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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 important 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  represents 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 distinct lipid compartments. One



source is constituted by adi pocytes, present in-between nuscle fibers and
desi gnated extra- nyocellular lipids (EMCL). Another conmpartnent for lipid
storage iworgpresented by discrete |ipid droplets in contaTtEPaz/efesnuscl e
m tochondria, which lipid source is ternmed intra- myocellular |ipids
(I'MCL). 5 Depending on the workload, nuscle energy netabolismuses
different proportions of carbohydrates and lipids. In the recent past,

research has  shown th an_unexpectedly high proportion of the lipid
ener gy EOWICRdS EORRIPHAL by RO, R&éerﬁépﬁge%w%@n pRlEcle fdheTaand dgsignated extra-

triglycer] . kS end, .l . .
sust al no e HpitE I E Aoulcr oD paERH: BRIRE SRclTs rRRaRNER gscretey,
J. Physiipld d2dfiets 1i268ntad2wf) masclvahltodfontah! Wiae (Fi_;)idl@bak@_ Bngrgsd datrhon
(Turcotte et al., Am J. Physiol. 262 (1992), E791-E/99), which fact is
deenmed myoselldaelipids {(IMCELgasons for sparing gl ycogen during submaxi mal
peri pds of an 15 exercise and eventually add to an increased physical
performance. On the other hand, the provision of high carbohydrate food
mat er| abep@ﬁﬂiﬁg 61? B 0NBy I?acf?emugﬁé'%ﬂ%kgf %et%é(l?s?ﬂ%%e% O&i¢fePéht bﬁjoﬁ{)ﬂions of
activity, mght also |lead to’a reductiomn in nuscle tat stores. tn
addi ti ogarbphpdrang emddysitisiIncle @¥&ME past, kdselPAHMahodnt hatas &Rtk dctadly @ggh to
a 20 depletion of IMCL (Qoerhol zer et al., Schweiz Z. Sportned. 24 (1976),
71-98) . praportéon of Hee éibut enengy ebring sndisarasdexteheise avesrlding devmed tficon snussie
exist that limt the exercise capacity sinply due to a reduced
avai | abfrpgly?/erg}fes.| ocally stored |ipids. Consequently, there is a need in the
artydor neans to influence the intranmyocellular lipid level 25 in nuscle
cel }s, so as to provide an optinmal bal ance between gl ycogen and | MCL as
ener gy Tst dfiesendAnt dakebéenobbidieed rikste prolbigeRinsusiine€ Séxdesisé h@fEey enigtle
provi di ng such neans.

triglyceride stores (Morgan et al., Am. J. Physiol. 216 (1969), 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). 1t is,
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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all based on the final fat content of the nutritional product. 15 Exanples
for polyunsaturated fatty acids to be utilized are n-3 linoleic, n-3

| i nol eni_c, icosatrienoi¢ (C20:2 n-6 ci.s), dihono- -1 inal eni .

ar acht B d Forg ae its ehemerneast wherein riy<CyTaE ARl B DerB e RBTBFA0 rasious
n-3 Cis}tﬁﬁk . The major task of the stearic and palmtic acids in the
present BPen mainly resides in 20 alleviating a m xing of the blend for
the producer. The lipid blend my be used as such, e.g. as an edible oil,
but may |ikew se be included in a carbohydrate-containing food, with no

| ess t hanligddensrefithe atdsyntdoveacian, designrs formsempptealMCLtoragasoniaipypicacid

proteins, such as om fract.ions or.. hydrolysates, whi i 1.1 _praovi de
25 0- 209 ¥ a@ﬁ&%&}ff ﬁ%ﬁ?ﬁ@%‘m Pb‘?C]QP&?Ca?ﬁl%‘Y AR Agw it 6 ﬁoggﬁ%é%,,pé 1JOkpIc ¢
ene{gy) r G i (0= R NEN, i Foag l19cesd, | fedrteand
comsoa) Y ned @l Ryl i Othe MG WK, Aol of S0 190806 SedlPond,
al so pr p¥lndes adidk, tith t&ediet 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 (C22:6 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 (C¢-Cy, fatty acids) in an amount of from 40-65%, and
triglycerides with long-chain (= Cy4 chain length) saturated fatty acids preferably esterified in



designed to reduce the accunmulation of IMCL in an individual. The
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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 compositidn may also include minerals, in particular calcium or magnesium (0.5-
20 2.0% per weight) as salts. 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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to reach the desired effect.

15 According to the present invention it is now possible to influence the accumulation of
intramyocellular lipids (IMCL) 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 ;co improve metabolic control in e.g. sedentary individuals and individuals with a

degree of glucose intolerance 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 invention 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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cont@i ned in the conposition according to the present invention, assists in
channeling the dietary lipids towards storage rather than oxidation. 10 In
the treai nbotireidmedn Msighed eV prvehtMIMGIC cicouinatation, théeinveméoi ippovifesothales
the advantage that | MCL stores of sedentary persons can be predictably
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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 body than long-chain glycerides. The inclusion of
minerals in the composition is supported by observations that saturated long-chain fatty acids
(especially when they are in position lor 3 on the glycerol molecule) are saponified and
excreted as calcium (or magnesium) 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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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 m blend 1 (promoting IMCL storage), oleate (C18:1 cis), linoleate (C18:2 cis/cis),

n-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 KCl, 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 III in 70% ethanol.



cultures were maintained in this mediumfor up to 4 weeks. 15 Cells were
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Example 2
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 muscle) 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 fatty 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 tibialis anterior muscle of the

