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Background of the Invention

Governments are currently concerned with the high incidence of obesity (and lesser
degrees of weight gain) in populations, since they représent a known risk-factor for
coronary heart disease, hypertension and diabetes. Besides dietary modification. the main
thrust of treatment and weight maintenance after weight loss is physical exercise. It is
now suggested by experts that diet alone is insufficient in the long term in maintaining
weight loss without altering lifestyle, in particular the taking of more exercise. However
one of the problems overweight people experience is that they find physical activity tiring
and are easily fatigued. There is a need for a regime which will make obese people less
fatigued so that they can exercise for longer periods, burn up more calories and lose more
weight, or maintain their weight better after weight loss.

Moreover, in the last few years there has been considerable interest among athletes in
creatine, which occurs abundantly in skeletal muscle. Creatine plays a pivotal role in the
regulation and homeostasis of skeletal muscle energy metabolism and it is now generally
accepted that the maintenance of phospho-creatine availability is impertant to the
continuation of muscle force production. Although creatine synthesis occurs in the liver,
kidney and pancreas it has been known for sometime that the oral ingestion of creatine
will add to the whole body creatine pool, and it has been shown that the ingestion of 20
to 30g creatine per day for several days can lead to a greater than 20% increase in human
skeletal muscle total creatine content. Thus W(094/02127 discloses the administration of

creatine in amounts of at least 15g (or 0.2-0.4g/kg body weight) per day. for at least 2

days. for increasing muscular strength.
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Over the last few years there has been considerable interest in the use of isotonic drinks
for people indulging in physical exercise. Human body fluids comprise water and
substances dissolved therein, such as mineral salts known as electrolytes. These enable
electrical impulses to stimulate muscle action. Isotonic drinks replace essential electrolytes
lost in sweat during and/or after exercise. The term isotonic is applied to drinks
containing the same concentration of minerals as in body fluids and in which the osmotic
pressure is the same as that exerted by human body fluids. The most important

electrolytes used in isotonic drinks are sodium, chloride, potassium, calcium, magnesium
and phosphorous. Isotonic drinks can be made already diluted with water or conveniently
packaged in sachets or cans as a powder which can then be mixed with still or carbonated

water to give a refreshing flavoured drink of, for instance, a citrus flavour.

It is well known that creatine is unstable in aqueous solutions at acid or neutral pH, and
is 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. In view of the foregoing, EP 0 669 083 teaches that aqueous
drinks for human consumption comprising creatine must be weakly alkaline, in order to

prevent the conversion of creatine into creatinine, and this has become the generally

accepted opinion.
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source of creatine.

The composition may be in the form of a dry powder or may be provided in liquid or
semi-liquid form (e.g. as a drink or yogurt, respectively). In preferred embodiments the
composition is a drink which is isotonic (i.e. corresponds to the osmotic potential of
human body fluids) and/or comprises electrolytes. Conveniently the composition will both
comprise electrolytes and be isotonic.

The present inventors have found that the conversion of creatine to creatinine at acidic pH
is actually sufficiently slow as to allow physiologically useful amounts of creatine to
remain in the composition after considerable periods of time, such that creatine may be
presented in acidic formulations, contrary to the teaching of the art. In particular, the
conversion of creatine to creatinine can be greatly inhibited by storage (e.g. in commercial

chiller cabinets at 4-8°C) of the composition at lower than ambient temperatures.

Thus, in a second aspect the invention provides a method of storing an acidic liquid or
semi-liquid composition comprising creatine, for human consumption, the method
comprising storage of the composition below ambient temperature, typically in a
commercial chiller cabinet at 4-8°C of the conventional sort familiar from any medium
or large-sized food retailer. Typically the composition is an aqueous drink (preferably
isotonic) or a yogurt or similar semi-liquid foodstuff. The drink may be still or

carbonated. and preferably comprises a citrus flavouring.
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effective quantities of creatine.

Typically the powder is such that, when a certain amount is dissolved in a pre-determined
volume of water, it provides an isotonic drink. Desirably, the powder is provided as
unitary doses (of about 10-20 grams) which may be dissolved in 200-350 mls of water to
provide an isotonic drink. The unitary doses are conveniently supplied individually
packaged in sachets, bags, packets, cylinders, bottles or other suitable packaging means.
Preferably the package is hermetically sealed (e.g. a thin foil sachet) to prevent the ingress
of water or water vapour. In some embodiments it may be desired to provide with the
‘package a volumetric measuring means to atllow a user to measure out an appropriate
volume of water in which to dissolve the contents of the package. Typically this may take
the form of a water-tight container (e.g. of plastics material) with one or more graduations
to indicate a certain volume. The container may take the form of a beaker or similar
vessel, to hold water in which the composition may be dissolved. and from which the

‘resulting solution may be drunk.

