Use of yeast flakes for treating and/or preventing hyperinsulinemia The present invention concerns
the use of yeast cell walls for the treatment and/er prevention of hyperinsulinaemia. SUMMARY

In one aspect, there is provided the use of yeast cell walls for the preparation of a pharmaceutical
composition intended for the treatment and/or prevention of hyperinsulinaemia in a non-diabetic
patient, said yeast déHavalfs W @ag: faas@f glimantarhianhadrcbitentofatdeadir’d.0% dry matter
content by weight, and - a glycogen contentgfdess thar £6:8:% 'dry matter content by weight.
DETAILED DESCRIPTION Insulin is a hypoglycaemic hormone secreted by the p cells of the
pancreatic islets of Langerhans. Insulin can reduce glycaemia, in particular by activating transport of
glucose into target tissHes gmgsele; liverant adiposedissues). t he Type-2-diabatesds gbaracterized by
insulin-resistance-translating,. during a firstt%&.?gwypeggwg@sm. r%gm\(}:‘ e%t%%sci}triles argfalso
associated with hyperinsulinism. For diabetes with insulin-resistance, medicinal products which can
reduce excessHEGT SHGAWRAGIStimulating the secretion of insulin can be prescribed (for example

Metformin). sgmmary

In one aspect, there is provided the use of yeast cell walls for the preparation of a
pharmaceutical composition intended for the treatment and/or prevention of hyperinsulinaemia in a

non-diabetic patient, said yeast cell walls having:

-z total ghucan and mannan content of at least 34.0% dry matter content by weight,
and
- a glycogen content of less than 10.0 % HUry matter content by weight.

DETAILED DESCRIPTION

Insulin is a hypoglycaemic hormone secreted by the B
cells of the pancreatic islets of Langerhans. Insulin can
reduce glycasmia, in particular by activating transport
of glucose into target tissues (muscle, liver and adipose

tissues) . .

Type-2  diabetes is characterized by insulin-
resgistance translating, during a first phasge, as
hyperinsulinism. Some obesities are also associated with
hyperinsulinism. For diabetes with insulin-resistance,
medicinal products which can reduce excess blood sugar
without stimulating the secretion of insulin can be

prescribed (for example Metformin) .



Document JP-A-61-167622 proposes an agent to combat diabetes containing a cell fraction of beer
yeast, called cell wall in this document, and obtained by hydrolysis of debittered beer yeast for at least
2 hours at a temperature of 50 to 7000 and aqueous extraction of the water-soluble constituents. Said
cell fraction of beer yeast notably has a glucan content of around 14.8%, a mannan content of around
13-9%. Said cell fraction also has a glycogen content of around 24.9%. Glycogen is a reserve
polysaccharide also present in the muscles and in particular in the liver. This glycogen is also a
reserve substance :of yeast,. used by yeast as an e%ergy source to ensure its survival- While it is one
of the main constituents of the cell fraction in this Japanese application, it does not form part of the cell
wall of yeasts. Patent application W020.05/021015 describes the use of yeast flakes for the
prevention and treatment of hyperglycaemia and stabilization .of'glycaemia, said yeast flakes having a
low glycogen content Bpigaietto e Bbtained 8y & STREIESShcyativ=altolysis B HyRitolysis method.
The total -glucahiane reanman cotténtoofsard Yeastflakesis atfilebst34.0=%sby weighitsaf dry matter.
The 5-glucans ef:the galh wall.of yreast are @ssentially-gluspse polymers wheseigidgase.ynits in the
train chain are linked by 5-1.3 bonds angé/gl%ose._gr,ancggs are linked by H1,6 honds. The 5-glucans of

yeast are insoluble and have low VISCOSIt The 0-glucans purified from the yeast cell wall have

immunostimulatif§Topehies. it péﬂlcbfér Ph&s BN §ﬁ8mﬁ%a€ﬁ1¥6@1&8§ns of ye'a&t are capable
of binding to macrophagesuiid ofcadtivatingahém. THelglucsis- of Yeast are stadied ffrtantibacterial,
antiviral and angiaﬂﬁerahaﬁpm@tionss(AdangﬂDcsn Jaunnad of LeukoeyteBivlogy, 8297)a  The

subject-matter gf the_presept inventien is the-use-af yeast fiakes as insulipregulating agent.  One
subject of the mventlon is.notabl ly. the use of T‘yea§_t flakes fgrt %trgatmg t and/or preventlon of

hyperlnsullnaemla C?né’ %Ject ofthe p present irfvention is the tse 6 ea&TFakes fof the
preparation of Z %%fﬁ%c%ﬂ%l-‘ééﬁ€6ﬁ?db7s‘ﬁﬂ)rﬁﬂa%éhd%t?ﬁf’r%ei?e&tﬁ?en’ﬁ%@rspﬁe‘%nﬁén of
hyperinsulinaemia; said:yeastiftakes:havingx a total glucanragdmansnaieontentekatteast 34.0% dry

matter content by meight; and: aglysegen.sentept of lessithan 10:0 26 dry malte.certentby weight.

The term " yeast flake " refers to the, m@ﬁi Ible fractign of the %gasggglls . Jon-chromiym enriched,
obtained after autonS|s or enzymatlclhy onS|s essentlally, y soteases Ieadlng to solubilisation of
constiteents of the “eell fracfion in this Japaness

application, it does not form pari of the cell wall of

ysasts.

Patent application WO2005/021015 .gdescribes tThe uss
of wveast flakes Icor ths prevention and treatment of
hyperglycaemia and stabillization of glycaemia, said yeast
flakes having & low glycogen content and able to be

- ‘obtained using a simple enzymatic autolysis or hydrolysis
method. The totazl glucan and mannan content of said yeast
flakes is at least 24.0 % by weight of dry matier.

b

The B-glucans of the c¢ell wall of vysast are
essentially gluccse polymers whose glucose units in the
main chain are linked by £-1,3 bonds and whoss branches
are linked by {£-1,6 bonds. The p-glucans of yeast are
inscluble and have low viscosity.



4 at least 50 % and preferably at least 6.0 % by weight of dry matter of the whole yeast tells and
preserving the structural polysaccharides of the cell wall i.e, the pglucans and mannans, these
mannans being in the form of mannoprote ins. This autolysis or enzymatic hydrolysis is conducted
S0 as to solubilise most of the reserve sugars of the yeast cell i.e, glycogen and trehalose. The yeast
flakes are obtained by separating the solubilised fraction using autolysis or enzymatic hydrolysis,
preferably for a time of at least 18 hours. Preferred é?ast cream autolysis methods are described
pages 370 to 377 in the reference work ." Yeast Technology " 2'd edition, 1991, G, Reed and T.W.
Nogodawithana, published by Van Nostrand Reinhold, New York, ISBN 0-442-31892-8. The yeast
flakes thus obtained are then typically dried using a conventional drying method such as spray drying
or drying on heated rolls. The yeast flakes of the invention have a total -clucan and mannan
content in thecell wall Tosténiaticaliyexpresseidih équvalem weightofgitieosé ahdmERnose
respectively - seenmeasitemeniinathogdsdelow) of at leasb34+0 % by weight ofdrymaatter and a
glycogen content(systematically.expressed, in.glueose egrivalent weight = see maastirement methods
below) of less than 10,0 % l?% vvaeight_ch dg% ma;tte{vaHBé cghhgrper_gsglin e i,gc" igsm%qsnt both basal
hyperinsulinaemia and postprandial iypefinsdlinaem a. i one advantageous, embodiment, the yeast
flakes of the inveéRfGH aré tRed FortHe prevafifion BRHIGIATFEIEMt of pBstdrantial hypefinsulinaemia-
Alternatively, theyeast:flakes of theiivertiorare useddemthe pievention ald/otadeatntent of basal
hyperinsulinaemiayb.apetherembgdiment; the yeast flakes of the invention are used for the
prevention and/or treatment of both basal hyperinsulinaemia and postprandial hyperinsulinaemia.
Basal hyperinsulinaemia is characterized by a high basal plasma insulin level- The basal level
corresponds to insulintevels ietweenmmealsy notablyhwhen: theee personvs fasting. The physiological
‘basal level is geperally-equakto, ordower than 1.0 ma/l jna.slin; healthy: individual. Therefore basal
hyperinsulinaemia can be characterized by a basal level between meals (notably when fasting') of
more than.10 muU./.14. Postprandial hyperinsulinaemia corresponds to an excessive insulin - -
response after food intake. surPestpramdiakiypetinsttinaemiascanbewvidencediyeamoral glucose
tolerance test .(QGTT)- The physiolagical.rgspopse tethe DGT festis chargcterized by an insulin
secretion peak of generall 1b\‘et\_/veenq30 and 60 miJ/L in a healthy slim individual. Therefore
postprandial hyﬁb\%ﬁﬁﬁ%uﬁ%"‘ggﬁ Be characterized by an OGTT response with an insulin secretion
peak of more than 60 mD/L.

One subject of the present invention is the use of
yeast flakes for the preparation of a .pharmaceutical
composition intended for the treatment and/or prevention

of hyperinsulinaemia, said veast flakes having:

- ' « & total glucan and mannan content of at least

34.0% dry matter content by weight, and

+ a glvcogen content of less than 10.0 % dry matisy

content by waight.

