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iv) optionally other additives selected from the group consisting of polymers,

nutritional components, stabilisers, preservatives, and antioxidants.

The water dispersible concentrate may be utilised in food for human nutrition, or as a
supplement administered in a suitable unit dosage form with or without biologically active
compounds. It may also be used to prepare lipid aggregates embedded in feed particles to
contain nutritional components for feeding fish livestock or fish larvae. Preferably, the water
dispersible concentrate is prepared using a purified, waxy phospholipid composition with at
least 40 % by weight of PC purified by ethanol extraction of a particulate or powdered
marine phospholipid/ marine protein, amino acid and minerals composition. |

The invention further describes a method to prepare a water dispersible MPL concentrate

from MPL compositions obtained by fluid and ethanol extraction.

The invention further provides a method of preparing lipid aggregates which involves
dispersing a lipid concentrate (B) comprising:
i) 25 wt% to 75 wt% of an MIPL composition comprising PC or blend of PC and the
monoacyl derivative prepared by enzyme hydrolysis in an amount of at least 40 wt%
as the major component and minor amounts of other components, including PE, PI,
SPM, PS and their monoacyl derivatives,
ii) 15 wt% to 75 wt% of glycerol or another polyol, or sugar
iii) 1 wt% to 50 wt% water,
iv) optionally, other additives selected form the group consisting of polymers,
nutritional components, stabilisers, preservatives, and antioxidants;
in water or an aqueous medium for embedment and inclusion in feed particles or addition to

food for human consumption.
The fatty acid profile of the phospholipids is characterised by at least 30 wt% of HUFAs,

chiefly DHA and EPA based on the total fatty acid content present. Preferably it should
comprise between 40 wt% and 60 wt% omega-3 fatty acids.
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Hydrophilic medium

Suitable hydrophilic medium are non toxic polyols such as glyéerol, propylene glycol,
polyglycerols and mixtures thereof. The preferred polyol is glycerol. For human use ethanol
may be suitable. Alternative polyols which may be used in place of or in addition to glycerol
are aqueous sugar solutions comprising at least 25 wt% of e.g, glucose, sucrose, soluble

maltodextrins, or polyhydric alcohols like mannitol and sorbitol etc.

Polymers

Natural gums, particularly sodium alginates which can cross link with Ca++ ions are
preferred as matrix forming material for the microparticles. Alternative materials are

proteins such as gelatine, poly péptides and peptides such as casein and soya proteins.
Stabilisers

These include buffers, osmotic components, antioxidants and anti microbials commonly used

in fish feeds and supplements.

For fish feed applications a purified, waxy MPL composition after ethanol reatment, is
hydrated in the hydrophilic medium, preferably without using elevated temperatures to
prepare a homogeneous water dispersible gel like concentrate. Preferably, permitted
antioxidants and preservatives may be added. On mixing with aqueous medium, the
concentrates readily disperse into a variety of lipid aggregates below 10 p average diameter,
preferably below 1p measured by laser light diffraction. The concentrate further comprising
nutritional components and alginates may be embedded in micro particle feed compositions.
The amount of MPL concentrate that may be incorporated and embedded in the
multicomponent feed composition may be between 10 wt% to 75 wt%, preferably 20 wt% to
40 wt%. After dehydration or lyophilisation (where appropriate) between 25 wt% to 75 wt%
of water soluble nutritional components such as protein hydrolysates based on the total

phospholipid content may be retained in the microparticles. The high capacity is due to the
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unexpected properties of the marine phospholipid concentrates for containment of both
water and oil soluble nutritional components in compositions in a destabilising environment

like sea water.

It should be understood that the invention also includes MPL compositions wherein the
mixture comprises marine diacyl phospholipids and their monoacyl derivatives. The mixture
is prepared by enzyme hydrolysis using phospholipase A2 or Al ona phospholipid
substrate which may be either a particulate MPL composition or a waxy composition
according to the method described in EP 1011634. The amount of diacy! phospholipid to
monoacy phosi:holipid in the enzyme hydrolysed MPL composiﬁon may be between 1:10 to
20:1.