'The composition will preferably comprise one or more further components to improve its
- palatability, stability, flavour or nutritive quality. These further components may include
electrolytes. as already mentioned above, or may be selected from the group consisting

of: vitamins. lipids. carbohydrates. amino acids, trace elements, colourings, flavours,
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In some cases a lipid component may be desirable. The carbohydrate content (if any) of
the composition may be present as starch (particularly soluble starch) and/or sugars. The
carbohydrates employed in the invention should preferably be used in quantities which are:

consistent with the isotonicity of the composition in its preferred embodiments, taking into
account the effect of creatine content. The drink’s osmolality should preferably not exceed

320mOsm + or - 10%. The sugars which may be present in the composition include
glucose, fructose, sucrose, and maltose.

Artificial sweeteners which can be used include Aspartame, Acesuifam K, Saccharin and
Cyclamate. Almost any desired flavouring can be added, most preferably citric flavours

such as lemon, orange and grapefruit. Citric acid may also be used as an acidulant and
as a buffering agent.

Colouring can be provided, typically by using a cold water soluble colourant such as beta
carotene. Other suitable colourings will be apparent to those skilled in the art.

A clouding agem may be included in the composition to improve the appearance of the
finished drink and distinguish it from lemonade.

The minerals can be added in any type or form which gives in combination the correct
osmolarity and/or contains electrolytes in amounts which approximate the composition of
the body fluids. It is convenient to provide the calcium and potassium in the form of their
phosphates or hydrogen phosphates, and magnesium as the oxide or carbonate. Typically

the amounts are:- sodium at 400mg/litre, calcium at 100mg/litre. chloride at 600me/litre,
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sweeteners, anti-oxidants, stabilisers, preservatives, and buffers.
People on slimmng diets often receive a reduced intake of vitamns, so
t hese may bén some embodiments, the composition may additionally comprise pyruvate and/or

dihydroxyacetone. Pyruvate and dihydroxyacetone are ergogenic compounds present in
the body and have been shown to enhance submaximal endurance (R. T. Stanko er al.,
1993 Sports Sciences 11, 17-23) and when substituted for part of the carbohydrate in the
diet are useful in increasing weight loss in low energy diets (R. T. Stanko er al.. 1992,
Am. J. Clin. Nutr. 56, 630-5).

Pyruvate may be provided as a salt, preferably the sodium, potassium, magnesiurn or
calcium salt. Pyruvate may be used without dihydroxyacetone, or as a mixture therewith,
for example as a 1 : 3 (P: DHA) mixture. The total amount of pyruvate and/or DHA per

250mi serving of the composition may be in the range 1 to 25g, conveniently 5-15g.

The invention will now be further described by way of illustrative example and with
reference to the accompanying drawings, in which:

Figures 1 and 2 are graphs of creatine concentration against time; and
Figures 3-6 are graphs of % creatine against time.

EXAMPLES

Example 1

This examples 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
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Orange Flavour 1.4g
Aspartame 1.0g
Creatine monohydrate 88g

63¢g of the above mixture when dissolved in 1 litre of water provides, per 250ml serving,
about 3g creatine, energy kj 203 (kcal 48), 11.1g carbohydrate, 156 mg chloride, 100mg
sodium, 52mg potassium, 26mg calcium, 19.5mg magnesium. 13mg phosphorus, vitamins
(Vitamin E 3.4mg, Vitamin C 16.2mg, Thiamin 0.3mg, Riboflavin 0.4mg, Niacin 5.0mg,
Vitamin B6 0.4mg, Folacin 85ug, Vitamin B12 0.9ug, Biotin 0.08mg and Pantothenic acid
2.2mg) and traces of protein, fat, and fibre. This provides a refreshing isotonic drink
containing electrolytes and creatine which is relatively lower in calories than conventional
isotonic drinks, and has a pH of about 3.8.

Exampie 2

This example relates to another embodiment of the invention. The formulation is as in
~ example 1 above, except that the 300g dextrose monohydrate is omirted and the aspartame

content is increased to 2.5g to compensate. When 5.3¢g of this formulation is dissolved

in 250ml water, it provides an almost calorie free drink containing creatine and

electrolytes which, whilst not isotonic, is nutritionally useful to those wishing to lose or

maintain their weight.
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Example 4

This example relates to a study of the stability of creatine in sterile conditions at acid pH
over a period of two weeks.

A dry powdered composition in accordance with the invention was prepared and stored
in 14 gram samples. The composition was essentially that described in example 1. Each
14gm sample of the composition comprised about 3gms of creatine. 14 grams of the
powdered composition were dissolved in 400ml of distilled water, and the solution
incubated under sterile conditions at 25-26°C for 2 weeks. The pH of the composition at
the start of the experiment was 3.66.

Sml aliquots of the solution were drawn aseptically over the course of the experiment and
analysed for creatine and creatinine concentration. These determinations were made
simultaneously by reversed-phase ion-pairing high-performance liquid chromatography,
according to the method of Murakita (1988 J. of Chromatography 432, 471-473). The

experiment was performed in triplicate and the results shown below in Table 1.
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magnesi um or cal ciumsalt. Pyruvate nay be used w thout di hydroxyacetone,
or as a mxture therewith, for exanple as a 1: 3 (P. DHA) m xture. The
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agai nst ti nme.TablEKAMPLES Exanple 1 This exanpl es describes the detail ed
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The conposition takes the formof a dry powder, which is to be WO

