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Glycogen, a macromolecule comprised of up to 120.000 glucose monomers is stored in
discrete granules in the cytoplasm of muscle and liver cells, which granules also contain the
enzymes required for the synthesis or degradation of said polymer. Degradation of glycogen
15  in muscle and liver cells is effected upon an external signal, such as a high energy require-

ment by muscle cells or a low blood glucose level.

In the body glycogen is primarily used for quickly providing energy, since glucose may also
be degraded anaerobically. Moreover, apart from providing a constant glucose level in the
20  blood, the concentration of glycogen in the muscles has been shown to be one of the major
determinants for endurance capacity. In consequence, for athletes it is imporiant to ingest

adequate amounts of carbohydrates before sportive activity to increase endurance.

Fat, apart from providing essential fatty acids and a solvent system for vitamins, also
25 represenis a major fuel for mammalian daily physical activities. It is available for oxidation
in muscle cells both from extramuscular sources, represented by circulating lipids, and intra-

muscular sources,

The intramuscular source is essentially comprised by two distinet lipid compartments. One



WO 03/013276 PCT/ P02/08051 2 source is constituted by adi pocytes, present
i n-between nuscle fibers and designated extra- myocellul ar |ilp2d3AE008) .
Anot her conpartnent for lipid storage is represented by discrete lipid

droplets i wi th nuscle mtochondria, which lipi T?ﬁﬁ < S terned
intra- nyoc%’éf@ﬂ’#%%l I pids (IMCL). 5 Depending on the worl% oa ?I&%rrﬁlscl e .

energy netabolismuses different proportions of carbohydrates and |i pids.
In the recent past, research has shown Zhat an unexpect edly high
proportion of the lipid energy during endurance exerci se was bei ng derived
f r om nus csoarcetis icghispigred by sdipagytes)present fin-betwigen musclp {Derscad d@blge&tvgax%at

pr ol onged_sust.ai ned. .e Lse,enl arges nmuscl.e .- t.Li ' : gan
o ol Aol e P T 8 IR R Gl T R B 6o 3B
and. oxi dakipi@nirbgietsciat égntet vath muédlk thitochbiydiia®lwhidb Zip(dl 88idYe iE#Drhed 10499-,
which fact is_ deened to be one of the reasons for sparing glycogen during
subnmaxi naWY%@W@HEP‘éFWhS exerci se and eventually add to an increased
physi cal performance. On the other hand, the provision of high carbohydrate
food material, -which is knowmn to be optinmal for glycogen | oading before
acti vi ty, Dapepdingabs ché emotkioad amusdel cdnergy- mietebolign | wse§ adiffersito pmportions of

addi tion, prql Qqnged st.ai ped exercise is cqonsidered to essenti al lead to
a 20 depl @E}ﬁwﬁ]&?esmv%ﬁme%oiﬁl b e Bt escardh, o, %Wﬁéafc?_ 76),
71-98). | roF&ﬁpntdf%@ﬁiafdeme?gefa&mg InRPERE Ak bleRE RsChds BertRl didrh GRS cERY
exi st tha Imt the exercisg& capacity sinply due to a reduced

avai | abi | iigjycefiddsocal |y stored |ipids. Consequently, there is a need in the
art, f% means to influence the intramyocellular lipid |evel

To this end, it has been observed that prolonged sustained exercise enlarges muscle
triglyceride stores (Morgan et al., Am. J. Physiol. 216 (196%9), 82-86) as well as fatty acid
uptake and oxidation (Turcotte et al., Am. J. Physiol. 262 (1992), E791-E799), which fact is
deemed to be one of the reasons for sparing glycogen during submaximal periods of an

15  exercise and eventually add to an increased physical performance.

On the other hand, the provision of high carbohydrate food material, which is known to be
optimal for glycogen loading before activity, might also lead to a reduction in muscle fat
stores. In addition, prolonged sustained exercise is considered to essentially lead to a
20  depletion of IMCL (Oberholzer et al., Schweiz Z. Sportmed. 24 (1976), 71-98). It i1s,
therefore, presently deemed that exercise conditions may exist that limit the exercise capacity

simply due to a reduced availability of locally stored lipids.