The term « veast fleake » refers to the linsolubie
fraction of the vyeast cells, non-chromium enriched,
obtained after autolysis Gr enzymatlic hydrelysis,

essentially, Py proteases, leading to solubilisation of



6 A patient's plasma insulin level is measured using conventional techniques known to persons
skilled in the art. In particular an RI A test (Radiolmmuno-Assay) can be performed on a plasma
sample taken from a patient (for example RIA, Biosurce, Medgenix Diagnostics, Rungis, France)

The objective of hyperinsulinaemia treatment is to reduce the basal plasma insulin level and/or to
restore a physiological insulin response after food intake. The objective of hyperinsulinasmia
prevention notably to maintain the basal plasma insulin level at physiological values and/or to maintain
a physiological insulin response after food intake_ 4 The subject-matter of the invention is
particularly the treatment and/or prevention of postprandial hyperinsulinaem a The subject of the
invention is particularly the use such as defined above, wherein the yeast flakes are of the genus
Saccharomyces cerevisiae. Said yeasts are preferably :bakers' yeasts, A baker's yeast is a yeast
belonging to theaspecies Sastharoamyteseaieviside; produced: essentially hywerebic préliferation or
culture as taugh&@,thgartejggengg waork <wYeast Techpology ! cited abovesaadwhigh bas not been
used for any PURASE-Oetale IS AQYSIS O eleymanichdralyels, Gantiary (o dearyest for example

which is a sub-proauct rom the manufacture of beer and has therefore seryed to manufacture beer
before being chEf?-qé’asfoﬁ@ﬁzﬁ‘ﬁﬁf?f‘&ﬁfoly%?cq)? hifrolsis. This Béereastvas &Ssentially cultured
under anaerdbia éhequoeuetion -of beer being an anaerobic process. The subject of the present
invention is the use such as defined above, wherein said yeast flakes have a total glucan and mannan
content of at least 40;0 % dry matter content by weight, preferably at least 45.0 % dry matter content
by weight.  The yeastffakes ot ks HivettioRNfsBRaIy Rate S BrbYSincomte i NR 9555 of 17-0 to
35_0 % :dry matter eontent byaieight iprefaraisty 18100 toi26.0%dhyrhatiewéditesttbyWeight.
_ : yeast cell i.e. glycogen and trehalose. The yeast Ilakes
are cobtained by separating the solubilised fraction'using
avtolysis or enzymatic hydrolysis, preﬁerably for a time
of at least 18 hours. Preferred yeast cream autolysis
"methods are describaed pagses 370 to 377 in the referesnce
work « Yeast Technology » 27 edition, 1991, G. Resed and
T.W. Wogedawithana, published by Van No trand Reinhold,
New York, TISBN 0-442-31892-8. The veast flakes thus
obtained are then typically dried wusing a conventional
Tying method such as spray drying or drying on heated

rolls.

The vyeast flakes of the 3invention have a total
‘glucan and mannan content in the cell wall
(systematically expressed in eguivalent welght ¢f gluccse
and mannose respecﬁively ~ see measurement methods below)
of at least 34.0 % by weight of dry matter and a glycogen
content (systematically exprassed in giucose egulvalent
weight - see measurement metheds Dbelow) of less than

10.0 % by weight of dry maltter.

By «  hyperinsulinaemia » 1is meant both_ basal

hvperinsulinaemia and postprandial hyperinsulinaemia. In



A particular subject of the invention is the use such as defined above -wherein said yeast flakes have
a mannan content of less than 3.0 % dry matter content by weight. In one preferred embodiment of the
invention, the merman content of the yeast flakes lies between 20 and 26 dry matter content by
weight. This embodiment corresponds to yeast flakes obtained by enzymatic eutolysis or hydrolysis,
separation of the soltbilised fraction and drying of the non-soluble fraction such as described
previously and in Example 1.1 (section headed: Preparation of yeast flakes containing mannans). Said
product, after an oral glucose tolerance test (OGTT), B

one advantageous enmbodiment, the vyeast flakes of the
iﬁvention are used for the prevention and/or treatment cof
postprandial hyperinsulinaemia. Altesrnatively, the yeast
fiakes of the invention are used for the prevention
and/or treatment of basal hyperinsulinszemia. In another
embodiment, the yeast flakes of the inventlion are used
for the prevention and/or treatment of both basal

‘hyperinsulinaemie and postprandial hyperinsulinaemia.

Basal hyperinsulinesemia is characterized by a high
basal plasma insulin level. The basal level corresponds
to insulin levels between meals, notably when the person
is fasting. The physiological basal level iz generally
agqual to, or lower than 10 mU/L in & slim, healthy
individual. Therefore basal hyperinsulinaemia can  be
characterized by & basal level betwsen meals (notably

when fasting) of more than 10 mU/L.

Postprandial hyperinsulinaemia corresponds  to  an

excessive insulin response after food intake.

Postprandial hyperinsulinaemia can_be evidenced Dy
an oral glucecse tolerance test (OGIT). The physiological
response to the OGTT test is characterirzed by an insulin
secretion peak of geneially between 30 and 60 mU/L in a
healthy slim individual. Therefore postprandial
hyperinsulinaemia <can be characterized by an OGTT
response with an insulin secretion peak of more than
60 mU/L.



allows a reduced insulin peak to be obtained compared with a placebo in patients suffering from type-2
diabetes (see Example 2), The subject of the invention is notably the use such as defined above,
wherein said yeast flakes have a mannan content of less than 2 % dry matter content by weight,
notably less than 1 % dry matter content by weight, notably less than 0-1% dry matter content by
weight. In another preferred embodiment of the invention, the mannan content of the yeast flakes
is lower than 0.1 % dry matter content by weight. The mannans can be removed by hot alkaline
treatment. Hot alkaline treatment consists of placiné in an aqueous suspension the yeast flakes of the
invention obtained, as described above,and of heating the suspension in an alkaline medium at
bet70C and 100C for a maximum time of three hours The fraction solubilised by this treatment
:containing most of, even all,’ the mannoproteins is removed by centrifuging and washing. The
remaining non-solubiliseg#taction is colleetsd dricbgendraliptiried s THeferabl thé Mignnans are
removed by hot-akaline tegatment followed by ancacid treatmentdos fullreirievdl the masnans.

These treatments are detailed in.the Examples section. (r » sWithsaichprockists obtained: from the
preceding yeast flakes, subjected to hot alkaline treatment ar@d i_quirgngllyptgﬂcgqtt_re tment such as
described previBGsly1SEe alSE ERample T L section headed: Preparation of yeast flc—i_es devoid of
mannans) and isghlzkethefannafsdias Been RARSG  afno X ¥y Pémobad (tHe'gficans
representing mest=afdbe.total content of glucans and mannans), it is possible after an OGTT test to
obtain a reduced insulin peak compared with a placebo, and even compared with yeast flakes in which
the manna:no have not been removed, in patients suffering from type-2 diabetes or from overweight
(see Example 2)-  The sobjexticfthe plesBHPMVERTER 19 i@ ude SHER F8%dEfined abSve, wherein
the yeast flakes;hayge-a tetal ghiean aptemannancohtentlequsl te ot less thanre@ 96 ey Mmatter content

by weight, notably equal to or less than 80 %.dpy-nattet eeatentdysweightk aiotably equal to or less
than 70 % dry matter content by weight. _ : _

The objective of hyperinsulinaemia preventicn 18
notaply to maintain the basal plasma insulin lsvel at
physiclogical wvalues and/or to maintain & physioclogical

insulin response after food intzks.

. The subject-matter of the invention is particularly
the treatment and/or prevention of postprandial

hyperinsulinaemia.

- The subject of the invention is particularly the use
such as defined above, whersin the yeast flakes are of

the genus Saccharomyces cerevisiae.

Said yeasts are preferably bakers’ yeasis. L baker's
yeast is a yeast belonging to the specias Saccha;omyces
cerevisise, produced essentially by aercbic proliferation
or culture as taught in the reference work « Yeast
Technology » cited above, and which has not been used for
any purpose before its autolysis or enzymatic hydreolysis,

contrary t©o beer yeast for example which is a sub-product



The subject of the present invention is more particularly the use such as defined above', wherein the
yeast flakes have a total glucan and merman content of 45 to 90 % dry matter content by weight,
notably 52 % to 80 % dry matter content by weight, preferably 65 % to 77 % dry matter content by
weight, and further preferably 72 % to 77 % dry matter content by weight. Therefore according to one -
particularly advantageous embodiment the glucan and mannan content lies between 72 % to 77 % dry
natter content by weight 10 Notably, in one particular embodiment, the subject of the present
invention is the use such as defined above, wherein the glucan and mannan content lies between 721
and 77% dry :matter content by weight, and the mannan content is less than 2% dry matter content by
weight notably less than 1% dry matter content by weight, notably less than 0.1 %. Alternatively,
the glucan and mannan content may also be equal to or less than 55 % dry matter content by weight,
provided that it repains nighenthandf & dry madter eontemt by wweight. o re THerefotedccording to one
advantageous gmhodiment. the gliucan apd.mannan-gontent lies hetween:52<4-and 579% dry matter
content by weight. . Notably in one particular.embodiment, the subject of the present.invention is the
use such as degT‘i%é%lé’bsé\?e,ovghg g%ﬁ%ﬁéb%dcar%%%dqﬁn%ﬁnaﬁggﬁegcl\tiateséb% W%gn%% Yo to 57 % dry
matter content By \vETHE, 4RdTHe PRATTAIT ConteTi Ts RETREh296 Gy Midtter dontent By weight,
notably less tham 4=%otrycmattercontent by weight, notably less than 0.1 %- The subject of the present
‘invention is the use such as defined above, wherein the glycogen content of less weight, preferably
less weight, preferably less weight, preferably less yeast flakes have a % dry matter content by %
dry matter content byediypaBeE cBAtem byt ThattBr 8BhtdHt by® the wse such
as defined above, wharein said veast flakes have a total

glucan and mannan content of at least %40.0 % dryv matter
content by weight, preferably at least 45.0 % dry matter
content by wesight.