oo st 0146 O0h | 1h 2h 3h (74 6h
Cr mmol/1 53.0 53.1 53.1 54.7 53.2 51.7
(+SD) 1.3 0.0 1.5 0.9 2.1 0.1
Cr g/400ml 2.78 2.79 2.79 2.87 2.79 2.7
(£SD) 0.07 0.00 0.08 0.05 0.11 0.01
% Cr 100 100 100 99.3 99.3 99.2
remaining | _
| sn 1d 2d | 3d | 4d | 1w | 2w |
Cr mmol/1 52.1 48.1 49.6 46.1 42.5 38.8 31.7
(£SD) 0.8 2.1 1.0 0.5 0.8 14 0.1
Cr g/400ml 2.73 2.52 2.60 2.42 2.23 2.04 | 1.66
(+SD) 0.04 0.11 0.05 0.03 0.04 0.07 |} 0.01
% Cr 99.0 96.2 91.7 87.6 84.3 74.7 | 51.5
remaining

These results are also represented graphically in Figures 1-3.

Figure 1 is a graph of mean creatine concentration (filled circles) or creatinine

concentration (open circles) in mmol/litre against time (measured in hours, days or
weeks).

Figure 2 is a similar graph showing mean creatine or creatinine composition in
grams/400ml against time.

Figure 3 is a graph showing percentage creatine unconverted (filled circles) or percentage

creatine converted into creatinine (open circles) against time.

From these data it was apparent that acidic solutions of creatine could be stored at ambient

temperawre for 24 hours with very little loss of creatine. Longer storage (for 2-3 days)



di ssolved in water ,to constitute an isotonic drink conprising creatine.

| ngredi ents Dextrose Monohydrate 300g Citric Acid

32g Pectin (stabiliser) 6. g Salt

5.0 TrisodiumCitrate 5 .0g Beta carotene

3. 0y Pot assi Y¥REHBEi de 2.99 Grapefruit ECHEBIHO1476

2.9g Trical ci um Phosphat e 2.1g Heavy Magnesi um Car bonat e
2.1g Vitamn Prem x .10 1. 8g Lenon Flavour

1.4g Orange Fl avaur . ) . 1.4g Aspartane

1.0g Creat W& %ﬂﬁlﬁﬁﬂgpbsenous loss of creatinggy 539 of the above ni xture when

dissolved in 1 litre of water provides, per 250m serving, about 3g
creatine, energy kj 203 (kcal 48), 11. 1g carbohydrate, 156 ng chloride,
100ny sodi UEXamiled not assi um 26mg cal ci um 19.5ngy nagnesi um 13ngy
phosphorus, vitamns (Vitamn E 3.4ng, Vitamn C 16.2ng, Thiam n 0. 3ng,

Ri bofl avin 0.4ng, N acin 5.0ng, Vitamn B6 0.4ng, Folacin 85 err]g, Vitamn
B12 0. 9[ er rThis exdimpié relafes08 agtudy of the stabitityesticeeatine cve? 3 Aa¥)in afstols HhRfondf
protein, fatt,d.f:gnd fi rg. This provides a refreshing isotonic drink

cont ai ni ng L EFYIR &8 hd creatine which is relativel y lower in calories
t han conventional isotonic drinks, and has a pH of about 3.8. Exanple 2

Thi s exanplf rel ates to anot her enbodi nent of the invention. The
f or mul at i on*4 §rams (three x 14gm samples) of the powdered formulation described in the preceding

example were disso)véd in 750mis of distilled water warmed to 25°C seven 100mt aliquots
(termed A-G respectively) were drawn off into polystyrene beakers of known weight and
were re-weighed. The pH of the aliquots was adjusted to desired values (A = pH 2.5,
B=35.C=45,D=55,E=6.5,F =175,G = 8.5) using 50% acetic acid or SN
KOH. After pH adjustment the beakers were re-weighed to ensure the increase in volume
was less than 5% (i.e. less than 5mis). |

The samples were held at 25°C for 24 hours, and 5ml aliquots drawn off for analysis of

creatine and creatinine concentration (as described previously) at time points of 0.5hrs,
4hrs, 8hrs, 1 day and 3 days.

XS

The pH of the solutions was also tested, to ensure that the pH did not alter too greatly

during the course of the experiment. These results are shown in Table 2 below.

Table 2
TEST SOLUTION
A B c | o | E F G
Target pH 2.5 35 4.5 5.5 6.5 7.5 | 8.5
[}o-s pEE - 34 | 5.5 5.5 6.7 7.6 -
“ 4h pH - 35 | 45 5.5 6.5 7.4 8.2
l|3d pH - 37 | 47 | 55 | 66 | 13 | 16 |

Referring to Figure 4, the figure shows a graph of % creatine remaining against time



exanpl e 1 above, except that the 300g dextrose nonohydrate is omtted and
the aspartane content is increased to 2.5g to conpensate. Wen 5.3g of this
formulation is dissolved in 250m water, it provides an alnost calorie free

drink containing creatine and el ectrol ytes which, whilst notj | S
nutritionally Wge"f”df”fo those wi shing to | ose or maintain thgﬁlg\%e%d%’t‘.
WO 97/ 45026

