rﬁd&fhﬁl&d.
creatine at roomtenperature. It is best served
chilled. Exanple 8 A selection of beverages such as
and black tea with or without mlk, |enon tea,
Exan%l?%ﬂl ng chocol ate, filter and instant coffee wer e

A seleBtién WP bae&adll fightR drben SHPMIAcRNted witoF MARIJuP RSIIENEmon tea,
the pH neasured at roomtenperature as shown in table

drinking womnfmqryandofnstﬂmé&pffm nwereequide e eesopdihg ¢o ghe suppher S

s BB e i o7 R G et i b ogpler 4. The quaniey

of créa@hir@%e@hr&lr RakchRi& @tabﬂl@y 6f P@tg ARadle AB6mP B MoBfmperature was
previously in exanple 5,” tabl e 1. \Where appropri at é’

then t he calgulatkd rrayubagconsmhned hamokccor diratipst 0 t adt e. \Weatinine

2004/ 07, 2004/ Q0Q707
to crea,tlg)le 39 2324’%0 tame previous y(%n example 5, table 1. Where appropriate the

drinks may be consumed hot according to taste.
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2004/ 073420 PCT/ GB2004/ 000737 33 CLAIMS 1. A

conposition for human consunption, conprising creatine

and a quantity of creatinine sufficient to render the

creatine therein substantially stable when presented

in an aqueous nedium and a nmethyl xanthine. 2. A

CLAmquosi tion according to claim1l1, in which the
no

e:nole ratio of creatinine to <creatine is not |ess
than 1:10 and not nore than 10:1. 3. A conposition
according to claim1 or 2, in which the nole:nole
SPTHOHHOR 108 IWPHL qogsumptiogs i RIPIESIRG (CTeEMe pRG A 1qugntity of

m%ggmﬂg SuffRidat t03hdRr the creatine therein substantially stable when presented

in an aqueous medium, and a methyl xanthine.

2. A composition according to claim 1, in which the mole:mole ratio of creatinine to

creatine is not less than 1:10 and not more than 10:1.

3. A composition according to claim 1 or 2, in which the mole:mole ratio of creatinine to

creatine is not less than 1:8 and not more than 5:1.

4. A composition according to claim 1, 2, or 3 having a pH in the range 2.5 to 8.5.

5. A composition according to claim 4, having a pH in the range 3.0 to 7.0.

6. A composition according to claim 4, having a pH in the range 4.0 to 6.5.

7. A composition according to claim 4, having a pH in the range 4.5-5.5.

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, in which the methyl

xanthine comprises caffeine and/or theobromine.



10.

o

11.

12. A

13.

14.

15.

16.

17.

18.

19.

4. A conposition according to claiml1, 2, or 3 having
a pHin the range 2.5 to 8.5. 5. A conposition
w@ewendi4ngy to claim4, having a pH in the rangeCBGB2G08/000707
7.0. 6. A conposition according to claim4, having a
pHin the range 4.0 to 6.5.34 7. A conposition
according to claim4, having a pHin the range
4.5-5.5. 8. A conposition according to any one of the
preced| cl ai conprisin qone or addi t
Ac SIS Sy dff VoM Rg 8{1666%18% Taip, §°%Pnsmg a methyl
xMithiaBlcBstainind lefact bR Fom 68¢ @ hﬂ&éadﬁﬁle BObYWRIgS tea leaves;
am no acids, trace elenents, colorings, flavors,
ceffesi trepes; and ceepsenodper s, natural heal th and perfor mance
I mprovi ng substances, antioxidants, stabilizers,
preservatives and buffers. 9. A conposition according
Al Qoﬁﬁé(sn%}? aBlorlig o' 85 BhODICdI Precedin \MAGE Edifprising creatine
met hyl  xant hi ne conpri ses caffeine and/ or
suspemded drian ediBNOs @POnin@B4PE. PCT/ GB2004/ 000707 34 10.
A conposition according to any one of the preceding
cI aims, conprising a methyl xanthine-containing
t ea gtboggic@bfgﬁ%o {dJ &1 21; Qg%gﬁlg gxg %glﬂé% gusﬂp%hlir%" ¥n99ix is selected
froanp@sodp consaciag rodj mgleyp syrny, oiodaseds, tieeclpr glgestbhgloe Vera gel,
cl ai ms, conprising creatine susp ended in an edible
P@Bbé@#‘fqdn@dﬁﬁcﬁlil%?lde&’ 2221CtQIBRREES (ilf‘aﬁﬁaa%ogﬂaa.gﬁgi tlgcust bean gum
?&ﬂ% guJ%(lvhereln t he edi bl e supporting matrix is
ected foma group consisting of: honey, syrup,
m)l asses, treacle, glycerol, Aloe Vera gel, plant
deri ved polysaccharldes alactonannans dextrans
Agrpampogifian dceenddng toeam Qy@m% cladas Xalkth @awe@tg@nas a aqygous solution.