'The vyeast flakes of the invention usefully have a
35.0
content by weight, preferably 18.0 to 26.0
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content by weight.

A particular subject of the invention is the use
such as defined above wherein said ysast flakes have a
mannan content of less than 30 % dry matter content by

— welght.

In éne preferred embodiment of the inventicn, <the
mannan content of the yeast flakes lies between 20 and 2o
% dry matter content by weight. Thig embodiment
corresponds to veast flakes obtained Dby snzymatic
autolysis or hydrolysis, separation of the solubilised
fraction and drying of the non-soluble fraction such as:
described previously and in Example 1.1 izection headed:
Preparation of yveast Ilakes containing mannansg). Sald

product, after an oral glucose tolerance Test {0GTT),
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11 'weight, and further preferably less than 0.1 % dry matter content by weight. ~ To remove the
glycogen fully or almost ftlly from the yeast flakes, the yeast flakes of the invention can be subjected to
a hot alkaline treatment such as described above, and preferably a hot alkaline treatment followed by
an acid treatment. With said treatment it is possible to produce yeast flakes according to the
invention having a total glucan and mannan content of 45 % to 90 dry matter content by weight
preferably 52 % to 80 .% dry matter content by weight, preferably 65 % to 77 .% dry matter content by
weight, and further preferably 72 to 77 % dry mattet content by weight. With said treatment it is
possible in particular to produce yeast flakes which also contain less than 1.0 % dry matter content by
weight of glycogen, preferably less than 0-1 % dry matter content by weight of glycogen. The
pharmaceutical composition according to the invention can be administered in different forms or
presentations. a11The pharmeentical compasitionsaécording® tHdiverftion eBFIEIERS at least one
active substancg: representeskby theyeast; lakes and sepharmateticallyacceptabletvehicle. 19

The pharmaceu(t'gcgé %@&%%QOQ ﬁf the invention may comprise one or more other active substances,
for example chosen from among hypoglycaemic or insulin-sensitizing agents, and notably from among
hypoglycaemic sulfamides, biguanide, metformin and thiazclidinedione derivatives.; inhibitors of
a-glucosidases  The preparation can alse contain-qre OF Marendtarrinsy aotably ehesen from

among vitamin A, vifamin, vitamin.D, vitamin k, vitamin K, vitamins, EL (thiamdne) B2 {rihoflavin), E3
(niacin), B5 (pantothenic acid), BE, B§F(biotig1),gB9, folic acid), E12 cggolargineg_%nd@g one or more
food minerals notaH¢hokén Pr%ﬁ?arh‘éﬁ% calcfunt phd&phofis, potassium: Soditm’ magnesium and
iron.  The subjéetefthe: passerittiaiventiontis 80 pRafiaceutfCalcimpoditionts sEEf as defined
above containing:eRpIMiuMss thar 0.1% dry matter content by weight.

In another preferrsed embodiment of the invention,
the mannan content of the yeast flakes is lowser than

0.1 & dry matter content by weight.

The mannans can be removed Dby -hot alkaline
treatment. Hot alkaline treatment consists of placing in
an agueous suspension the yeast flakes of the invention
obtzined asg described above, and of  heating the
suspension in an alkaline medium at betwsen 70°C and
100°C for a maximum time of three hours. The fraction
solubilised by this treatment containing most o©f, even
all, the mannoproteins is removed by centrifuging and
washing. The remaining non-solubilised fraction  1s

collected and generally dried.

Preferably the mannans are removed by hot alkaline
treatment followed by an acid treatment for full removal

the mannans.

These trsatments arg detalled in the Examples

section.



The pharmaceutical composition may contain one or more pharmaceutically acceptable excipients.

In one preferred embodiment, the pharmaceutical composition according to the invention is suitable for
administration via oral route. The pharmaceutical composition can notably be in the form of a
tablet, capsule, pill, powder, granule or suspension. 13 The pharmaceutical composition of the
invention can in particular be in the form of a dose intake corresponding to a quantity of dry ratter of
yeast flakes according to the invention .of less than 10 g, preferably 8 to 9 2, In one preferred
embodiment, the subject of the present invention is the use such as defined above, wherein the yeast
flakes have a dry matter content equal to or more than 90 % preferably equal to or more than 94 %
and further preferably equal to or more than 96 % by weight. With said a dry matter content equal
to or more than 90 %, preferably equal to or more than 94 %, and further preferably equal to more than
96 %. tis possible to gbiain beter presenation ofthe yeast flakes, natably befler bagtgtiological
stability and better sta ﬁlty against'adverse reactions w ether or not of enzymatic grlgln. The

1 t - 4 - e 1 enzymay
subject of the preSeft ventioh i€ tHetse dFyeadtakeS sié o= definéd ALV for thé Prevention
and/or treatmentof hypetihgUlinaemid, Wwhesiercydsat or postprandial Hyperinstiiaraemia, irrespective
of the origin of thedwperinsulimemisie 1The ssbiect of thedaveation #s-gasticilady the aise Of yeast

flakes such as dgfined abaye. for the preventiqn and/or freatment of hyherinsylinagmia associated with

insulin-resistancCe, overweight sity or metabolic 14
su SIS %éve beeg f%gﬁgfyor aﬁmost fully removed (the glucans

“representing most of the total content of glucans and
mannans), At is possible after an OCTT test to obtain a
reducad 1insulin peak compared with & placebo, and ewven
compared with veast flakes in which the mannans have not
been removed, I1n patients suifering from type-2 diabetes

or from overwelght {(sese Example 2).

The subiect ¢f the present inventlion is The use such
as defined above, wherein the yeast fizkes have a total
glucan and mannan content egual to or legs than %0 % dry
matter content by weight, notably egual to or less than
80 % drv matter content by welght, notably egual to or

less than 70 % dry matter content by welignt.

The subject of the present invention 1s more
particularly %the use such as defined above, wherein the
yeast flakes have a total glucan and mannan content of 45
to 90 % dryv matter content by weight, notably 32 % <o
80 % dry matter content by weight, preferazbly €5 % to

(=

77 % dry matter content by weight, and further preferab
7Z % to 77 % dry matter ccontent by welght. Thereficre
according to one particularly advantagesous embodiment the
glucan and mannan content lies between 72 % to 77 % dry

matter content by weight.



syndrome in any type of patient suffering from hyperinsulinaemia of this origin. However, although
the invention is intended for the prevention and treatment of any type of hyperinsulinaemia, in any type
of patient, in one advantageous embodiment the flakes of the invention are used for the preparation of
a medicinal product intended for the prevention and/or treatment of hyperinsulinaemia in a
non-diabetic patient. In this case, the subject of the present invention is particularly the use of yeast
flakes such as defined above for the prevention and/or treatment of byperinsulinaemia associated with
insulin-resistance, With overweight, with obesity of-fetabolic syndrome in non-diabetic persons-
Alternatively, the flakes according to the invention can also be used for the preparation of a medicinal
product intended for the prevention and/or treatment of hyperinsulinaethia in a patient with type-2
diabetes The subject of the present is then notably the use of yeast flakes such as defined above for
the prevention and/oriegaiment of hypernsutinaémia assooiatetiwith insulinsresiskineer overweight,
obesity or metapolic.syndrome dn @ persn withtype=2 digbetese =Byho type-2lidbetes " is also
meant non-insulindependent diabetes NIDD. Type-2 di es is gharacte -a fasting glyceemia
of more than 1.?@%‘75’ 15" “When fas%%lgcga&g%r%ig&% %ﬁveée(ﬁ%ia!?g ggL%ggdh?L(.ZG /Lri the term
glycaemia anomaly igiied?® 1R perticahr, tRB Subjector tha Présent mvé“rﬁfionm@ﬁ & Use of yeast
flakes such as defirechabove fdpthe proventioh afdior FealrAént &P hypefindtfinaéiia during the first
stages of type-2,diahetes. 1.sBy thasulin-eesistancensistaeant the fack ofrespensety:
insulin-dependent tissves.to the.actiorofinsulin, The pancreas then continues to secrete insulin
whose plasma level becomes too high. By c< overweight* or cc obesity " is meant excess weight.
In adults, overweight is Characterized by a Body Mass Index (BMI).of between 25 and 30 kg/m2 and
obesity by a Body Mass {ndex «(BM.,0of mexe thama€kg/na« TheaBody Mass tradex imaxperson is
“"“"“deflned_by.the fol_!,howmgefogmgﬁ: %Ig\)/ll O?}__W%Igpg (@aﬁb%@ht%(”&)ﬂ? mat LR EXBLESSION 5% overweight
or obesity in nofi-diabetic persons " means overweight or obes,l'g/ such%ahs deflged Qb%/g in persons
whose glycaemieisSiropely t8gGRfed-nat 1= rEmains Rhigher than 2o & eiy |

matter content by weight.

Therefore according to one adgvantageous embodiment,

[ o,
5/ o

the glucan and mannan content lies berween 52 % and

dry matter content by welght.