PCT/ GB97/ 01476 11 8 Exanple 3 This

exanpl e relates to another enbodi nent of the invention. The fornulation is
as in exanpl émdasuted jnehowss ergdays) fratsoltipns &fF.t Bhe thsltsr fgs solutions iy (AL D and
omtted and y. 1 i i al ci um or potassium
pyruvat e, togr(ﬁz’rlgeigg\?\na@ho#lﬂgd goggﬁr%nqg% l%?%g%g?&g}g%artane (giving a total
anount of 1. fflgdrsquafes as palntiamB pHA.3)y pparadquares v solgriayf C (pEl <. o opeanl teiangdes | s

15. 75g- m xed in 250 . Ex | e 4 Thi | at t t ud f
the tabi 11ty STGRL(HHhe S Al THRTERS o PP PEEE Sl S S = o of
two weeks.  FAplI 7.5powdered conposition in accordance with the invention

was prepared and stored in 14 gram sanples. The conposition was essentially
t hat described in exanple 1. Each

It can be seen that, in general, the lower the pH the faster the conversion of creatine into
creatinine. but even solutions of pH 4.5 or so are reasonably stable for up to 3 days.

Breakdown after 3 days at pH 5.5, 4.5 and 3.5 was 4%, 12% and 21% respectively.

In fact it was found that an exception to this general rule was that creatine is more stable

at pH 2.5 than at pH 3.5. After 3 days, breakdown at pH 2.5 was found to be = 13%,
similar to that occurring at pH 4.5.

Example 6

This example relates to a study of the stability of creatine over a period of 52 days in
aqueous solutons at different pH values held at lower than ambient temperature
(specifically, 4°C).

Firstly, because creatine has poor solubility in water at 4°C, an experiment was performed
to ensure that the concentrations of creatine used in the stability determination would not
lead to precipitation of creatine over a 5 week period.

The solubility determination was conducted as follows:

1.2g of creatine monchydrate was dissolved in 100ml of buffer solutions (prepared by
mixing 200mM K,HPO, and 200mM Acetic acid, and adjusting the pH by the addition of
5M KOH) at pH 3.5, pH 5.0, pH 6.0 and pH 7.0 at room temperature. Dilutions were

made with distilled water for each pH value:

A) - no dilution



14gm sanpl e of. the .conposition conprised about 3gns of creatine.

of the powdered conposition were dissolved in 400m of distilled water,

the solution incubated under sterile conditions at 25-26[err]C for 2 weeks.

The pH of

al i quots of WR&

experi nment
hi gh- perfo

triplicate
PCT/ GB97/ 0
Ch

53.0

1.3

2.78

the conposition at the start of the experinment was 3. 66.

&iti on were drawn aseptically over the cBFEBSW4%he
and anal ysed for creatine and creatinine concentration. These
determ nati ons were made sinultaneousl by reversed-phase ion-pairing

5m

14 grans

and

rmance |iquid chromatography, according to the nethod of Miurakita
(1988 J. ofB)CH-:bimffegvany 432, 471-473). The experinment was performed in

n.gg,r,he results shown below in Table 1. WO 97/ 45026
767 9 Table 1

o 7:3 "2h 3h 4h 6h  Cr nmol/ 1
h3.1 , 53.1 54.7 53.2 51.7 (+SD)

B -4 1.5 0.9 2.1 0.1 O g/400n
F)2 58 w 2,79 2. 87 2.79 2.71

Final solutions were stored in capped plastic tubes. The tubes were stored at 4°C, shaken

every 2 hours or so and the time of precipitation appearance was noted.

The relative amount of precipitation after 78 hrs storage at 4°C was noted and the resuits
presented below, in Table 3. Tube D (7:3 dilution) was the highest concentration of
creatine which showed no preciptation after 78 hours. The concentration of creatine in

tube D was B8.4gms/litre. Accordingly, the stability determination experiment was
performed using the same initial concentration of creatine.

Table 3
Dilution § A | B|C |D)|EF,]J
Initial concentration of creatine 120 | 10.8 | 9.6 8.4 7.2 6.0

monohydrate (g/1)

Degree of precipitation by 78 hours:

pH 3.5 — x K - - - -
“pH 5_0 e * %k * - - - II
“pH 6.0 odok o * R . . “

pH 7.0 ek * > . - - ll

Relative precipitation: *** = heavy; ** = moderate; * = light; - = none

The stability determination was performed as follows. 14 gms of the formulation
described in Example 4 were dissolved in 250ml of distilled water. Additionally 14gms
of a second formulation were dissolved in 500mls. The second formulation did not

contain any creatine, but was otherwise identical to the formulation described in Example



(+SD) . 0.07 0. 00 0. 08 0. 05 0.11 0.01

% Cr 100 100 100 99.3 99.3 99. 2
remai ni ng 8h 1d 2d 3d 4d

1w 2w Cr W8 9rdstze 52.1 48.1 49. 6 46. 1 pcriéd7h1476 38. 8
31.7 (+SD) 0.8 2.1 1.0 0.5 0.8 1.4
0.1 Cr g/400mn 2.73 2.52 132. 60 2. 42 2.23 2. 04
1.66 (+SD) 0. 04 0.11 0. 05 0. 03 0. 04 0. 07
0.01 %O 4 107mis of We Secopd soluiibh were add®d: t6 th