Consequently, there is a need in the art for means to influence the intramyocellular lipid level
25 in muscle cells, so as to provide an optimal balance between glycogen and IMCL as energy

stores,

An object of the present invention resides therefore in providing such means.

30  This problem has been solved by a lipid blend containing particular lipids in an amount such

that the level of intramyocellular lipids in muscle cells of the respective individuals is
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acids to util1rzed are n-3 eic, n-3 Iinolenic, eicosatrienoic
(C20: 2 n-Bfigesils. di hono- ganma-1inol enic, arachi donic, ei cosapentaenoic
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of the stearic and palmtic acids in the present blend mainly resides in
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the 6" ik Br longer chain fatty acids of the -6 family in an amount of from 15-25%, stearic and
palmitic acids, both together in an amount of from 0-15%, and polyunsaturated fatty acids of
the n-3 family in an amount of from 1-10%, each in form of glycerides and all based on the

final fat content of the nutritional product.

15 Examples for polyunsaturated fatty acids to be utilized are n-3 linoleic, n-3 linolenic,
eicosatrienoic (C20:2 n-6 cis), dihomo-gamma-linolenic, arachidonic, eicosapentaenoic

(C20:5 n-3 cis) and docosahexaenoic (022:6 n-3 cis) acids.

The major task of the stearic and palmitic acids in the present blend mainly resides in

20  alleviating a mixing of the blend for the producer.

The lipid blend may be used as such, e.g. as an edible oil, but may likewise be included in a
carbohydrate-containing food, with no less than 30%, preferably 30-70%, of the energy as
fat, Insulinogenic proteins, such as from whey fractions or hydrolysates, which will provide
25  0-20% of energy, and additionally amino acids, such as leucine (0-5% of energy) and/or

arginine (0-5% of energy), may also be included in the composition.

According to an alternative embodiment the present invention also provides a lipid blend
designed to reduce the accumulation of IMCL in an individual. The subjective blend contains
30 medium-chain triglycerides {(Ce-Cy, fatty acids) in an amount of from 40-65%, and
triglycerides with long-chain (= C;4 chain length) saturated fatty acids preferably esterified in



fat. Insulinogenic proteins, such as fromwhey fractions or hydrol ysat es,
which wll provide 25 0-20% of energy, and additionally am a.r“ﬂ@s2 @uch
as | eucine (0-5%of energy) and/or arginine (0-5% of energy), QII] o0 be
i ncl uded i osition. According to an alternativ Jignt the

pr esent mS%éléﬁD%qglpso provides a |ipid blend desi gnedeﬁo re%uce t he
accunul ation of IMCL in an individual. The subjective blend contains 30
medi um chain triglycerides (C6-Cl2 fatt9 acids) in an anount of from ‘
40-65% and,  triglycerides with long-chain (> Cl4 chain |en th) sat ur at ed
fatty aci®Rpsitiongdapgier § of shesglygeredgnolacude o gyanomoef fomds) 0303%7 gnd monoun-
PCT/ EPO2/ d r.ol call

amount of “Fiasd 45 BABshERR AR s PrelirableaRiRE 8 peliRor Y 48 e,
aci ds pr efigeendilnyoleailewhére ¢tk lofig piesi fati9acids afe Hobﬁd $IaﬁiEaInGLhI}t©Efrﬁhl ovpd%cul e
where the long chain fatty acids are bound, in an anmount of from0-30% 5
Exanpl es for C6-Cl2 fatty acids are hexanoi c, octanoic, decanoic and
dodecanol pragilélsrr 29, FX9MRIdSSrd B8 ah&ego&mieﬁdéa}l{.%aa 'd@ae Sic REMH dnfaC
pal mtol eic, st eari ¢ and Ol elc aci whi | exanpl e yunsat ‘ur at ed
fatty aci ej@mpteslfer lomgcthiain fhtte agide seepalinitien dalariweldid, sehEe cand oleummch&; ivchile

ei cosatri enoi n-6 Ci di ho i.nol eni c I donj. c.and
ei cosapentash S(%Zé?(f?”'g‘sﬁ”@teﬁ) Waﬁ%otog% “Fﬁ‘i Rofe Hﬁ?se{lﬁi’?eﬁgnge lelc