Notably in cone particular embodiment, the zubject of

t

he present invention is the use such as defined above,
. 2

wheresin the glucan and mannan CoOntent liss between 52 %

7 % dry matter content by weight, and the mannan

w

to
content is less than 2 % dry matter content by . weight,
notably less than 1 & dry mnatter content by welght,

o

notably less than 0.1 %.

The subject of the present invention is the use such
as defined above, wherein the yeast £flakes have a
glycogen content of less than 8.0 & dry matter content by
weight, preferably less than dry matter content by

matter content by

o e of
(8N
(]
e

5.0
weight, preferably less than 2.0
0 dryv matter content by

-

weight, preferably less than 1.



~ In particular the glucose plasma level in fasting non-diabetic persons is less than 1.26 g/L (7 mmol/L)
notably less than 1.10 g/L (6.1 mmol/L). 16 By the expression <c Metabolic syndrome " is meant a
set of risk factors for developing cardiovascular disorders strokes and type-2 diabetes
Thediagnosis of metabolic syndrome -is based on the evaluation of several parameters, including
waste size, cholesterol and triglyceride levels, fasting glycaemia, insulinaemia and blood pressure. In
particular,accordingtothe NCEP-ATPIII TNational Cholesterol Education Program - Adult Treatment
Panel .1.1-rn metabolic syndrome is diagnosed if three or more of the following risk factors are
present. waist size of more than .88 cm in women and more than 102 pm in men - HDL cholesterol
level of less than 1 morn in men and 1...2 mmo1/1 in women, triglyceride level equal to or more than
1 7 mmol/1 - fasting glycaemia equal to or more than 6.1 mmo1/1

welgnt, and further preferably less than 0.1 % dry matter

content by weight.

Te remove the glycogen fully or almest fully from
the yeast flakes, the yeast flakes of the invention can
be - subjected to a hot alkaline <treatment such as
described abovse, and preferably a hot aikaline tresatment

followed by an acid treatment.

‘With said treatment it is possible to produce yeast
flakes according to the invention having a total glucan
and mannan content of 45 % te 90 % dry matter content by

o0

to 80 % dry matter content by

weight, preferably 52
weight, preferably 65 & to 77 % dry matter content by
weight, and further preferably 72 to 77 % dry matter
content by weight. With said treatment it is possible in

articular to produce yeast flakes which .alsc conitain

b

ess than 1.0 $ dry matter content by weight of glycogen,
preferably less than 0.1 % dry matter content by welgh

cf glycogen.

The pharmaceutical compesition according tTo the
invention can be administered in different ZIorms oOr

presentations.

The pharmaceutiscal composition according te the
invention comprises at least one active substance
represented by the yeast flakes and & pharmaceutically

acceptable vehicle.



blood pressure of over 130 mm Hg / 85 mm Hg. Postprandial hyperinsulinaemia may in particular
play a role in the development of metabolic syndrome. 7 The present invention also concerns a
method for the treatment and/or prevention of hyperinsulinaemia in a patient, comprising the
administration to the patient of a pharmaceutical composition according to the invention. The
method for the treatment and/or prevention of hyperinsulinaemia can, in particular, be a method for the
treatment and/or prevention of hyperinsulinaemia associated with insulin-resistance, overweight,

" obesity or metabolic syndrome. In one advantageots embodiment, the patient is a non-diabetic
patient. Alternatively, the patient may also be a patient with type-2 diabetes. The invention
particularly concerns said method in which the pharmaceutical composition is administered to the
patient via oral route. The different methods according to the invention can in particular comprise
:administering to the gatienpthephasmacesticalacormpasition incd daily dosesoriesponding to | to 10 g,
preferably 8 to Q. g.of yeast flakes.acgordingtocthe-inventions gaid siadly dose-possiaybeing
administered in é\aglg%e dfose or at gn%n%?}gi%%g%ggﬁﬁ%su&p a§l§st]pfgﬁkf§§g,sqkrtigzsgggral partial

doses 1.e. spread ou ‘over the day. . e met of the invention may al o_:comgrise at least one
verification stept"&éck e patieri’s bashr ifbufifi félvel 2HBRF IRSEMT tésponse Subsequent to food
intake or to an OGEtesteaftersicing ot chrowic ddministiatibh 6Fie shatatBatiealccomposition. 18
The Methods agegrding ta-thesinventivhcean alseseamprise a measurement step to measure the
patient's basal insulin level and/or to evaluate insulin response further to food intake or an OGTT test

before acute or chronic administration of the above pharmaceutical composition. _
' The preparation can- alsc contain one o©r more

vitamins, notably chosen from among vitamin A, vitamin 2,
vitamin D, vitamin E, vitamin K, vitamins Bl (thiamine),
B2 {riboflavin), B3 (niacin), B5 {pantothenic acidj, 3B,
BE (bibtin), B9 {(folic acid), BlZ (cobolamine} and/cr one
or more food minerals notably. chosen from among calcium,

phosphorus, potassium, sodium, magnesium and iron.

The subject of the present invention is also
pharmaceutical compeositions such &5 defined above

containing chromium.

The pharmaceutical compesition may contain one or

more pharmaceutically acceptable excipients.

In one preferred embodiment, the pharmaceutical
composition according to the invention is sultable for

administration via oral route.

The pharmaceutical composition can notably be 1in the
form of a tablet, capsule, pill, powder, granulie or

gugpension.



" The present invention also concerns a method to reduce or stabilize the basal plasma level of insulin
in a patient suffering from basal hyperinsulinaemia, comprising the administration to the said patient of
an effective quantity of a rharmaceutical composition according to the invention. The method to
reduce or stabilize the basal plasma level of insulin may particularly concern a patient suffering from
ba al hyperinsulinaemia associated with insulin-resistance, overweight, obesity, or metabolic
syndrome. In one advantageous embodiment, the patient is a non-diabetic patient. Alternatively the
patient may also be a patient with type-2 diabetes. 1z The present invention also concerns a method
to reduce the insulin secretion peak after food intake in a patient suffering from postprandial
hyperinsulinaemia comprising the administration to said patient of an effective quantity of a
pharmaceutical composition according to the invention. The method to reduce the insulin secretion
peak further to food intake may.in particylar concern A 119 patient, bavingpestprandial - ,
hyperinsulinaemia associatéd ﬁ/ith in%ulin-resistatrgjcg, o%erweighOtFob%sityé)cgsmetali)glic i}éndrome. In
one :advantageolls eRbbaite £the p‘&?";ltier'iifj is a ion-diabetic pafient- AIterna?iver, tﬁe patient may
also be a patient WigFePecS ditbetes2 DESCRIBTION OF THE FIEURE SV Eijure 1% KGfetics of
postprandial insutinaemia gverweight patientsi(mr=12)f The sesultsiofithed3 days dtirsestigation are
given as a meary $EM; Igsulinaemia in eentrals who had ingested milk is shown as a solid line with
squares, in persons who had taken yeast flakes devoid of mannans (betaglucans) as a dashed line
with diamonds, and in persons who had ingested yeast flakes with mannats as a dotted line with
triangles, The insulin level mud) is givern asa fenttiioniektime inuminuteso(ring. - Bigure!2: Trend in
postprandial insylinaemia showy.as the area under cuve (AMJE) ip Ovenneightpersops{n=12) The
results of 3 days investigation are giver.as,a mean SEN. The area under cl rggﬁobéagggg in control

‘ [ - s 1 R er . eI
~persons who had |ﬁgested ik 15 SHown a8 g%lac‘ﬁﬁqe,_ in pgrs%grlls who had Ingested yeast flakes

devoid of to or more than 90 % preferably egqual to or more than
pe)

44 % and Ffurther preferably egual to or more thanm 9% % by

weight.

With said a dry matter content sgual to or more than
90 %, preferably =squal to or more than 94 %, and further

, it is possible to

o

preferably equal to more ‘than 26
obtain better preservation of the vyeast flakes, notably
better bactericlogical stability and better stabllity
againgt adverse reactions whether "or not of enzymatic

origin,

The'subject of the present invention is the use of
yeast flakes such as defined above for the prevention
and/cr treatment of hyperinsulinaemla, whether basal or
postprandial hyperinsulinaemia, irrespective o the

origin of the hyperinsulinaemia.

The subiect of the invention is particularly the use

of yeast flakes such zs defined above for the prevantion
and/or treatment of hypsrinsulinaemia assoclated with
insulin-resistance, overwelght, chesity oy metabolic



20 mannans (be a-glucans) as a close dotted line, and in persons who had ingested yeast flakes with
mannans in a spaced dotted wine. The insulinaemia area (in MU/E*time) is given for the period .0-300
minutes (tot), the peried 0-12t minutes and the period 120-300 minutes. - Figure 3: Kinetics of
postprandial insulinaemia in persons with type-2 diabetes (n=11)0 The results of 3 days' investigation
are given-as a mean SEM. Insulinaemia in contra’'s Who had ingested milk are Shown as a solid line
with squares, in those Who had ingested yeast flak%as devoid of mannans (betaglucans) as a dashed
line with diamonds, and in persons who had ingeste(f yeast flakes with mannans as a dotted line with
triangles. The insulin level (in mU/L) is given as a function ot time in minutes fmin). - Figure A: Trend in
postprandial insulinaemia- shown as the area under curve .(AUC) in patients with type-2 diabetes
(n=11). The results of the 3 days' investigation are given as a mean SEM. The area of insulinaemia in
controls who ha8¥Rgestsl milieis giveh in bidtk, inthe pér3endTivho Had ifestéd ydastakes devoid
of mannans (betaglecansas szclnse doftedline candgiinmpersons who had ingested yeast flakes with
mannans as a spaced apart dotted line. The insulinaemia area U/L*time) is 21 given for the period
0-300 minutes (tot), the period 0- 120 minutes and the period 120-300 minutes. EXAMPLES Example
1: Preparation of ireast flaResaccoiding4eithé ivehfisantion is intended for the

prevention and treatment of any type . of

hvperinsulinaemia, in any type of patient, iIn one

advantageous embodiment the fizkes of the idnvention are

used for the preparation ¢f a medicinal product intended

for the prevention and/or tresatment of hyperinsulinzemia

in ‘a non-diabetic patient. In this case, the subject of

the present invention is particularly the use of vyeast

flakes such as defined above for the prevention and/or

treatment of hyperinsulinaemia associated with imsulin-

resistance, with overwsight, with cbesity or metabollic

syndrome in non-diabetic persons.