There is described, characterised and defined marine phospholipid (MPL) compositions
which may be used either as such in powder form or for preparirlg purified waxy lipid
compositions which may be used to prepare improved water dispersible MPL concentrates,
as nutritional supplements and/ or ingredients for functional foods as well as the delivery
and containment of nutritional components in multicomponent fish feed compositions. The
MPL compositions in powder form and as water dispersible concentrates may be used in
unit dosage forms as supplements to supply highly bioavailable omega-3 fatty acids for
human use. The dosage forms may also contain biologically active compounds in
combination with the MPL compositions. There is also described MPL concentrates
comprising standardised and clearly defined phospholipids for embedment in feed

microparticles, which are nutritionally essential in larvae feed.

Example1

A dried marine raw material consisting 1000 g of freeze dried capelin roe with a total lipid
content of 35 wt% is extracted in a batch extraction vessel with 40 kg/h carbon dioxide at 300
bar and 40° C for 4 hours to remove 180 g of a clear orange-brown oil containing 18 wt% of
cholesterol and cholesterol esters. The particulate MPL composition in the form of a coarse

powder which is recovered contains a total lipid content of about 21 wt% , of which the
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major proportion (about 17 wt%) is polar phospholipids and 4 wt% are neutral lipids.
About 70 wt% of the phospholipids is phosphatidylcholine comprising at least 30 wt%
HUFAS. About 70 wt% of the composition is proteinaceous material including about 8 wt%
minerals and trace elements. The composition has a mild fishy taste and odour with a
peroxide value below 3 and may be used as such or mixed with suitable excipients in
functional food applications. A unit dose of 300 mg of the powder may be filled info hard
gelatine capsules for oral use as nutritional supplement. The powder may also be converted

into tablets. Optionally the MPL composition may contain biologically active compounds

In place of capelin roe, herring or cod roe may be used. An alternative dried starting material ‘

that may be used in this example is from krill.

Example 2

820 g of the powder composition from Example 1 is extracted three times successively using
ab5:1,3:1,and a2:1ratio of ethanol (containing 6 % of water) to powder to extract the
phospholipids. About 160 g of a waxy material comprising phospholipids as the major

component with minor amounts of neutral lipids is obtained. A typical purified composition

comprises:

Polar lipids: 82 wt%

PC content: 72 wt%

esterfied HUFAs: 33 wt% (of PC based on total lipids)
non polar (neutral) lipids: 13 wt%

free fatty acids: 5 wit%
Cholesterol/esters 4 wit%

Todine value: 112 (range 110 -130)
minerals, (ash) 2wt%

ethanol: 2.2 wt%

water: 1.9 wt%
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The MPL composition may be blended with 50 wt% of an oil which may be a fish oil,
vegetable oil or medium chain glyceride such as Miglyol, to prepare a fluid lipophilic
composition. Alternatively, it may also be hydrated overnight in glycerol at room
temperature to prepare a hydophlic composition . The liquid compositions may be filled

into soft gelatine capsules for oral use or it may be used in fish and larvae feeds as in

Example 1.
Example 3
*MPL with 72 wt% PC 50 wt%
Glycerol 90% 50 wt%

*MPL with about 40 % PC may also be used.
The MPL is hydrated overnight in a solution of glycerol at room temperature to prepare a

viscous gel like MPL concentrate.

Example 4

The MPL concentrate from Example 3 is mixed with up to 25 wt% lipophilic nutritional
components which may be fish triglycerides and anti oxidants such as Vit E, ascorbyl
palmitate., t-butylated hydroxytoluene, t-butylated hydroxyanisole, ascorbic acid or
ethoxyquin. Additionally 25 wt% to 50 wt% of hydrophilic fish feed components such as fish
protein hydrolysates may be added. 2 wt% sodium alginate in aqueous solution may be
added to the MPL concentrate as shown in the example. The resultant aqueous suspension of
lipid aggregates associated with nutritional components and alginate is used to prepare feed
microparticles by cross linking the alginaté in the composition in a bath containing Ca ++
ions to prepare microparticles as described in WO0027218. The microparticles are recovered

and dried. A typical composition is illustrated below.

*MPL ( with about 70 wt% PC) 20.0 wt%
Glycerol (70 %) 10.0 wt%
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Water (containing 2% Sod alginate) 19.5 wt%
Fish oil 10.0 wt%
(lipophilic nutrional component)

Fish protein hydrolysate : 40.0 wt%
(hydrophilic nutritional component)

mixed antioxidants 05 wt%

(tocopherol, ascorbylpalmitate)
* waxy MPL composition with a minimum PC content of about 40 wt% may also be used.