: .8 oo [,
57.5 These results are arso represente grap%ifgiﬂ‘\%{/““Pﬁ' é.“’?ﬂ?'&% al?'§.
Figure 1 is dilgiaph of nean creatine concentration (filled circles) or
creatinine concentration (open circles) in muol/litre against tine
(measured in hours, days or weeks). Figure 2 is a simlar graph show ng
nean creat i ngoRf 6GleAiqutts Merecieooed dridake pH adflisRUWithBMIKGIg36:N& 1 uhidjiisted

Figure 3 is a_graph_show_ng rcenta creatine unconverted (filled

circles) or Fl’é'ﬁc%m? 6: Gr‘e@g%r{bﬁgdd’gﬁﬁ%d%%%‘%?‘édfqﬁwvféﬁ%'n“‘?}ﬂ%l“es)

agal nst t1 Ne.plastic rbes at 4°C. 0.5ml samples were removed from A - D and diluted directly into
100m1 distilled water at Ohours, 2d, 7d, 14d, 28d, 35d and 52d for analysis of creatine and
creatinine by HPLC, as described previously. The pH of the samples was also tested to

ensure it had not varied over the course of the experiment. The results are shown below.

Table 4 pH of samples over the course of the experiment.

pHvalues | Oh | Oh | 2d | 7d | 14d | 284
A 3.5 | 3.5 | 3.6 | 3.6 | 3.6 | 3.6
B 50| 51 |s1|s1]s1]| s
C 60| 61 [61]|61] 61|61
D 70 | 7.0 |71 (71} 71 | 70
Temp (°C) (200 | 4.0 {40 [ 40| 40 | 40 | 40 |

Results of the analysis of the stability of creatine are shown below in Table 5.

Table S - Stability of creatine over 52 days’ storage at 4°C.

[Cr] or [Cn] in mmel/L Day 0 %Cr remaining on day
[Cr] [Cn} 0 2 7 14 28 35 52
A 60.79 0.00 100 994 986 97.0 940 927 92.1
B 55.40 0.00 100 100 994 988 970 96.0 95.8
C 60.32 0.00 100 100 99.7 99.7 993 98.6 98.6
D 59.68 0.00 100 100 100 100 99.6 99.6 994

The above results are also represented graphically in figure 5. Figure 5 is a graph of %
creatine remaining against time (in days). The open circles with solid line show the
results for solution A, the solid circles with dotted line show the results for solution B, the

open circles with dashed line show the results for solution C, and the solid circles with



From these data it .was apparent that acidic solutions of creatine could be
stored at .anbient tenperature for 24 hours with very little | oss of

creatine. Longer storage (for 2-3 days) WO 97/ 45026
PCT/ GB97/ 0147

wi t hout serlg??s”{"ﬁ)"gg of creatine). Exanpl e 5 Thi s exanﬁ%@?@?&gblg a

study of the stability of creatine over 3 days in agueous sol utions at
di fferent pH val ues. 42 granms (three @ 14gm sanpl es) of the powdered
formul ation described in the precedi ng exanpl e were dissolved in 750m s of

distilled wWated anddaphed ling shoy thegesplty forgolyion D). g Gibase demépmtme@at even

t I f b d
wer o r - vei RESF e 158, ol 5 Bl SothRE LOERRY.5 30 of B NPealtl B 2T
pH 2.5, B beén Sonverted 40 Sreafinine Sarks vﬁyzhtﬂe B‘urtlierzchinie hﬁ uctﬁh'eﬂ)b\uﬂa}ngz 50%
acetic acid_ar 5N KOH. Afllﬁr' %ECH t ment 1t ?.r re re- \A/elghed to
ensure t he THAEEIR A SABIGHE e&%@“ﬁ'ﬂ%‘(’n eg‘%‘ﬁ F’ggl ‘c?’&sag'of’ﬁtér? STrRdge

available for physiological benefit. Thus an acidic formulation comprising creatine can

be prepared and stored successfully especially with storage at temperatres lower than
ambient.

Example 7

This example relates to a study of the stability of creatine over several weeks in different

(acidic) commercially available yogurts. during storage at 4°C. The smdy was performed
as follows. -

0.5gms of creatine monohydrate was mixed with 100gms of a commercially available
yogurt to give a creatine concentration of about 3.4mmol per 100gms. The supplemented
yogurt was placed in a domestic refrigerator set at 4°C. At various times, 2gms of the
supplemented yogurt was taken up into 100mls of distilled water. 1ml of the resulting
solution was filtered using a Whatman microfilter of pore size 12 kilodaltons, and the clear
filtrate was assayed for creatine and creatinine concentrations as described previously.
Three different types of yogurt (purchased from Tesco’s stores) were used in the
experiment: a low fat natural yogurt, a "healthy eating bio" yogurt. and a Fage Greek
yogurt. The resuits of the creatine analysis are shown below in Table 6, and are
represented graphically in Figure 6. Figure 6 shows a graph of % creatine remaining
against time (in days). The squares show the resulis for the low fat yogurt. the circles
show the results for the "halthy eating” yogurt, and the triangles show the results for the
Greek yogurt.