Alternatively, the flakes according to the invention
can also bes used for the preparation of a medicinal
product intended for the prevention and/or treatment of
hyperinsulinaemia in & patient with type-2 diabetes. The
subject of the present is tThen nctably the use of yeast
flakes such as defined above for the prevention and/cr

ey
-

treatment of hyperinsulinaemia associated with Insulin-
resistance, overwsight, obesity or metabolic syndrome in

person with type-2 diabetes.

2

By « type-2 diabetes » 1s also meant non-insulin-
dependsent diabetes NIDD. Type-Z diabetes is characterized

by a fasting glycaemiz of more than 1.26 g/L.



1. Material and Methods Preparation of yeast flakes containing mannans . An aqueous cream (i.e.
a suspension of yeast cells in water.) of Sacoharomyces cerevisrae having a dry matter content
between .12 and 18 % by weight is subjected to hydrolysis using endogenous enzymes of said yeast
cells, optionally supplemented with protbases exogenous to the yeast cells, such as papain for
bxample, Hydrolysis is conducted at 50C for 24 hours so as to solubilise at least 60 % by weight of the

- dry matter of the yeast cells. In practice and generally the auto lyses and enzymatic hydrolyses of
the invention are conducted at between 45C and 55€ for 18 to 36 hours, without the use of any
enzyme which may solubilise the glucans or mannoproteins. 22  The solubilised fraction is
separated from the insoluble fraction in several successive steps by centrifuging and washing with
water. The insoluble fraction is dried on heated rolls to a dry matter content of 95 % by weight. The
agglomerates formed @eremaued: by screeningrand thesyeast:flakas ofithesinvention=are obtained.
Preparation of yeast flgl}(ﬁs devoid QE@%&%&%mJQ%@f\% flakes obtained previously are placed in
an aqueous suspension and heated in an alkaline medium at between 70C and 10000 for no more -
than three hours. In particular, the suspension in alkaline sodium hydroxide aqueous medium is

heated to 85C for twothoursr+ 3 cEhe fractiar selubjlised by-this treatraentis remaved; dhe remaining
non-solubiised fractign heina gelisated. wasted and generaliydied. They selubiised, fraction
containing the mannoproteins and also the gé%/coggn IS_removed by centrifuging and washing. The
yeast flakes obtBRfeFRfe?P the?M6t dlkaline reatment &fe Pref&rabiy Bubfettdt to A atitftreatment to
remove every trake diimannepeateh. Thetizotubléfeautionsis next acidified with phosphoric or acetic
acid, then incubated at 80C for one to two hours. The soinbiliseg fraction containing the residues of
mannoproteins, glycogen and also some lipids is removed by centrifuging and washing.
— By « insulin-resistance » 1s meant the lack -of
response by insulin-dependent tissues to the action of
insulin, The. pancreas then co'r-l'tir_zues to secrete insulin

whose plasma lewvel becomes too high.

By « overwelght» or « obesity » 1is meant excess
weight. In adults, overweight is characterized by a Body
Mass Index (BMI) of between 25 and 30 kg/m® and obesity
by a Body Mass Index (BMI) of more than 30 kg/m’. The
Body Mass Index in a person is defined by the following
formula: ' -

_ wedight (kg]

(height (m))*

The expression « overweight or obesity in non-
diabetic perscns » means overweight or obesity such as
defined above in persons whose glycaemia 1s properly

regulated.

In particular the glucose plasma level in fasting
non-diabetic persons 1s less than 1.2¢ g¢g/L (7 mmcl/L)
notably less than 1.10 g/L (6.1 mmol/L).



Measurement of glycogen content ~ To a sample of 20 mg of dried yeast flakes i.e. having a dry
matter content of at least 90 % by weight, is added 0.5 ml of 0.25 M Na2003 and this mixture is held at
95C for 4 hours. The mixture is-then brought to a pH of 5.2 by adding 0.3 ml of iM acetic acid. and
1.2 ml of 0.2M sodium acetate, and mixing the ingredients_ Distilled water is added up to a total

volume of 2 ml. 0-5 ml of the suspension thus obtained are incubated for 15 hours in the presence
of excess amyloglucosidase of Aspergillus niger, such as marketed by ROCHE under Cat. No. 102
8-57, at 550.C. After centrifuging, the released gléjcose Is assayed by enzymatic assay. The

enzymatic assay of glucose is notably described in the manual c< Methods of Biochemical Analysis
and Food Analysis - using Single reagents ", published by BOEHRINGER MANNHEIM GmbH
aiochemica 1989, pages 50 to 55, and is preferably conducted using the "Test-Combination
D-Glucose/-Fructose" Cat. No* 139 106 from the subsidiary of ROCHE: BOEHRINGER MANNHEIM
GmbH EtBIOPHARM SmbADAMSEACC&many - 24 ° ~Thé fuantity (in ma) of giticose thus
assayed correspéiids tefthe glahtity o Ghdcgenpresentiiitherssiiple expressé irgifiCose
equivalent weighti Measurementrafithe tetal contertotigleicans and mannans A sample of 20 mg
of dried yeast flakes i.e. having a dry matter content of at least 90 % by weight, is subjected to acid
hydrolysis by :mixing with 20 ml of 2N HC1, and the mixture is kept in a closed screw-top tube for 4
hours at -103c in an o¥ér ufdeeagiatiorrévaltepolic syndrome is based on the
evaluation of several parameters, including waste size,

cholesterol and triglyceride lewvels, fasting glycaemia,
i

-
L.
insulinsemia and blood pressure.

In particular, according £o the NCEP-ATPIILI
INatiomal Cholesterol EBducation Program - Adult Treatment
Panel III), metabelic syndrome is diagnosed 1f tThree or

resent:

3

more of the following risk factors ars

- waist size of more than 88 om in women and more

than 102 om in men

-

~ HDL cholestercl level of less than 1 mmol/l in men

and 1.2 mmol/l in women,

- triglyceride level eqgual . To or more than 1.7

mmol/1
- fasting glycaemia egqual to or more than 6.1 mmol/l

- blood pressure of over 130 mm Hg / 83 mm Hg.

Postprandial hyperinsulinaemia may in particular

play a role in the development of metabolic syndroms.



The acid _solution thus Obtained is then neutralized and the respective quantity of glucose and
mannose is enzymatically assayed in the neutralized solution. This enzymatic assay of glucose
and mannose is also described on pages 50 to 55 of the above-cited :manual and is preferably
performed using the "Test-Combination” Cat. N' 139 106. The difference is calculated between the
guantity of glucose (expressed in mg) assayed using this method, and the quantity of glucose(also
expressed in mg) assayed for these yeast flakes using the above method to measure the glycogen
content. 25 This difference (in mg) between theitwo assayed quantities of glucose corres_pbnds to
the total quantity of glucans present in the sample, this quantity being expressed in glucose equivalent
weight. The quantity (in mg) f assayed mannose corresponds to the total quantity of mannns
present in the sample, this quantity being expressed in mannose equivalent weight. .Results - The

yeast flakes thus obtaingg have.a dry mait content.of 95 % by. weight. . Fhe;compositign of yeast
flakes containing )rﬁr]&ary;]naq]s#anaan%f yeast flhae%easqgev%id %ffmahnnDaenrs:,L Ogt?irﬂgde bxahotiar!kagne treatment)
given in 'Table 1" Tabid 1" Coriposition 0f yéast fidkes atcordng to the invention

"patient, comprising the administration to the patient of

. a pharmaceutical composition according to the inventlion.

The method for tThe treatment and/or preventlon of
hyperinsulinaemia can, in particular, be & method for the
treatment and/or prevention of hyperinsulinaemia
associated with insulin-resistance, overwsight, obesity
or metabelic syndroms. In one advantageous embodiment,
the patient is a non-diabetic patient. Altermatively, the

patient may also be a patient with 'type-2 diabetes.

‘The inventlon particularly concerns sald method in
which the pharmaceutical composition is administered =o

the patient via oral route.

The different methods accoerding to the invention can
in particular comprise administering to the patiént the
pharmaceutical composition in a daily dose corresponding
te 1 to 10 g, preferably 8 to ¢ g of wveast flakes
according to the invention, said dally dose possibly
being administered in 2 single dose or at a single time
of intake such as at breakfast, or in sseveral partial

dogses 1l.=. spread out over the dav.

The metheods of the invention may also comprise at
least one verification step to check the patiesnt’'s basal
insulin level and/or insulin response subseqguent to food
“intake or to an OGTT test, after acufte or chronic

administration of the pharmaceutical compesition.