There is described marine phospholipids (MPL) compositions suitable for human,

feed and aquaculture purposes comprising a dry composition comprising nutritional
components selected from the group consisting of marine phospholipids, marine proteins
and amino acid blends obtainable by fluid extraction of a dried marine raw material. The
compositions have low amounts of neutral lipids and particularly low amounts of
cholesterol and cholesterol esters. They may be used either as such in powder form and for
preparing purified MPL compositions by ethanol extraction. Both forms may be used as
nutritional supplements, ingredients for functional foods either on their own or in
combination with biologically active compounds and to optimise the delivery and

containment of nutritional components in multicomponent fish feed compositions.

There is further described a blend of the purified, ethanol extracted MPL compositions
mixed with marine, vegetable, microbial or medium chain triglyceride oils to prepare liquid
preparations for hard or soft gel encapsulation.

There is further described MPL concentrates comprising purified and clearly

defined phospholipid types dispersed in hydrophilic medium which are nutritionally
essential in larvae feed. Still further there is described MPL concentrates in unit dosage forms
as supplements to supply highly bioavailable omega-3 fatty acids for human use, optionally

with biologically active compounds.
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CLAIMS:

1. A marine phospholipid (MPL) composition suitable for human, feed or aquaculture
applications comprising a dry composition comprising nutritional components
selected from the group consisting of marine phospholipids, marine proteins and

amino acid blends obtainable by fluid extraction of a dried marine raw material.

2. The composition according to claim 1, wherein the dry composition is present in

particulate or powdered form.

3. The composition according to claim 1, wherein the dry composition comprises a

major amount of polar and a lower amount of non-polar (neutral) lipids.

4. The composition according to claim 1, wherein the dry composition comprises
I) 10 wt% to 30 wt% polar and neutral lipids; and

) 70 wt% to 90 wi% marine proteins and amino acid blends.

5. The composition according to claim 1, wherein the dry composition comprises
I) 15 wt% to 30 wit% polar and neutral lipids;

) 70 wt% to 85 wi% marine proteins, amino acid blend and minerals.

6. The composition according to claim 4 , wherein the total lipid content consists of 70

wt% to 95 wt% polar lipids and 5 wt% to 30 wt% consist of neutral lipids.

7. The composition according to claim 4 , wherein the total lipid content consists of 80

wt% to 95 wi% polar lipids and 5 wt% to 20 wt% consist of neutral lipids.

8. The composition according to claim 4, wherein 40 wt% to 80 wt% of the polar lipids
consist of phosphatidylcholine and their monoacyl derivative, wherein said
phosphatidylcholine and their monoacyl derivative are esterified with 30 wt% to 60
wit% HUFAs.
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The composition according to claim 4, wherein 20 wt% to 60 wt% of the polar lipids
consist of phospholipids selected from the group consisting of phosphatidyl
ethanolamine, phosphatidyl inositol, phosphatidyl serine, sphingomyelin and the

monoacyl derivatives thereof.

The composition according to claim 4, which is prepared by means of ethanol

extraction to achieve a waxy constitution.

The composition according to claim 10 comprising
i) 70 wt% to 95 wt% of polar and neutral lipids,
i) 5 wt% to 30 wt% of neutral lipids.

The composition according to claim 11 blended with 30 wt% to 60 wt% of a fish oil or

any other edible neutral oil for use in hard or soft gelatine capsules.

A homogeneous water dispersible MPL concentrate comprising,

i) 25 wt% to 75 wt% marine phospholipids;

ii) 15 wt% to 75 wt% of ethanol or at least one polyol or mixtures thereof

iii) water to make 100%; and,

iv) optionally further additives selected from the group consisting of polymers,

nutritional components, stabilizers, preservatives and antioxidants.

A composition according to claims 1, 4, 10 and 11 mixed homogeneously with
phospholipids selected from the group consisting of soya, plant, egg, semi-synthetic,
enzyme modified phospholipids and optionally biologically active compounds.

A method for further processing the MPL composition according to claim 1, which
comprises separating the marine proteins and amino acid blends from the dry

composition.
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A method for further processing the water dispersible MPL concentrate according to
claim 13, which comprises dispersing the concentrate in water and administering the

dispersion to fish and/or larvae.