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

IMCIL. content low-fat diet high-fat diet
mmol/kg wet muscle

pre-diet 2.53+1.13 2.53%1.55
post-diet 2.73£1.15 4,25+1,99




10 This exanpl e denonstrates that nuscle cells exposed to different fatty
acids accunul ate them to a variable extent, resulting in either higher or
| ower | MONOloawed23¢ Exanple 2 Ability to nodulate | MCL i n mam/Hpyg2/eiost 15
Usi ng proton NVR spectronetry, the effect of the diet on I MCL storage in
man was investigated. Six endurance-trqined subjects were submtted to
2hrs exercise (designed to decrease IMCL stores in nuscle) after which
they followed a diet lowin fat (15% of energy as lipids) for one and a
hal f day. 20 On anot her occasion, they followed a diet rich in fat (55% of
ener gy (=50 fryr el in
t he hi gﬁﬁ? \%gi%llgii(%lgllegé edéftse?gﬁ%ggﬁagrd (l})éél};?[s %@%ﬁ&ghﬁarﬁi{/‘&;%% pr of |Hlﬂ%l
sel ect efit ﬂmt JAMOD tlevel Mokreatet 6898 ,(P<0.00h).s case : oleic acid 59% linoleic
acid 26% pal mtic 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

ant nmuscl e, of, the eq accordin to Boesch_et n.
Ved 1650 PG demgSstanstibng grtaRE PosPaco g BeanrReifhg B Mo SRS .
nmuscl e @sé@l&ttec?t %ﬁ%m%@e &01%%3 aﬁ,’éunﬂpgé dicgt 2. 731. 15 4.251.99 WO 03/013276
PCT/ EP02 08051 9 e change™in | evel s after the lowfat diet was not
different fromzero. After the h| gh fat diet, IMCL levels increased 68%
(P<0.001).



5 This exanpl e denonstrates that a person exposed to a product providing
lipids with fatty acids selected to pronote storage, accunulate I MCL. WO
03/ 013276WwB@3LEROZ/ 08051 10 Clainms 1. A lipid blend, de®CymPd2/085i ncrease
the intranyocellular lipid level in an individual, 5 characterized in that
it contains oleic acid of from 50-70% 6 linoleic acid of from 20-35%
n-6 linolenic 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 10 pol yunsaturated fatty acids of the n-3 famly from1-10% 2. Alipid
bl end desi gned to decrease the accunulg4ipn of intramyocellular Iipid in an
i ndi vidual, characterized in that it contains nediumchain fatty acids in
an amount of from 40-65% 15 glycerides- with |long-chain saturated fatty
acids of from20 - 50% and nonounsaturated or polyunsaturated fatty acids
in an abount Adfipifirtdend)-d3eDgned to Andreass the ddﬁll@mycwglﬂlé?étlé?lﬁ Aexeliin aphiggdivigual,
contains a lipid blend accoarding to claim1l or claim2. 20 4. The food
product accof r%erﬂ%?%dpgh%f%?o@%&?acteri zed in that it contains
carbohydrates. 5, .fhe:f gpfop siflvgd, according to claim3 or 4, which
further conprises |nsuﬂ|nogen|c proteins, and optionally additionally
am no aci ds. 25 6n-6Aidoded apidashfedmolbed 86t erized in that it contains a lipid
bl end according to claimb5.

n-6 linolenic 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

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

2. A lipid blend designed to decrease the accumulation of intramyocellular lipid in an
individual, characterized in that it contains
medium-chain fatty acids in an amount of from 40-65%;
15 glycerides with long-chain saturated fatty acids of from 20 - SQ%, and

monounsaturated or polyunsaturated fatty acids in an amount of from 0-30%.

3. A food product characterized in that it contains a lipid blend according to claim 1 or
claim 2.
20
4. The food product accdrding to claim 3, characterized in that it contains carbohydrates.
5. The food product according to claim 3 or 4, which further comprises insulinogenic
proteins, and optionally additionally amino acids.
25
6. A food product characterized in that it contains a lipid blend according to claim 5.
7. A food product according to any of the claims 3 to 6, which is selected from milk,
yogurt, curd, cheese, fermented milks, milk based fermented products, ice-creams,
30 fermented cereal based products, milk based powders, infant formulae, energy bars,

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



7. A food product according to any of the clainms 3 to 6, which is selected
frommlk, vyogurt, curd, cheese, fernented mlks, ml|k based fernented
product s,woaeatneans, 30 fernented cereal based product s PCrEPR2/8SEd
powders, infant fornul ae, energy bars, |I|iquid foods, formulae for clinical
enteral nutrition, energy drinks and pef; food. WO 03/013276 PCT/ EP02/08051
11 8. Use of a lipid blend according to claim1 or claim2 for the
preparation of a_fogpd _ product 9, The use accordi to.claim8, wherein the
P ood pr Beluct Use o6 & Beiddhiors @heoriing, Oy ggim i o Slai 4 ore fEdaiepashiphadt o fpod
ml ks, mlk P@ﬁga fermented products, ice-creans, fermented cereal based
products, m ased powders, infant fornulae, energy bars, |liquid foods,
formul ae for clinical enteral nutrition, energy drinks and pet food. 10. A

process for the preparation of a food product designed to increase or
decr eas®. t heThd 0sq atcordipg terlaimdy, Whepdin thefooid pradeet is selested depim milk, yhgurt,

oML €8 (e 5 8P O T2 s LRSS oGt QoS LR, e
cereal based products, milk based powders, infant formulae, energy bars, liquid foods,

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

10. A process for the preparation of a food product designed to increase or decrease the
10 intramyocellular lipid level in an individual, which comprises the steps of mixing a

lipid blend according to claim 1 or 2 with an ingestable carrier.