Yeast flakes containing mannans Yeast flakes devoid of mannans Analysis in ; g per 100g of product
49.9 28.2 21.7 Energy intake in

18

The methods .according to +*he invention can also
cbmprisé a measurement step to measure the patiesnt’s
basal insulin level and/or to evaluste insulin response
‘further to food intake or an OGTT test before acute .or
chronic administration of the above pharmaceutical

composition.

The present Invention also concerns & method to
reduce or stabilize the basal plasma level of insulin in
a patient suffering from basal  hyperinsulinaemis,
comprising the administration to the said patient of an
effective  guantity of & pharmaceutical composition

according to the invention.

The method to reduce or stabilize the basal plasma
level of insulin may particularly cencern a patient
suffering from basal hyperinsulingemia assccilated with
insulin-resistance, overweight, obesity, or metabolic
syndrome, In one2 advantageous embodiment, the patient is
& non—diabetic patient. lternatively the patient may

also be z patient with type-Z diabetes.

The present invention also concerns a method *o
reduce the insulin secretion peak after food intake in a
patlient suffering from postprandial hyperinsulinaemia
comprising the administration to said patient of an
effective guantit cf &2 vpharmaceutical composition

according to the inventicn.

The method to reduce the insulin secretion peak

further to focd intake may in particular concern a



Kcal/g 2.046 Analysis in g per 100g of product 55.1 55:1 Energy intake in WEEY Pt

[
o

patient having postprandial hyperinsulinaemia assoclated
with insulinwresistance, overwelght, obesity or metabolic
syndrome. In one advantageous embodiment, the patisnt is
& non-diabetic patient. Alternatively, the patlent may

glso be a patient with typs-2 diabetes.

DESCRIPTION OF THE FIGURES

~

- Pigure 1: Xipetics ef postprandial Iinsvlinsemia 4in

ocverweight patients {n=12}.

The resulis of the 3 days of investiligation are given as
a mean % SEM. Insullnaemia Iin controls whoe had ingested
milk is shown as a solid line with sguares, in persons
who had taken ye?st flakes devoid of manpans (beta-
glucans) as a-dashed line with diamonds, and in persons
who had ingested yeast flakes with mannans as & dotted
line with triangles. The insulin level {in =mU/L) is

given az a function of time Iin minutes {(min).

- Figure 2. Trend 1in postprandial insulinaemia shown as

the area wunder curve {AUC) 1in overwelght persons

The results of 2 days’' investigation are given as a
mean = SEM. The area under curve o¢btained in control

persons who had ingested milk is shown as a black linse,

in persons who had ingested vyeast flakes devoid of



26 For both types of yeast flakes, the glycogen content was less than JO % dry matter content by
weight. Exam e 2: Effect of the yeast flakes of the invention on the insulin level of overweight

non-...diabetic persons and of on-insulin-dependent diabetic persons.

In the remainder, the yeast

flakes containing mannans are called o yeast flakes " and the yeast flakes devoid of mannans are
called " beta-glucans ". Material and Methods Subjects, characteristics and sample s
of 2 types were enrolled:: 12 healthy overweight volunteers and 12 patients with type-2 diabetes (men
or women). For the overweight volunteers the ingjusion criteria were: body mass index of between
25 and 30 kg/m2 (limits included), age between 30 and 65 years (limits included), normal fasting
glycaemia.: <7 mmol/1, HbAlc <6%, total cholesterol: C 7.0 mmo1/1, glycerides: C 4,0 mmo1/1.
For the subjects with type-2 diabetes the inclusion criteria were: age of between 30 and 65 years

(limits included), treatment with metformin arslg/og‘hy%og&%aseemigé%f@gniq%@pd@g@Iimges and/or

glitazones for at |

438757 33 months, HBAIC: < 10 96, total cholesterol:mmol/1

persons who nhad ingested yeast Ilakes with manﬁans in a
spaced dotted line. The  insulinaemia  area {in
mU/L*time) is given for the period 0-300 minutes (tot),
the period 0-120 minutes and the period 120-300

minutes.

Figure 3: Kinetics of poestprandial insulinaemia 1in

persons with type-2 disbetes (n=l1).

The results of 3 days’' 4dinvestigation are gilven as a

mean . SEM. Insulinaemia in controls who had ingested

n

milk are shown as & sollid line with sguares, in those
who had ingested yeast flakes devold of mannans {(beta-
glucans) as a dashed line with diamonds, and in pPErsons
who had ingested yeast f£lakes with mannpans &4s a dotted
line with triangles. The dinsulin level (in mU/L) 1is

given as a function of time in minutes {min}.

nsulinaemia shown as

[

Figurs 4: Trend in postprandial
the area under curve (AUC) in patients with type-2

diabetes (n=1l1}.

The results of the 3 days’ investigation are given as 2
mean + SEM. The area of insulinaemia in contrels who
nad ingested milk is given in black, in the persons who
had ingested yeast flakes devoid of mannans {(beta-
glucans) as a close dotted line, and in persons who had
ingested vyeast flakes with mannans as & spaced apart

dotted line. The insulinaemia area (in mU/L*time) 1s

24 volunteers



triglycerides:4.0 mmol/1. The main exclusio.n criteria were: type-1 ddabetes type-2 diabetes -
treated with insulin or acarbose, insulinopenia, chronic kidney or liver deficiency, case history of
chronic gastro-intestinal disease, endocrine pathology, treatment possibly interfering with the
metabolism of carbohydrates and eating behaviour, intolerance to cows/ milk, claustrophobia
.(calorimetric measurements under Canopy0), pregnant women, persons consuming large quantities
of products on the list of banned foods. Only one diabetic person proved to be insulinopenic during
the first induced hyperglycaemia and was thereforeZechuded from the trial since not complying with
the defined inclusion criteria. The 23 other subjects éompleted the study. Oral Glucose Tolerance Test
(DGTT) The trial took place over 3 days of hospitalisation separated by an interval of 7 to 14 days.
Each subject was given each of the 3 OGTTs drawn in random order* 8 g of yeast flakes and 9 g
of beta-glucans were used in the OGTT tests. It is to be noted that the consumption of yeast flakes at
the planned dose 6£8%d6&S nekexe&&d e LonimptivntevelstobservedFoPBaksrs' yeasts and food
yeasts. 28 The prodactsiwere:dilated innE6 7 ealicfd 309638, miglicdse solution containing 50 g of
flOgiucose. For the placebo meal-test the 167 ml of uGglucose solution were supplemented with 28 ml
of whole milk and 50 ml semi-skimmed milk to obtain an energy intake equivalent to S g of yeast flakes
and 9 g of beta-ghifg4isES  The metabolic day was divided into two parts: a basal period (T-120 to
TO) during which the basal conditions (fasting) were measured, then the postprandial period of 41145
(T15 - T300) consecutive to the OGTT test.

Fxampie 1: Preparation of yeast flakes according to tThe

invention

Material and Methods

=

Preparation of yeast flakes containing mannans

An agueous cream (i.e. a suspension of veast cells
in water) of Saccharomyces cerevisiae having a dry matter
content betwsen 12 and 18 % by weight is subjected to
hydrolysis using endogenous enzymes of said yeast cells,
optionally supplementad with proteases exogenous to the
yeast cells, such as papain for example. Hydrolysis 1is
conducted at 50°C for 24 hours so as to solubilise at
least 60 % by weight of the dry matter of the yeast

cells,

In practice and generally the autolyses and
enzymatic hydrolyses of the invention are conducted at
betwaen 45°C and 55°C for 18 to 36 hours, withcout the use
of any enzyme which may solubilise the glucans or

mannoproteins.



During the OGTT test the patient was given 50 g of naglucose at TO. Depending on the random order,
the possible extemporaneous addition was made to the solution either of yeast flakes or of
beta-glucans or milk. The solution was to be ingested in less than 10 minutes, The patient remained in
decubitus position for the 5 following hours avoiding sleep. During the investigation day, the subject
was allowed to drink water (300 ml maximum) The plasma insulin levels were determined basally
(between T-120 and TO) and in the postprandial period from (r)15 to T300. The venous samples were
immediately centrifuged and the plasma collected f9£ insulin assay. The assay of plasma insulin was
performed by Radiolmmuneassay (Medgenix Diaginostics(r), Rungis France). 29 Statistical trea.troent
The results are presented as a mean per group the standard error of the mean (SEM). The results
obtained with the 3 conditions (yeast flakes, beta-glucans and placebo (milk)) were compared in pairs
using the non-parametric Wilcoxon test on matched series. To perform these statistical tests the
software used was Statvfew $3tatviet’.3 AbactsEonE8pts  Berksidy €Ay 2. RéSlits ““Good -
digestive tolerarice of. Boift tesfauk yeastproducts ¥ 8bserved ST TFinhdliridsmia Sthroughout the
3 OGTT tests indbe-ovenweight subjests:r i nfheiinereasesn insulinaemia in response to the oral
glucose intake was significantly lower in the presence of beta-glucans than with the placebo. The
insulin peak was significantly lower in the presence of beta-glucans than with the placebo (63.0 7:7
MU/L versus 91.6 13ZbmU/h ot the. milkcondition {5<6.013¢fiqurelER THié arealdéndeér curve of
insulinaemia in thepresepse ofbgta-glucans was significaatlytowerthan withitheplaceho (p<0.05)
(ﬁgumaszujTanz%gd are removed by screening and the yeast flakes of

the invention are obtained.
Preparation of yeast flakes devoid of mannans

The veast flakes obtained previcusly are placed in
an agueous suspension and heated in .an alkaline medium at
between 70°C and 100°C for no more than three hours. In
particular, the suspension in alkaline sodium hydroxide

agueows medium 1s heated to 85°C for two hours.