A process for preparing a waxy marine phospholipid (MPL) composition suitable for
human or aquaculture applications, which process comprises the step of preparing a
dry composition comprising nutritional components selected from the group

consisting of marine phospholipids, marine proteins ,amino acid and minerals blend

by subjecting a dried marine raw material to fluid extraction.

A process for preparing a marine phospholipid composition according to claim 1,
which comprises preparing the dry composition by subjecting the dried marine raw

material to fluid extraction with acetone.

A process for preparing a marine phospholipid composition according to claim 1,
which process comprises preparing the dry composition by subjecting the dried

marine raw material to fluid extraction with supercritical gas.

A process for preparing a water dispersible MPL concentrate from an MPL

composition involving fluid and ethanol extraction.
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Description
FIELD OF THE INVENTION

[0001] The presentinvention concerns extracts of cells or tissue or their supernatants which can inhibit proliferation
of cells or tissue. The invention also provides compositions comprising such extracts as well as pharmaceutical, cos-
metic and agricultural uses of the compositions and extracts.

BACKGROUND OF THE INVENTION

[0002] Deormancy is a phenomena which is found in representatives of the plant kingdom as well as the animal
kingdom.

[0003] The germination of various grains and seeds comprising the necessary propagation organs is delayed under
certain circumstances and yet the grains or seeds are capable of germinating after various periods of time. The period
of time in which gemmination of such seeds may be delayed varies and depends both on intrinsic properties of the seed
as well as on the nature and extremity of the environmental conditions. Seeds have been shown to be in dormancy
for a few days, a year, several years and even for more than several centuries (as was discovered lately in the case
of some nympheaceae and seeds of trees of the Leguminosae family (Shen-Miller, J., ef al., American Journal of
Botany, 82:1367-1380, 1995)).

[0004] Insome cases,the capability to develop dormancy lies in the embryo envelopes. In such acase, the separation
of the envelopes from the embryo, result in its immediate germination.

[0005] In other cases, chemical growth inhibitors capable of preventing germination are present in the embryo itself
and thus even a bare embryo may remain dormant (such as inthe case of Rosaceae plants such as Kerria, Peach, etc.).
[0006] In plants, a state of dormancy may be found in the whole plant orin one or more of its parts. Dormant plants
are plants which have two main metabolic states in their growth cycle. In their dormant state, the plants' metabolism
is extremely low, and the plant growth process is significantly inhibited although differentiation of certain cells may
occur. Intheir active state, the plants' metabolism rate is higher, the cells divide and differentiate and there is significant
growth of various parts of the plant. In some cases, the whole plant enters the dormant state. Such is the case in
Narcissus plants in which during the dormant state the only remaining viable part is the bulb which is in its dormant
state. In other cases, some parts of the plants may be active while other parts may be in dormancy such as, for example,
is the case of apple trees.

[0007] Substances capable of inhibiting germination have also been shown to be present in the juice of fleshy fruits
or in other plant organs which produce juice. Examples are tomatoes, grapes, kiwi, watermelon and grapefruit wherein
pips present in the fruit do not germinate although their surrcundings are suitable for germination due to the water
within the fruit.

[0008] Several plant-derived substances having an effect on cell proliferation have been reported. For example,
European Patent Application No. 0351514 describes compositions comprising both naturally derived as well as syn-
thetically prepared sphingolipids which have growth inhibitory activity on various kinds of cells. Another well known
plant-derived substance having an anti-mitotic effect on various kinds of human cells is the substance colchicine (Sam-
son, F.E., A. Rev. Pharmac. Toxic 16:143 (1976)). The Narcissus alkaloid, pretazettine, was shown to have a cytotoxic
effect on Rausher virus-carrier cells as well as anti-leukemic activity in leukemic mice although the predominant activity
of the substance was shown to be an antiviral activity (Furusawa, E. ef al., Chemotherapy, 26:36-45, (1980) and Fu-
rusawa, E. et al., Proc. Soc. Exp. Biol. Med., 152:186-191, (1976). Ulex europaeus seed extracts were shown to com-
prise a non glycoprotein lectin capable of reversibly inhibiting growth of certain lymphocytes as well as to inhibit the
growth of various reticulo endothelial tumor cell lines (Pirofsky, B., et al., Vox-Sang, 42:295-303, (1982) and Pirofsky,
B., et al, J. Biol. Response Mod., 2:175-185, (1983). Root extract of Panex ginseng was shown to decrease DNA
synthesis measured by [H3]-thymidine incorporation of V 79 Chinese hamster lung cells. Another substance, Narcicla-
sine obtained from bulbs of various Narcissus varieties was shown, amongst other of its activities, to inhibit growth of
wheat kernel radicals (Ceriotti, G., ef al., Tumors §3:359-371 (1967)). Bulbs of Pancratium littoral collected in Hawaii
were found to contain a product designated pancratistatin capable of inhibiting growth of various neoplastic cell lines
in vitro (Pettit, G.R., et al., J. Nat. Prod. 49:995-1002 (1986)).