The stability of creatine in the different yogurts was extemely similar. The amount of

conversion of creatine to creatinine was about 6% or less after 31 days’ storage at 4°C.



The sanples were held at 25C for 24 hours, and 5nm aliquots drawn off for
anal ysis of creatine and creatinine concentration (as described previously)
at tinme points of 0.5hrs, 4hrs, 8hrs, | day and 3 days. The pH of the

sol utions was ¥sPbpgt €d, to ensure that the pH did not alt eericdenslurat |y
during the course of the experinment. These results are shown in Table 2

bel ow. Table 2 TEST SOLUTI ON
A B C D E 15 F G Target pH
2.5 3.5

_ 3. Table 6 Stability ofergatine in thgée differenf chmpgereially; iyajiable yogu

3.5 4. 3.5 : ﬁ%
- 3.7 4.7 | Lowgfephamral 4 Healthy eating bjo Gregk YogurRet brring to
Figure 4, thel figure shows gogireph off % cramuitne remi ning agai nspy tine
Starting pH 3.88 4.21 4.11
Day % creatine % creatine % creatine
0 98.6 99.4 99.3
13 ' 96.7 97.4 97.2
18 96.1 96.7 96.3
25 95.2 95.6 95.4
31 94.1 94.5 94.3

The presence of live bacteria in the yogurt does not appear to have any detrimental effect.
Thus yogurt represents an extremely useful vehicle for a creatine-containing composition,
especially as yogurts are conventionally handled and stored at lower than ambient
temperatures - the presence of creatine in the yogurt does not necessitate any additional

handling requirements in relation to temperature of storage.



WD 97/ 45
vor e A [ - 1 (masured i
urs or om se rons A-Flt TA® El.éSDBEE"Lﬁ)I utions A (pH2.5) and G
(pH85) are for clarityl]]l The RegeAGEDs as oIIovvs filled squares
= solution ?’M‘é’gg) open squa gtrom C (pH 4.5), SHQH Wf&ngl es =
solution D (pH 5.5), filled triangles = solution E (pH 6.5), and open
circles = solution F (pH 7.5). It canébe seen that, in general, the | ower
the pH the faster the conversion of creatine into creatinine. but even
sol utions of pH 4.5 or so are reasonably stable for up to 3 days. Breakdown
after 3 dayg pH 5.5, 4.5 and 3.5 was 4% 12% and 21% respectively. I n
fact it was ?ound that an exception to this general rule was that creatine
I's nore stable at pH 2.5 than at pH 3.5. After 3 days, breakdown at pH 2.5
was found to be 3% o that occurring at pH 4. 5. Exampl e 6
Thi s exarrpltle ?E'l !@@dg@gﬁ%ﬁu&ax&%@s@pﬁm Fe r&fngg?rgaé’f‘F'ne over a period
of 52 days in aqueous sol utons at different pH val ues held at | ower than

anbi ent tenperature (s eC| fically, 4] errL
2. A composition according to claim I, wherein the composition is a drink which is

isotonic and/or comprises electrolytes.

3. A composition according to claim 1 or 2, wherein the composition is an isotonic drink
comprising electrolytes.

4. A composition according to any one of claims 1-3, having a pH in the range 2.5-6.5.

5. A composition according to any one of the preceding claims, having a pH in the range
3.0-6.0.

6. A composition according to any one of the preceding claims, comprising pyruvate
and/or dihydroxyacetone.
7. A composition according to any one of the preceding claims, comprising pyruvate as

the sodium, potassium. calcium or magnesium salt(s) thereof.

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,
carbohydrates, amino acids. trace elements, colourings, flavours, artificial sweeteners, .

anti-oxidants, stabilisers, preservatives, and buffers.
9. A composition according to claim 1, wherein the composition is a stable. dry powder.

10. A composition according to claim 1, which upon mixing with a pre-determined

volume of liquid, gives rise to a drink in accordance with any one of claims 2-8.

This Sheet Has Been R laced




Firstly, has poor__sobttss B water at 4[err]C, an
experi muwmmg[ ﬂﬂrlet 0 e HARBTONdent rati ons of creatine used
in the s ermenatio ‘v'. I QEPDAC‘E@ e’ preci pitation of creatine

/
over a 5 week erlod The sqdlubittty=deter m nati on was con
fol |l ows: 1.2 6’1“%”?%at| ne nonohydrate was di ssolved in looﬁ#ﬁhﬁggﬁ?’fﬁer
solutions (prepared by m xing 200mM K[err]HPdJ err] and 200nmM Aceti c aci d,
and adjusting the pH by the addition of 8" KOH) at pH 3.5, pH 5.0, pH 6.0
and pH 7.0 at roomtenperature. Dilutions were made with distilled water
for each pH W&l ueh compgsitionrpscerdingttp gy one of the pagseding plaime provided as unitary
PCT/ GB97/ 0147, 12 B) - 9:1

(buffer:water) ¢) - 8:2 D) - 7:3E - 6:4F) - 55 "

12. A composition according to claim 1, wherein the composition is a yogurt or other
semi-liquid foodstuff.

13. A method of supplying a creatine-containing composition for human consumption, the
method comprising providing a creatine-containing acidic composition as a dry, stable
powder which, when mixed with water or a suitable aqueous solution gives an acidic drink

comprising physiologically effective quantities of creatine.