The fraction solubilised by this treatment 15
removed, the remaining non-solubilised fracticn Delng
collected, washed and generally dried. The solubilised

+

fraction containing the mannoproteins and also the

glycogen is removed by centrifuging and washing.

The vyeast flakes obtained after the hot alkaline
treatment are preferably subjected to an acld treatment

to remove every trace of mannoprotein. The Inscluble

ot

i

0

fraction is next acidified with phosphoric or ace

acid, then incubated at 80°C for one to two hours. The

h

solubilised fraction contalning the residues o
mannoproteins, glycogen and also some liplds is removed

by centrifuging and washing.



30 For the yeast flakes, a trend towards a reduction in insulin peak and in the area under curve
was observed compared with the placebo, Table .2: Insulin peak in mU/L and insulinaemia areas
under curve in mU/L*time in overweight subjects. The results are expressed as a mean SEM (n=12).
p<x significant difference compared with placebo (milk), OverweightMilkYeast insulinaemiaflakes Beta-
.glucans Insulin peak91-6 .13-4184.2 13(.2 .63..07.7
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Measurement of glycogen contant

To a sample of 20 mg of dried yeast flakes 1.e.
having a dry matter content of at least 90 % by welght,
is added .5 ml of 0.25 M NayC&:; and this mixture is held

at 95°C for 4 hours.

The mixture is then brought to a pH of 5.2 by adding
0.2 ml of 1M acetic acid and 1.2 ml cof 0.2M sodium
acetate, and mixing the ingredients. Distilled water is

added up to a total wvolume of 2 mi.

0.5 ml of the suspension thus cbtalned are incubated
for 15 hours in the presence of excess amyloglucosidase
of Aspergillus niger, such as marketed by ROCHE under
Cat. No. 102 €57, at S5°C.

After centrifuging, the relesased glucose 1s assayed

by enzymatic assay.

The enzymatic assay of gluccse 1s notably described
in the manual « Methceds of Biochemical Analysis and Food
Bnalysis - using Single reagents », published Dby
BOEHRINGER MANNHEIM GmbH Zicchemica © 1988, pages 50 to
55, and is preferably conducted using the “lrest-
Combination ©D-~Glucose/-Fructose” Cat. HNo. 13% 106 Zrom

the subsidiary of ROCHE: BOCEHRINGER MANNHEIM GmbH / R~

BIOFHARM GmbH Darmstadt Germany.



p<0.01 Area under curve 8715 1.1308370 1444 6736 521 0-300 inn
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The quantity ({in mg} of glucose thus assayed
corresponds to the quantity of glycogen present in the

sample expressed in glucose eguivalent welight.

-~

Measurement of the total content of glucans and

mannans

& sample of 20 mg of dried'yeast flakes i.e. having
— a dry matter content of at least 90 % by welgnht, 1is
subiected to acid hydrolysis by mixing with 20 ml of 2N
HC1l, and the mixture is kspt in a closed screw-top tube
for 4 nours at 103°C in an oven under agitation every 15

mi.

The acid soclution thus obtained. is then neutralized
and the respective guantity of glucose and mannose is

enzymatically assayed in the neutralized solution.

This enzymatic assay of glucose and mannose 1s also
described on pages 50 to 53 of the above-cited manual and
is preferably performed using the “Test-Combination” Cat.
H° 139 106.

The difference is calculated between the guantity of
glucose (expressed in mg) assayed using this method, and
the quantity of glucese f{alsc expressed in mg) assayed
for these yeast flakes using the above method to measure

the giycogen content.



p<0.05 Area under curve 649<9 903 6214 960 4816 504 0-120 min
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This difference {in mg) between the two aszsayed
cuantities of glucose corresponds to the total quantity
of .glucans present in the sample, thils gquantity besing

expressed in glucose eguivalent weight.

The guantity (in mg) of assayed mannose corresponds
to the total gquantity of mannans present in the sample,
this gquantity being expressed in mannose equivalent

weight.
Z.Results

The weast flakes thus obtained have a dry matter

content of 895 % by weight.

The composition of wyeast flakes containing mannans
and of yeast flakes devold of mannans (obtained by hot

alkaline treatment} is given in Table 1.

Table 1: Composition of vyeast flakes according to the

invention
veast flakes containing Yeast flakes devoia of
MANNENS MANNEns
Analysis in | Energy Analysis in Energy
' g per 100g | intake in ¢ per 10Cg ! intake in
of product Kcal/g of product | Kcal/g
Carbchydrates: 43.5 2.046 55.1 2.259
Glucans 28.2 55.1
 Mannans 217 0 i
Proteins - 23.6 1.298 2.2 0.121
Lipids 11.8 1.109 21.6 i 2.03



p<0.0 Area under curve: 2216 3 35 2256 5 46 1920 158 120 min

For both tTypes of weast flakes, tThe giycogen content was

less than 10 % dry matter content by welght.

Example 2: Effect cof the yeast flakes of the invention on

the insulin level of overweight non-diabetic persons and

of non~insulin~depencent diabetic persons.

In the remzinder, the vyeast flakes containing
mannans are calied « yeast fiakes » and the yeast flakes

devold of mannans are called « beta-glucans ».

1. Material and-Methods

Subjects, characteristics and sample size

24 wolunteers of 2 types were enrclled: 12 he
overweight wveolunteers and 12 patients with t

diabetes (men or womesn).

For the overweight wvolunteers the inclusion criteria
ware: body mass index of between 25 and 30 kg/m® (limits
included), age betweesn 30 and €5 vears (limits included:,
normal fasting glycaemia: <7 mmol/l, HbAlc: <6%, total
cholestercl: £ 7.0 mmol/1l, triglycerides: £ 4.0 mmol/l.

For the subjects with type-2 diabetes the inclusion
criteria were: age of between 30 and 62 years (limits
included), treatment with metformin and/ocr hypoglycasmic

g

sulfamides and/or glinides and/or glitazones for at least



Trend in insulinaemia throughout the 3 HGPO tests in type-2 diabetes subjects.  In the type-2
diabetes subjects a reduction in insulin response was also observed in the presence of beta-glucans
and in the presence of yeast flakes. The insulin peak was significantly reduced in the presence of
both beta-glucans and yeast flakes (respectively 44.2 6.0 mli/L and 43,8 4.7 mU/L versus 56.1 8.8
mOii for milk, p<0.05) (figure 3 and Table 3). 31 The area under curve was significantly reduced
in the presence of yeast flakes and beta-glucans compared with the placebo (figure 4 and Table 3),
Table 3: Insulin peamU/I, and insulinaemia area under CurvemU/1*time in type-2 diabetes subjects.
The results are expressed as a mean SEM 1-1-11)2, p<x significant difference compared with placebo
(milk),

0 %, total cholestarol: £ 7.0 mmel/1,

/L.

Pt

1
.0 mmo

3 months, Hohle: <
triglycerides: s 4

The main exclusion criteria were: type-1 diabetes,
type-2 diabetes treated with iInsulin or acarboss,
insulincopenia, chronic kidney or liver deficiency, case
history of chronic gastro-intestinal disease, endocrine
pathology, treatment possibly  interfering with ths
metabolism of carbohydrates and =ating behaviour,
intolerance to cows’ milk, claustrophobia {calorimetric
messurements unger Canopv®), pregnant women, pPersons
consuming large guantities of products on the list of

banned foods.

Only one diabetic person proved to be insulinopenic
during the first induced hyperglycaemia and was therefcre
excluded from the trial since not complying with the
defined dinclusion c¢riteria. The 23 other subjecis

complileted the study.
Oral Glucosse Teolerance Test {(OGTT)

The trial tock place over 3 days of hospitalisation
separated by an interval of 7 to 14 days. Each subject

was given each of the 3 OGTTs drawn in random order.

8 g of vyeast flakes ang 9 g of beta-glucans were
used in the OGTT tests. It 1s teo be noted that the

consumpticon of yeast flakes at the planned doss of

L9

&
fo

[0F

doss not sxceed tThe consumpticn levels observe

2=
i

bakers’ wveasts and food ysasts.



Overweight insulinaemia Milk Yeast flakes Beta- glucans Insulin peak56.1 8.8 43.84 44.26.0
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The products  were diluted Iin 167 mi of a 30%
Licglucose solution containing 50 g of Beglucose. Tor the
placebo meal-test the 167 ml of MCglucose solution were
supplemented with 28 ml of whole milk and 50 ml semi-
skimmed milk to obtain an energy intake eguivalent to 8 g

of yeast flakes and 9 g of beta-glucans.

The metabolic day was divided into two parts: a
basal period {(T-120 to TO) during which the Dbasal
sonditions (fasting) were measured, then the postprandial

period of 4hé5 (T15 - T300) consecutive to the 0OGTT tast.

During the OBTT test the patlent was given 50 ¢ of
cglucose at TO. Depending on the random order, the
possible extemporaneous addition was made to the solution
either of yeast flakes or of beta-glucans or milk. The
solution was to be ingested in less than 10 minutes. The
patient remained in gecubitus position fer the o
following hours avoiding sleep. During the investigation
day, the subject was allowed to drink water (300 ml

mhasimum; .