[0009] The Japanese Patent Application JP 55177865 (Kosugi Kikuo, filed on December 16, 1980) reports the use
of an extracted solution from bulbs of cluster-amaryllis of amaryllidaceous plant or narcissus in the preparation of a
cosmetic composition to prevent the aging of the skin and the occurrence of the stain caused by the influence of the
sunlight, and to exhibit beautifying action.

[0010] Against this, many plant extracts having an opposite effect on cells, i.e., capable of augmenting their prolif-
eration were also described such as, for example, the methanolic extract from the root of Scutellaria baicalensis georgi
were shown to significantly augment the cellular activity of fibroblasts (Chung, C.P., et al., Planta-Med, 61:150-153
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(1995)). Gibberellin-like growth substances were found in six different plant species having bulbs (Staby, G.L., Hort.
Science, 399-400 (1970)). Several cytokinins which were found in roots that developed from Narcissus bulbs had an
effect on bulb growth of the plants in which they were detected (Vanstaden, J.V., Pflanzenphysiol., 86:323-30 (1978)).
[0011] The phenomena of dormancy may also be found in the animal kingdem, for example, in the small crustacean
Artemia salina (Finamore and Clegg In: The Cell Cycle, Academic Press Ed., 249-278, 1969). The natural environment
of this marine crustacea is usually briny ponds. After fertilization, the early stages of development of artemia involve
the formation of a blastula which then becomes a gastrula. Under severe environmental conditions such as dehydration
(drought), the gastrula is capable of forming a cyst wherein the whole organism enters a dormancy phase. The dormant
artemia gastrula (commonly miscalled "artemia eggs”) are capable of remaining in their dormant state for many years.
When the encysted gastrula are rehydrated, the various metabolic activities of the artemia are resumed and protein
synthesis can be seen after about 10 minutes. However, DNA synthesis and cell division are absent until about after
60 hours (Le Gal, Y, In: Biochimie Marine, (Ed. Masson) p. 176, 1988).

[0012] Various plant derived compositions (such as retinoic acid (US 5,438,073) and o-hydroxy acids (Ditre, C.M.,
etal, J. Am. Acad Dermatol., 34.187-195, 1996)) as well as animal derived extracts have been proposed for use in
the cosmetic field for stimulating the proliferation and renewal of epidermal cells. Such compositions were considered
to be useful in the cosmetic field where it is accepted that the natural renewal process of epidermis is slowed down
with aging. It is believed that removal of the outer surface with simultaneous stimulation of growth of new cells in the
inner layers of the epidermis to divide and migrate to the outer surface, will result in skin renewal and in a younger skin
appearance. However, it is also known and has been recently shown that the increase in cell division is a crucial factor
in converting normal cells into premalignant or malignant cells (Ames, B.N. et al., Environ. Health Perspect 101:35-44
(1993)).

[0013] Itis also believed today that normal human and animal cells have a finite capacity to replicate. It has been
shown that the number of mitotic events that cultured normal animal cells can undergo appear to be inversely related
to the age of the donor from which they were obtained (Hayflick, L., Clin. Geriatr. Med., 1:15-27, (1985)). It has also
been shown that cell cultures obtained from patients with accelerated aging syndromes undergo less replications than
cell cultures obtained from age matched control individuals.

GLOSSARY
[0014] The following is the meaning of some terms of which will be used in the text below:

Dormancy - a state in which there is a marked decrease in the metabolic rate of cells or tissues resulting in the
inhibition of growth and proliferation of the cells or tissue.