pol y- uns afinblati€d eic@&étﬂierﬁ@d ag202 Ri-bmefsh,| H1ﬁo?n&§£1@ﬁ£—l1£$l@ru€0|£ﬁdlhh&mdm{nﬁ
susceptible to h drolysis in the gastro-intestinal tract. The l'i pid blend

may be us@@PSaBBIE&?@hlc( 51101)%@@1&‘3; ons conprising such lipid mxtures as
15 deggri bed above may al so contain cocoa butter and/or palmkernel oil (as
conponents of the mediumchain triglyceride fraction), and nono- and di- as

wel | as oTirerold bf g 1686 stepoly-anshturbiet 386 héld{ & fiddadll; thhendeatths molecule
more susceptible to hydrolysis in the gastro-intestinal tract,

The lipid blend may be used as such. Yet, compositions comprising such lipid mixtures as

15  described above may also contain cocoa butter and/or palm kernel oil (as components of the
medium-chain triglyceride fraction), and mono- and di- as well as other tri-glycerides, and
triacetin (0-10% of the fat).

.The final composition may also include minerals, in particular calcium or magnesium (0.5-

20 2.0% per weight) as salis. This feature allows to render part of the fat indigestible, and thus
unavailable for the body.

Other constituents may be added to the composition to either enhance or inhibit IMCL
deposition, such as carnitine and creatine, or to improve the nutritional value, such a vitamins

25  or other essential fatty acids, or to ensure appropriate shelf life, such as food grade

antioxidants.

The final nutritional formulation may be in liquid as well as in solid food form. In principle,
the lipid blends of the present invention may be used as such or be included in any food
30  material, with the proviso that the fat intake of an individual is primarily effected by means

of the lipidic blend of the present invention, to obtain the desired objective, namely providing
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restriction or punctual caloric overfeeding may be used in combination with the lipid blends

to reach the desired effect.

15  According to the present invention it is now possible to influence the accummlation of
intramyocellular lipids (OMCL) towards either higher concentrations, or lower
concentrations, using nutritional or food compositions containing the specific blends of
dietary lipids and optionally other components, with the purpose to modulate functions. A
larger accumulation of IMCL will eventually provide an extra source of local lipid energy for

20 endurance athletes improving their physical performance. A reduced accumulation will
contribute ’Ico improve metabolic control in e.g. sedentary individuals and individuals with a .

degree of glucose infolerance and insulin resistance, hence promote better health.

When ingested as a fraction of the daily food, a food composition of the present invention
25  with appropriately designed lipid mixtures will promote IMCL storage. In the treatment
designed to boost up IMCL, the invention provides the advantage that IMCL stores of
endurance athletes can be predictably increased so as to maximize performance. Therefore,
an advantage provided by the present mvention resides in that endurance athletes may
increase or decrease their IMCL level in a controlled manner during the dietary preparation

30 for an event, or after an event, when wishing to maximize muscle energy stores as IMCL.
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invention ensues from cross-sectional observations showing that insulin resistance is
15  positively and independently correlated with IMCL in non-athletic individuals. The
advantage of the particular lipid blends used to prevent IMCL finds support in observations

that different fatty acids accumulate in vitro in muscle cells to varying extent, and is based on

the evidence of the existence of a molecular link between an increased availability of
saturated fatty acids and the establishment of insulin resistance in skeletal muscle. The use of
20  medium-chain glycerides is supported by the observation that these lipids are oxidized faster
and stored with a lesser efficiency in the bddy than long-chain glycerides. The inclusion of
minerals in the composition is supported by observations thai saturated long-chain fatty acids
(especially when they are in position lor 3 on the glycerol molecule) are saponified and
excreted as calcium (or magnesivm) salts undigested in the feces, with the effect that a

25  fraction of them does not even reach the blood.

The invention will now be described by means of non limiting examples.
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i ncr easi rpidermalegrowtts favtpr] EBinedibwhyagiier myoblast fusion, cells were rinsed in Hank's
balanced salt solution and a medium devoid of FGF, EGF, and glutamine was added. Muscle

cultures were maintained in this medium for up to 4 weeks.