The plasma insulin levels were determined basally
(between T=120 and T0) and in the postprandial period
from T13 to T300. The vencus samples were immediately
centrifuged and the plasma collected for insulin assay.
The assay of plasma insulin was performed by Radliolmmune-

assay (Medgenix Diagnostics®, Rungis Francej.



p<0.05 p<0.05 Area under! 9049 1070 7947 821 8248878 1 curve 0-300 min [
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Statistical 1 abment

N
B

f

The results are presented as a mean per group t the
standard error o©f the mean (SEM). The results obtained
with the 3 conditions {veast flakes, beta-glucans and
placebo (milk)) were compared in pairs using the non-
parametric Wilcoxon test on matched series. To perform
these statistical tests the software used was Statview

(Statview, Abacus Concepts, Berkeley, CA).
Z. Results

Good digestive tolerance of Dboth tested vyeast
s

products was observed.

Trend in insulinsemia throughout the 3 OGTT tegits in

the overweight subjects

The increzse in insulinzaemia in rasponse Lo the orel
glucose intake was significantly lower in the presence of

peta-~glucans than with the placebo.

The insulin peak was significantly lower in the
presence of beta-glucans than with the placebo (63.0 £
7.7 mU/L versus 91.6 + 13.4 mU/L for the milk condition
{(p<0.01) (figure 1). The area under curve of insulinaemia
in the presence of beta-glucans was gignificantly lower

than with the placebo (p<0.05) {(figure 2 and Table 2}.



p=0.05 0<0.05 Area under4325 619 3644381 3708 404 curve 0-120 min ?
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For the yeast flakes, a trend towards a reduction in
insulin peak and in the area under curve was observead

compared with the placebo.

Table .2: Insulin peak in nU/L and insullinasmla areas
under curve in wmU/L*time in overweight subjects. The
results are expressed as a mean * B3EM (n=12). p<x =

significant difference compared with placebo {milk).

Overweight | Milk Yeast Beta-
insulinaemia | i flakes glucans
{ Insulin peak 91.6 & 13.4 | 84,2 £ 13.2 63.0 = 7.7
' p<0.01
| Area under curve 8715 + 1130 8570 % 1444 8736 + 551
0-300 mn p<0.05
Area undsr curve 6499 L 903 214 + 980 -} 4816 & 504
0-120 min ' S P, 05
Area under curve 2216 =3 35 2356 +5 48 1920 + 158
120 min

Trend in insulinaemia throughout the 3 HGPO tests in

type-2 diabetes subjects

In the type-2 diabetes subjects a reduction in
insulin response was also observed in the presence of

peta-glucans and in the presence of yeast flakes.

The insulin peak was significantly reduced in the
presence of both beta-glucans and yeast flakes
4.7 mU/L versus

X

{respectively 44.2 1 6.0 mU/L and 43.8
S6€.1 + 8.8 mU/L for milk, p<0.05) (figure 3 and Table 3).



Area underi4725 ; 587 430 502 4540 498 curve 120 minl

The area under curve was signiflicantly reduced 1in
the presence of yeast Ilakes and beta-glucans compared

with the placebo (figure ¢ and Table 3}.

Table 3: Insulin peak in mU/L and insulinaemia area under
curve 4n mU/l¥time. in  type-Z digbetes subjects. The
results are expressed as a mean *+ 3SEM in=11). p<x =

significant difference compared with placebo (milk).

Overwelght Milk ' Yeast Beta-
insulinaemia flakes glucans
| 'Insulin peak 56.1 4+ €.8 4z.8 % 4.7 44.2 £ 6.0
p<0.05 p<0.05
 Erea under 9049 + 1070 7947 + 821 8248 = B7B
L ocurve 0-300 min p=0.05 p<d.05
1 Area under _ 4325 + €619 3644 + 381 3708 + 404
curve 0-120 min
Area under 4725 £ 387 430 = 502 4540 + 498
| curve 120 min

The insulinaemia results in both populations, the
non-diabetic overweight subjects -and the type-2 diabetes
subjects, thereiore show a significant reduction 1in the
insulin response after ingestion of veast Iflakes devoid
of mannans. The same applies to the ingesticn of veast
flakes containing mannans in supjects with type-2
i1

abetes.



The insulinaemia results in both populations, the non-diabetic overweight subjects and the type-2-
diabetes subjects, therefore show a significant reduction in the insulin kesponse after ingestion of
yeast flakes devoid of mannans. The same applies’?o the ingestion of yeast flakes containing mannans
in subjects with type-2 diabetes. 32 CLAIMS 1. Use of yeast cell walls for the preparation of a
pharmaceutical composition intended for the treatment ancUor prevention of hyperinsulinaemia in a
non-diabeti tient, said yeast cell walls having: - a total glucan and mannan content of at least
34.0% dr content by weight, and - a glycogen content of less than 10 0 % 'dry matter content
by weight. 2. Use according to claim 1, wherein the yeast cell walls are of the genus Saccharomyces
cerevisiael-3. Udésaetaramged vilimiar shopirprerannsdia phasaxestivallsonrmsisaparyitehfrand
lTan ”?”hfonte”ttﬁé aLleastAnH% &’%&lﬁgﬁ beRtenERY eight ipreferRbiLak IsaskAD Q% drgmatter
y weight cell walls having:

- atotal glucan and mannan content of at least 34.0% dry matter content by weight,
and

- a glycogen content of less than 10.0 % Wry matter content by weight.

2. Use according to claim 1, wherein the yeast cell walls are of the genus Saccharomyces

cerevisine.

S
+

Use according to claim 1 or 2, wherein said yeast cell walls have a total glucan and
mannan content of at least 40.0% dry matter content by weight, preferably at least 45.0%
dry matter by weight.

4. Use according to any one of claims 1 to 3, wherein said yeast cell walls have a mannan

content less than 30% dry matter content by weight.

5 Use according to any one of claims 1 to 4, wherein said yeast cell walls have 2 mannan
content less than 2% dry matter content by weight, notably less then 1% dry matter
content by weight, notably less than 1% dry matter content by weight, notably less than
0.1% dry matter content by weight,

6. Use according to any one of claims 1 to 5, wherein the yeast cell walls have a fotal
glucan and mannan content equal to or less than 90% dry matier content by weight,
notably equal to or less than 80% dry matter content by weight, notably equal to or less

than 70% dry matter content by weight.

7. Use according to any one of claims 1 to 6, wherein the ‘yeast cell walls have a total
glucan and mannan content of 45% to 90% dry matter content by weight, preferably 52%
to 80% dry matter content by weight, preferably 63% to 77% by weight, and further
preferably 72% to 77% dry matter content by weight. '

8. Use according to any one of claims | to 7, whereln the yeast cell walls have a glycogen

content of less than 8.0% dry matier content by weight, preferably less than 5.0% dry



4. Use according to any one of claims 1 to 3, wherein said yeast cell walls have a mannan content less
than 30% dry matter content by weight. 5. Use according to any one of claims 1 to 4, wherein said
yeast cell walls have a mannan content less than 2% dry matter content by weight, notably less than

1% dry matter COH%&%%}%%Q*H% ?%Lé’ 551030 126 dy.naiger %Qg‘tﬁﬁtt@/ WglahtRotably,jess than

0.1% dry matter content by we se according to any one of claims 1 to 5, whereln the yeast cell
walls have a total¥ttreaphatds nlaﬂ‘yeéﬁféﬁ@té’cﬁ&ﬁpf%“bPYe%@lﬁlilérﬁ%%TaW RTSGET RO MENTBY weight,

notably equal to @r iesathanRP% deximatiersaentent by weight, notably equal to or less than 70% dry
matter content by weight. 7. Use according to any one of claims 1 to 6, wherein the yeast cell walls
have a tota] gluc 1930 GRNIGDLPLARC (9,08 malter it Y wREt R Blgkaply S2%
to 80% dr%mattearé]é%ntgaa%ﬁw%lg t, pre era%{/ 650/0 to 779 /cl) y v%lght andgg V}\{her prefera Iy 72% to
77% dry matter cepiwt BYuaelig)ier I@@%ﬁbﬁb?‘éénﬂ@ﬁfembm@gml BreferabR tess Hhansobs ey matter
content by weight,prgfenabbulgss shanL- Ak dayatiengantent by weight, and further preferably less
than 0.1% dry matter content by weight. 9. Use accordlng to any one of claims 1 to 8, wherein the
yeast cell walls have a dr matter content ual ! than 20% ref rabl ual to or,more than
94% and f\lIJ\@ her ;;ﬁri ferab y ‘e ltJta| 10 or ?Znotfeq& QQ%S 6?/ weight e se iccor ?%n%l 1or?é %lﬁy of
claims 1to 9 in thémﬁ@fa@ﬁedﬂ@roﬁramicahémeﬁ@nﬁ@w@s@rﬁ*ﬁmmﬁﬂ/o’ﬂtheﬁﬁﬁémr@ﬁmtance

hyperlnsullnaemlg@%g%@tqg)ygﬁp @%{&@gl%@%@verwmght obesity or metabolic syndrome. 34
Use of yeast flakes for treating and/or preventing



hyperinsulinemia Abstract The invention relates to the use of yeast flakes for preparing a
pharmaceutical composition for treating and/or preventing hyperinsulinemia. (No suitable figure)

34

Use of yeast flakes for treating and/or preventing

hyperinsulinemia
Abstract
The invention relates to the use of yeast flakes for
preparing a pharmaceutical compesition for treating

and/or preventing hyperinsulinemia.

(Wo suitable figure)