Dormans - substances naturally found in cells or tissue and which are capable of inducing cells or tissue to enter
a state of dormancy or of maintaining the dormant state in cells or tissues that have already entered that state.
The dormans may be obtained from a variety of plant parts which are capable of entering into a state of dormancy;
from juice of various fruits which contain dormans capable of inhibiting germination of seeds within the fruit; from
animals which are capable of entering a phase of dormancy in their life cycle, e.g. gastrula of certain crustaceans
such as artemia or dafnia; etc. In some cases, the dormans are found within a dormant tissue, e.g. in a dormant
seed or in the gastrula of artemia or dafnia; in other cases the dormans are found in a tissue surrounding the
dorman tissue or organ, e.g. in a fruit juice surrounding a dormant seed.

Extract - At least ocne substance obtained by any of a variety of extraction methods known in the art. For example,
the extract may be an aqueous extract, a glycolic extract an alcoholic extract, an oily extract, etc. The extract in
accordance with the invention is obtained from cells or tissues from a part of a plant or animal capable of entering
a state of dormancy. The cells or tissue may be obtained directly from the plant or animal and the extract may then
be prepared therefrom. Alternatively, cell cultures may first be prepared from the plant or animal cells or tissues
and then the cell cultures may be grown for various periods of time. In order to prepare an extract, the cells are
then harvested from the cell cultures, the cells and their growth medium are separated and an extract may be
prepared either from the cells themselves or from the growth medium (which will be referred to as "supernatant”)
which contains substances secreted by the cells into their growth medium. Thus, the "exiract” may be obtained
directly from plant or animal tissue or from an animal or plant cell or tissue culture.

Dorman extract - an extract obtained from a plant cell or tissue, from fruit or from an animal cell or tissue which
comprises dormans.

Enriched dorman preparation (EDP) - a preparation derived from a natural source which comprises dormans in
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a concentration larger than that which is found in a natural unprocessed extract. The EDP may be obtained by
purification of a natural extract to obtain fractions which contained dormans in the larger concentration, e.g. by
various chromatographic techniques, by filtration, etc., as well as by biological means including growing cells or
tissue which are capable of producing dormans under conditions in which they produce dormans in relatively large
quantities and collecting their secretion products. In order to determine whether a preparation is an enriched dor-
man preparation, the preparation may be assayed for a specific biological activity associated with dormans, as
described below. EDP contains a substantially higher concentration of dormans as compared to the natural prep-
aration, e.g. at least 1.5 folds, preferably 2 folds and typically at least 2.5 folds to the concentration of the dormans
in the natural preparation.

Producer cells or producer tissue - cells or tissue which are capable of producing dormans which may thus be
extracted therefrom.

Target cells or target tissue - cells or tissue which are contacted with dermans, in accordance with the invention
and which thereby enter a state of inhibition of their growth or proliferation or maintain such a state as the result
of contact with dormans.

Dorman analog - a substance, typically synthetic, which has a dorman-like activity in that it is capable of inducing
dormancy in the same cells or tissue induced to dormancy by the dorman and which, in accordance with the
invention, is also capable of inhibiting growth and proliferation of target cells or tissue.

Dorman composition (DC) - a water-soluble extract comprising, as active ingredient, an amount of dorman (e.
g. as a dorman extract) or derman analog effective in inhibiting growth and proliferation of target cells or tissue
("effective amount”). A dorman composition may comprise a naturally derived EDP, a compesition comprising
synthetic dormans as well as dorman analogs.

Active Extract (AE) - extracts obtained from cells or tissues from a part of a plant or animal capable of entering
a state of dormancy during the non dormant state.

SUMMARY OF THE INVENTION

[0015] In accordance with the invention, use is made of a dorman composition. The compositions are used for in-
hibiting proliferation of cells, particularly cells xenogeneic to the producer cells or tissue. By one preferred embodiment
of theinvention, the compositions are used in human medicine and cosmetics. In accordance with another embodiment,
the compositions are used for controlling plant growth. By yet a further embodiment, the compositions of the invention
are used in food preservation.