15  Cells were incubated with DMEM + glucose (25 mM) + 0.5 mM FFA salt bound to albumin
(in independent experiments for each FFA), for 24 hrs at 37°C. As examples for the fatty
acids used i blend 1 (promoting IMCL storage), oleate (C18:1 cis), linoleate (C18:2 cis/cis),

1n-6 linoleate and n-3 linoleate.

20 As examples for the fatty acids used in blend 2 (inhibiting IMCL storage), octanoate (C8:0),
palmitate (C16:0) and stearate (C18:0).

After incubation, cell lipids were extracted according to the method of Bligh and Dyer (Can.
J. Biochem Physiol 37: 911-917, 1959). To determine the IMCL content, extracts were
25  prepared by scraping cell monolayers in a buffer consisting of 50 mM Tris, 100 mM KCI, 20
mM KF, 0.5 mM EDTA and 0.05% Lubrol PX, pH 7.9, and they were sonicated three times
for 5 seconds. Homogenates were centrifuged at 11'000 g for 15 min and the resulting
supernatants were collected. Total triacylglycerol (i.e. IMCL) was measured with a Cobas-
Bio autoanalyzer with a GPO-Trinder kit, with triolein resuspended in the extraction buffer
30 as a standard. The intramyocellular nature of the triglycerides was evidenced by histo-

chemical staining with Sudan IO in 70% ethanol.
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Ability to modulate IMCL in man by diet

15
Using proton NMR spectrometry, the effect of the diet on IMCL storage in man was
investigated. Six endurance-trained subjects were submitted to 2hrs exercise (designed to
decrease IMCL stores in nmscle) after which they followed a diet low in fat (15% of energy
as lipids) for one and a half day.

20 _
On anothet occasion, they followed a diet rich in fat (55% of energy as lipids) after the
exercise. More than 50% of the fatfy acids in the high-fat were provided as a food product
with a fatty acid profile selected to promote IMCL storage, in this case : oleic acid 59%,
linoleic acid 26%, palmitic acid 5% and stearic acid 3%. The diets were isocaloric.

25
IMCL levels were measured before and after the diet in the #ibialis anterior muscle of the

right leg according to Boesch et al., Magn. Reson. Med (1997) 27: 484-493.

IMCL content low-fat diet high-fat diet
mmol/kg wet muscle

re-diet 2.53%1.13 2.53%1.55
post-diet 2.73+1.15 4.254+1.99



WO 03/ 013276 PCTI EPO2/ 08051 8 As it is shown in Figure 1, no accunul ation
of I MCL was observed in cells exposed to the medium chain Iimgwggﬁﬂﬁ
octanoate (conparable to the FA acid free control nedium, €

significan ation was achi eved after incubation wth |ong-chain FA
The 5 sat u&%@g@ﬂﬁ& pal mtate and stearate induced a node %?’%P')%@%F’rlesi S,
with no significant difference between them In contrast, a notably higher
synt hesi s was observed from unsaturatetl FA, ol eate and |inol eate, conpar ed
to saturated FA (between 2.5 and 4-fold higher). 10 This exanple
denonstrates that nuscle cells exposed to different fatty acids accunul ate

them to V.l t i i j -1 .40 :

| ovel s, Bt TMRIE R0y shEMS JdrPle oyt UE tbBPton colp MR bbb,
NVR spectiodiet IMCLilbelsibireatd 68%t (Pe040EX on | MCL storage in man was

i nvestigated. Six endurance-trained subjects were submtted to 2hrs
exercise (designed to decrease IMCL stores in nuscle) after which they
fol | owed p,idi i (R % (oY fin | f
day. 20 (s Rinpp Yehln s et oGl Pt 870 pkhte o ing LR IGPERS
ener gy asscidspseldeyd tf premotelstoragey aconivsitate RACE. t han 50% of the fatty acids in
the high-fat were provided as a food product with a fatty acid profile
selected to promote | MCL storage, in this case : oleic acid 59% linoleic
acid 26% palmtic acid 5% and stearic acid 3% The diets were isocaloric.
25 I MCL |l evels were neasured before and after the diet in the tibialis
anterior muscle of the :



right |leg according to Boesch et al., Magn. Reson. Med (1997) 27: 484-493.