14. A method according to claim 13, wherein the powder is provided in unitary doses
which, when mixed with a pre-determined volume of water, gives an isotonic drink.

15. A method of storing an acidic liquid or semi-liquid composition for human
consumption comprising creatine, the method comprising storage of the composition below
ambient temperature,

16. A method according to claim 15, wherein the composition is stored at 4-8°C.

_
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Final solutions were stored in capped plastic tubes. The tubes were stored
at 4[erre] C, shaken every 2 hours or so and the tine of precipitation
appear ance was not ed. The rel ative ‘anmount of precipitation after 78 hrs
storage at 4| er(H-C was noted and the results presented bel @uydasndiafd € 3.
Tube D (7:3 dWUT*3W) was the highest concentration of creatine which
showed no preciptation after 78 hours. The concentration of creatine in
tube D was 8.4gns/litre. Accordingly, the stability determ nation
experinment was performed using the sanme initial concentration of creatine.
Table 3 Dilution 1 A B C D E
F Initial concentration of creatine {Q 0 10.8 9.6 8.4 7.2 6.0
nonohydrate (g/l) Degree of precipitation by 78 hours: pH 3.5

***  pH 5.0 *kx * pH 6.0
* k k% - pH 7 O * %
* - - - [err] Relative precipitation: *** = heavy; ** =
noderate; * = light; - = none

mmol/l

60+

*

40-

30 -

20+

10+

0 hours 4
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The stability determ nati on was perfornmed as follows. 14 gns of the
formul ati on described in Exanple 4 were dissolved in 250m of distilled
water. Additionally |4gnms of a second formul ati on were di ssolved in 500m s.
The second fof Lﬁ%ﬂﬂn did not contain any creatine, but WastRtdsSbishé e
identical to the tornul ation described in Exanple WO 97/ 45026
PCT/ GB97/ 01476 13 4. 107m s of the
second solution were added to the first solution, producing a 7:3 dilution.
Four 60m aliquots were renoved and th H adjusted with 5M KOH to: A -
unadj usted pH, B - pH5.0; C- pH6.0; T§ pH 7.0. 40m aliquots were
renmoved for storage in plastic tubes at 4[err]C 0.5nm sanples were renoved
fromA - Dand diluted directly into 100m distilled water at Chours, 2d,
7d, 14d, 28d, 35d and 52d for analysis of creatine and creatinine by HPLC,
as described previously. The pH of the sanples was also tested to ensure it
had not varied over the course of the experinent. The results are shown
bel ow. Tablegy4ﬂHDnj]sanples over the course of the experinent. pH
values Oh Ch 2d 7d 14d 28d 35d

3.5-

3.0-

!
t
F

2.5+

2.0+ '

1.5-

1.0

4h Y
P,
8h-
1d-

T ¥ 1 1T
s = =8 = = -~ T T = =
S~ a o N T N
]

Fig. 2
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A 3.5 3.5 3.6 3.6 3.6 36 368 5.0 5.1
5,1 5.1 51 51 51C¢C 6.0 6.1 6.1 6.1 6.1 6.1
6.1 D 7.0 7.1 7.1 7.1 7.1 7.0 7.0 Tenp ([err]C)20.0
4.0 4.0 4, 4.0 Results of the analysis of th I kY Of
creatine are s ghﬂéggiow in Table 5. Table 5 - Stability gfiﬁﬁggﬁ%ﬁe over
52 days' storage at 4[err]C [C]l or [Cn] in mol/L Dav 0 %Cr
remai ni ng on day [Cr] [Cn] 0 2 7 14

28 35 52 A 60.79 0.00 100 99.4 98.6 97.0

94.0 92.7 92.1 B 55.40 0.00 3, 100 100 99.4 098.8
97.0 96.0 95.8 C 60.32 0.00 6 100 100 99.7 99.7 99.3
98.6 98.6 D 59.68 0.00 100 100 100 100 99.6
99.6 99.4 The above results are also represented graphically in figure

5. Figure 5 is a graph of % creatine remaining against tine (in days). The
open circles with solid line showthe results for solution A the solid
circles with dd@bed line show the results for solution B, the open circles
wi th dashed |ine show the results for solution C, and the solid circles

with 100-
99-
80-
70-
60-

| R L A e A L

IR R I I I I - -

S =mAan TR~ NN T N
=

k;
7
w
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show the results for the "halthy eating" yogurt, and the triangles show the
results for the Geek yogurt. The stability of creatine in the different
yogurts was extenmely simlar. The anmount of conversion of creatine to

creatinine was about 6% or |ess after 31 days' storage at
VO 97/ 45026 WO 97/45026 4 &édoTmo1a7e

PCT/ GB97/ 01476

15 Table 6 -

Stability of creatine in three different comrercially avail able yogurts
Low fat natural Heal thy eating bio G eek yogurt
yogurt yogurt Starting pgl 3. 88 4.21
4. 11 Day % creatine I6 % creatine %
creatine 0 98. 6 99. 4
99.3 13 96. 7 97. 4 97. 2
18 . 96.1 96. 7 96. 3 25
95. 2 95. 6 95. 4

102.07
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31 . 94,1 94.5 94.3 The
presence of live bacteria in the yogurt does not appear to have any
detrinmental effect. Thus yogurt represents an extrenely useful vehicle for
a creatine-containing conposition, especially as yogurts arg-pésvisisgé onally

handl ed and st & | ower than anbient tenperatures - the presence of
creatine in the yogurt does not necessitate any additional handling
requirenents in relation to tenperature of storage. Cl ai s 1.