conposition according to any one of clains 1-10,
presented as an aqueous solution. 14. A conposition

A2668p6HitIeh hecoMig ABen9f ol 8f BRims 1010,118 WhicE fthé RBmposition is a
conposition is a drink suitable for human

ddiok suitgbié fon. hub®n canswmpami. t i on accordi ng to any one of
the preceding clainms, conprising a creatine
concentration of at least 0.15g/ 100m . 16. A

AC 9559?(%1&619 ﬁccﬁ‘)@&ﬁ? C{bnﬁl t&heCJJiatH@ PrecediYTRIAiRE Nebifprising a creatine

creati ne concentrati o of at | east
concentration of at least 0.15g/100ml.

A composition according to claim 15, comprising a creatine concentration of at least

0.3g/100ml.

A composition according to claim 15, comprising a creatine concentration of at least

0.4g/100ml.

A composition according to claim 15, comprising a creatine concentration of at least

0.5g/100ml.

A composition according to claim 14, having a dose of methyl xanthine in the range

10mg-1000mg per drink.



0.3g/100m . 17. A conposition according to claiml15,
conprising a creatine concentration of at |east O0.4qg/

waQ@ai7342L8. A conposition according to clai mBEGS[/GB2004/000707

20.

[}

21.

22.

23. A

24.

25.

26.

27.

28.

29.

conprising a creative concentration of at |east 0.5g/
100m . 19. A conposition a§%or ding to claim1l4,

havi ng a dose of nethyl xanthine in the range

10ng- 1000ngy per drink. WO 2004/ 073420

PCT/ GB2004/ 000707 35 20. A conposition according to
any one of the preceding clainms, further conprising ’
{ ' Siki I 0g: [ ;o
1&8:%{1‘1 ggtlpg ;acplédﬂ{g' SN g - 8? tfrf]@e p?%c%t@fglg élglrr]%sg ﬁllrfﬂepcomprlsmg
tgﬁthOOng per drink. 22. A conposition according to
claim1, which is solid and which can be made into a
drink by the addition of vvater 23. A corrpositi on

1’2 ﬁgl |°\9‘§1 P%}too %ngﬁpg ?9] Ct §r§%g lglggea (?Sﬁ of t)c{\ft}?{eefnqhe range

mﬂr@}gngk_ creatine phosphate. 24. A conposition
according to any one of the preceding clains, wherein

a normal serving thereof provides a physiologically

effective dose of cr atlve

A COBRAIHED CETRPEoReBRn v i s R EaT At oo be apae o a
stantially stable at a tenperature

%@ﬁa@;@g%{?ﬁ 1l16f?]gtr‘lﬁ)at | east 7 days. 26. A co%o& tion

according to cl ai m 25, vvherel n the creatine is

substantially stable at a eratur.e of at |east. 25
d‘pnmosmlggsqcc@@mga% an27oner gﬁ?ppggqc?qhggl claigisy dylﬁ.‘@elpocreatme is

I t abl
HpRal e AR R inGARERE of repaphaL, ¥ 5" ' ©
days. 28. A conposition according to claim25, wherein

the creative is substantially stable at a tenperature
Aypompodidesaccoriing ty anyt onegfthe ggrcgfgyg clajrgs, ygherein a normal serving

SOTROPYRDs A5G0 PR BegP sl e

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

substantially stable at a temperature of at least 25°C for at least 7 days.'

A composition according to claim 25, wherein the creatine is substantially stable at a

temperature of at least 25°C for at least 30 days.

A composition according to claim 25, wherein the creatine is substantially stable at a

temperature of at least 25°C for at least 60 days.

A composition according to claim 25, wherein the creatine is substantially stable at a

temperature of at least 25°C for at least 90 days.

A composition according to claim 25, wherein the creatine is substantially stable at a

temperature of at least 25°C for at least 120 days.



tenperature of at |east 25C for at |east 120 days. WO
2004/ 073420 PCT/ GB2004/ 000707 36 30. A conposition

w@ewendi4ng to claim25, wherein the creatine iBCT/GB2004/000707

3

o

31.