| MCL content |lowfat diethigh-fat diet ninol/kg wet nuscle

re-diet2. 531.132.531. 55 post-diet2. 731.154.251.99 1 z JAN120061y\Onf31013276
PCT/ EP0O2/ 08051 9 The change in IMCL levels after the lowfat diet was not
different fromzero. After the high- fat diet, IMCL |evels increased 68%
(P<0.001). 5 This exanple denonstrategg that a person exposed to a product
providing lipids with fatty acids selected to pronote storage, accumul ate
IMCL. 1 2 JAN 2006 10 Cains 1. Alipid blend, designed to increase the
intranyocellular lipid level in an individual, characterized in that it
contains 5 oleic acid of fron150-70§$“W@6 linoleic acid of from 20-35% n-6
linoleic acid or longer chain fatty acids of the n-6 famly of from 15-25%
stearic and palmtic acids, together in an anount of from 0-15% and

pol yundat uAdinadiblend tdesigoedity infreadedhmingamynddifalar lipid level dysn ingividual f ood
Eroduct Ch@ﬁﬂ&ﬁ&h&&%gﬂkpﬁE&%EnLt contains a |lipid blend according to claim

5 oleic acid of from 50-70%,
n-6 linoleic acid of from 20-35%,
n-6 linoleic acid or longer chain fatty acids of the n-6 family of from 15-25%,
stearic and palmitic acids, together in an amount of from 0-15%, and

polyunsaturated fatty acids of the n-3 family from 1-10%.

10
2. A food product characterized in that it contains a lipid blend according to claim 1.
3.  The food product according to claim 2, characterized in that it contains
carbohydrates.
15
4.  The food product according to claim 3, which further comprises insulinogenic
proteins, and optionally additionally amino acids.
5. A food product according to any of the claims 3 to 4, which is selected from mulk,
20 yogurt, curd, cheese, fermented milks, milk based fermented products, ice-creams,

fermented cereal based products, milk based powders, infant formulae, energy bars,

liquid foods, formulae for clinical enteral nutrition, energy drinks and pet food.

6.  Use of a lipid blend according to claim 1 for the preparation of a food product
25
7. The use according to claim 6, wherein the food product is selected from milk,
yogurt, curd, cheese, fermented milks, milk based fermented products, ice-creams,
fermented cereal based products, milk based powders, infant formulae, energy bars,

liquid foods, formulae for clinical enteral nutrition, energy drinks and pet food.
30



3. The food product according to claim2, characterized in that it contains
carbohydrates. 15 4. The food product according to claim3, which further
conprises insulinogenic proteins, and optionally additiodall JAN#EH acids.
5. A food product according to any of the clains 3 to 4, which is selected
frommlk, 20 yogurt, curd, cheese, fernmented mlks, mlk based fernented
products, ice-creans, fernented cereal;based products, m |k based powders,
infant formul ae, energy bars, Iliquid %oods, formul ae for clinical enteral
nutrition, energy drinks and pet food. 6. Use of a |lipid blend according to
claim21 for, the rgﬂgt%rati on of g f.ood produyct 25 7, The use according to

cl ai m 68 wHtPrOeesSIpithe BERHIGR QL food nyequct designed dodneraage they ogurt, cur d,
cheese, fenpent i : 4 ek W j :
fermented cer eafﬂgigﬁslgfélff%gl%wjgl&ng@ %ﬁn&iﬂﬁgéseﬁ %8\%’2? g%léﬁtfegﬁgrﬁ{)r %I ae,

ener gy bar dipid blegdiaatofdinglt, cliior hwithen fimgestablewanier. enteral nutrition, energy
drinks and pet food. 30 1 2 JAN 2006 11 8. A process for the preparation of
a food product designed to increase the intramyocellular lipid level in an
i ndi vi dual, which conprises the steps of mxing a |ipid blend according to
claiml with an ingestable carrier.