An aci di c conposition for human consunption, conprising creatine and one or
nor e -addi ti onal conponents sel ected frgmthe group consisting of: vitam ns,
| i pi ds, carbohydrates, am no acids, trgq%belenents, col ouri ngs,
flavourings, artificial sweeteners, antiQoxidants, stabilisers,
preservatives, and buffers. 2. A conposition according to claim1,
wherein the conposition is a drink which is isotonic and/or conprises

el ectrol ytes.

%Cr
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3. Aco glonﬂaeeer—m—ngA—e—e-l—m—m—l or 2 \/\herelnthe conposition is an

| sot oni Tl sing el ectrol ' conposition according to any
one of mjﬂl{!ll E UIﬁ &l!i/lhe range 2. 5 6. 5. 5. A conposition
accor di any o] ng clahgs, having a pHin the range
3.0-6.0. 6. A conposition according to any one of the preceding clains,
conpri sing pyruvate and/or dihydroxyacetone. = 7. A conposition according
to any one .of the preceding clains, conprising pyruvate as the sodium
potassi um c€laimsm or nagnesi um salt(s) thereof. 8. A conposition
according to claim1, wherein the conposition iis a stable, dry powder. 9.

A conposition according to claim1, which upon nmxing with a pre-determ ned

vol unme of Ii gw ﬂn agidy@&rﬁpoiﬂlthoﬁhlﬁﬂam&dsmpmgrodmpmmgnctréhnaaym@bﬁe of more
clains 2-7. . A conposition according to any one of the preceding,
cl ai ns provmﬂ;ﬂthgll uedmpanenig o selected from the group consnstmg of: vitamins, lipids,
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& arbohydrates, amino acids, trace elements, colourmgs flavourmgs artificial sweeteners,

anti-oxidants, stabilisers, preservatives, and buffers.

2. A composition according to claim 1, wherein the composition is a drink which is

isotonic and/or comprises electrolytes.

3. A composition according to claim 1 or 2, wherein the composition is an isotonic drink

comprising electrolytes.
4. A composition according to any one of claims 1-3, having a pH in the range 2.5-6.5.

5. A composition according to any one of the preced'ing claims, having a pH in the range

3.0-6.0.

6. A composition according to any one of the preceding claims, comprising pyruvate

and/or dihydroxyacetone.

7. A composition according to any one of the preceding claims, comprising pyruvate as

the sodium, potassium, calcium or magnesium salt(s) thereof.
8. A composition according to claim 1, wherein the composition is a stable, dry powder.

9. A composition according to claim 1, which upon mixing with a pre-determined -

volume of liquid, gives rise to a drink in accordance with any one of claims 2-7.

10. A composition according to any one of the preceding claims provided as unitary

doses.
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17 11. A COMpPOSi agin according to claim1, wherein the corrp05|t|on s a

‘yogurt or other f# w U"Hm tuff. . 12. A method of suppl ying a
Greati ne-cont ai ni or human consunption, the method

conprising providing a cr eat i’neXcont ai ni ng.7aci di ¢ conposition as a dry,
stabl e powder which, when mxed with water or a suitable aqueous sol ution
gi ves an aci diic (Arcqsthpmimracsom@goiwﬂalm b,gwhaielrythefcbarpbsnﬁenomarybgmnt @s odfer
creati ne. 13. A et hod cording to claim 12, wherein the powder is

provi ded in gemi-Hayd deeds &lm ch, when nixed with a pre-deternined vol ume of
wat er, gives an isotonic drink. 14. A nethod of storing an acidic liquid
or sem' -liquid conposition for human consunption conprising creatine, the
met hod conpr ilgi Agmsthod af supplyindie creatigrosintdining bempositorfos humas cpesuaiptios. the

15. A net hod accordln to cla| 14, wherein the c r(“ﬂ)os ition.is stored alg
4- 8[ er I’] C. met Od comgnsmg pI'OVl g a creatine- contammg ac1 C composmon as a drv St le

powder which, when mixed with water or a suitable aqueous solution gives an acidic drink

comprising physiologically effective quantities of creatine.

13. A method according to claim 12, wherein the powder is provided in unitary doses

which, when mixed with a i)re-determined volume of water, gives an isotonic drink.
14. A method of storing an acidic liquid or semi-liquid composition for human
consumption comprising creatine, the method comprising storage of the composition below

ambient temperature.

15. A method according to claim 14, wherein the composition is stored at 4-8°C.
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