32.

33.

34.

35.

36.

37.

substantially stable at a tenperature of at |east 40
C for at least 30 days. 31.34 nethod of preparing a
creatine containing conposition for human consunption
in which the creatine is substantially stable, the

nmet hod .conpri si.ng.the.steps .of:. providing, in th
A Qi Bocorng 1@ i 176 VRICIL 7Y CIERERR MpaERHGstable at a
tdBpdrBRALH! 4N RastR A fdrer Mabf 3ugRt |y stable when the
conposition is mxed with an agqueous medium and an
anmount of nethyl xanthine. 32. A nmethod according to
claim31, conprising the step of m xing an aqueous o
Avasithad ol\preRating &t GTFRIE RPIEYRIAE iCAMIPeSitign fohpmam ggnsumption in
r.di cl ai . LSi t e . :
G0 G edhelhd bt TRAnE) M A58 infling, te steps of
p3®iding Ofin @he S4B cbiPodifoms, Utreaidhe afd BElificiedn Sréafin@® @t render the
| east partially to convert the creatine to ]
ceqagiae isnifiséentlyhsiatde ywhenrthe egmpositipe it ntixes withiani agmepes medium,

render the .cr ive. n the resulting conposition
aggﬁgtag}‘i’flfna?q e@f'a];’ﬁe}"&m%nd addi ng an amount of nethyl

xant hi ne. 34. A nethod according to claim 33, wherein

the step of subjecting the solution of creative to

As miettatol @cconting to olasm i3y cbmpsisingathe stept dfembihg) i @queous medium
ahove anbi ent tenperature. 35. A nethod according to
“Gﬁ]a‘?rﬁ?@tf,ar\%ﬁé?aéilﬁ?ﬁt he solution of creatine is heated

to at least 90C for at |east 30 m nutes. 36. A nethod
according to claim 32, conprising the steps of:

Apmeethall accoadingl tot claim 62, compaikingethe ptepei ot pyovding a solution of

sol ution_ of creatinine; and m xing_ the solutions so as
CE@ting FRbiFctipg &in SolHipn A iprsding ite suifablepandiop &p @s pileast partially

t(z g%ﬁ\je‘flj @‘Q tgfcfﬁ;i}ﬁ@'id .egﬁrﬂhg dﬁxg%gy onqﬁﬁg %ﬁ&i%iétni’g atr'ruéitnﬁ )t/? render the

stan Stable, an g an®anount o
crarihbiinahe Iésulbngrebinpokiase eubktagiatly ﬁdb@é,%ﬂGaddfiﬁ% ra@l fmount of
the pH of the solution of creatinine is |ower than
eyl giandine: he sol uti on of the resulting conposition
conprising creatine. WD 2004/ 073420 PCT/ GB2004/ 000707

A method according to claim 33, wherein the step of subjecting the solution of creatine

to suitable conditions involves heating the solution above ambient temperature.

A method according to claim 34, wherein the solution of creatine is heated to at least

90°C for at least 30 minutes.

A method according to claim 32, 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, and adding an amount of methyl xanthine.

A method according to claim 36, wherein the pH of the solution of creatinine is lower

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



38.

39.

40.

41.

37 38. A method according to claim 36, wherein the pH

of the solution of creatinine is in the range 2.5 to
w@2@®4/0z33eb t he pH of the solution of the resul tPEGB2004/000707
conmposition conprising creatine is in the range 4.0

to 6.5. 39. A nethod accordi;ng to claim 31, conprising

the steps of: providing solid creatine; providing

solid creatinine; mxing the two solids so as to

provide a resulting conposition which, when di ssol ved

i n aqueous solution, provides a conposition in which
&ﬁ%fh%d'a%cc?rﬂf fl c@aﬁfn 14, evﬂ{c'rélh'?ﬁe bA 48R 861utifE o fh%%ﬁhiﬂ@ is in the
substanti al ab ‘and addi hg an anount of met hyl
rasgnt RiSne. 3. éoandAtheqﬂh@d tleec soludion @f ttloe odsalting Rbmpositibh €omprising

nprising the step of_ adding an edible supporting

QWBFP?¥1H4%3N%£ﬁ€f966 é%cordlng to claim31, in which
the resulting conmposition is acidic.

A method according to claim 31, 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
which there is sufficient creatinine to render the creatine substantially stable, and

adding an amount of methyl xanthine.

A method according to claim 31, further comprising the step of adding an edible

supporting matrix.

A method according to claim 31, in which the resulting composition is acidic.