[0016] By one aspect of the invention there is thus provided a process for producing a water-soluble extract which
inhibits proliferation of target cells or target tissue, said process comprising:

(i) providing producer cells or producer tissue derived from an organism which is xencgeneic to said target cells
and which is capable of entering into a dormant state;

(i) providing conditions which induce said cells or tissue to enter into a dormant state or, if already in a dormant
state, to maintain said dormant state;

(iii) recovering a water-soluble extract from said cells or tissue or from the medium in which said cells ortissue are
incubated; wherein said water-soluble extract displays a cell anti-proliferative activity.

[0017] By one embodiment the composition comprises an enriched dorman preparation (EDP) which, as defined
above, comprises dormans in a concentration larger than that which is found in a natural unprocessed extract.
[0018] The preducer cells or tissues from which the exiract is obtained may be of the same origin as said target cells
or tissues but are preferably of a different origin. In accordance with one embodiment of the invention, said target cells
or tissue are human cells or tissue and said producer cells or tissue are plant or non human animal cells or tissue. In
accordance with another embodiment of the invention, said target cells or tissue are plant cells or tissue.

[0019] In accordance with one preferred embodiment of the invention, the dorman composition is a pharmaceutical
or cosmetic composition for inhibiting cell proliferation within the bedy. In accordance with another embodiment of the
invention, said compasition is used for inhibiting germination of seeds (being either natural or artificially prepared) or
growth of seedlings for the purpose of maintaining seedlings in a dormant state for example during storage. In accord-
ance with a further embodiment of the invention, the dorman composition is used in fresh food preservation.

[0020] By one embodiment, the water-soluble extracts used in accordance with the invention are derived from dor-
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mant plants.

[0021] Water-soluble extracts in accordance with the invention obtained from bulbs of dormant plants while in their
dormant state are capable of inhibiting the growth of seedlings as well as to inhibit the proliferation of various target
cells, including various mammalian cells, e.g. human cells, to a significantly higher extent than preparations obtained
under the same conditions from bulbs of the same plant being in their active state. It was also found that dorman
compositions obtained from cell cultures prepared from various parts of dormant plants and induced into dormancy
are also capable of inhibiting the growth of seedlings as well as to inhibit the proliferation of various cells, including
various mammalian cells, e.g. human cells. These DCs, in a wide range of concentrations, had no noticeable toxic
effect on the target cells, this being in contrast to most substances which have an anti-proliferating effect.

[0022] In accordance with the invention, any plant capable of entering a dormant state may be used for obtaining
an DC. Some non-limiting examples of such plants, as well as the parts of such plants which enter a dormant state
(designated "D-part”) and from which the DC may be obtained, are shown in the following Tables | and Il:

Table |

(Bulbs, corms, roots, rhizomes)

Name Family D-part
Allium Liliacease bulbs
Amaryllis belladona Amaryllidacea bulbs

Anemone Ranunculacea | perennials & tuberous or fibrous roots
Babiana Iridacea corms
Brodiaea Liliaceae corms
Chionodoxa Liliaceae bulbs
Crocus Iridacea corms
Ornithogallum Liliaceae bulbs

Cyclamen Primulaceae perennials & tuberous roots
Endymion Liliaceae bulbs

Arum Araceae perennials & Tubercus roots
Freesia Iridacea corms
Fritillaria Liliaceae bulbs
Galanthus Amaryllidacea bulbs
Hippeastrum Amaryllidacea bulbs
Hyancinthus Liliaceae bulbs
Leek Liliaceae bulbs
Ipheion uniflorum Amaryllidacea bulbs

Iris Iridacea bulbs & rhizomes
Ixia Iridacea corms
Leucojum Amaryllidacea bulbs
Lilium Liliaceae bulbs
Muscari Liliaceae bulbs
Narcissus Amaryllidacea bulbs

Oxalis Oxalidaceae bulbs & rhizomes

Paeonia Paeconiaceae tuberous perennials

Puschkinia scilloides

Liliaceae

bulbs

Ranuculus

Ranunculacea

tubers or perennials
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Table | (continued)

(Bulbs, corms, roots, rhizomes)

Name Family D-part
Radohypoxis Hypoxidaceae bulbs
Rhodophiala Amaryllidacea bulbs

Scilia Liliaceae bulbs

Sparaxis Iridacea corms
Raritimum Liliaceae bulbs
Triteleia Amaryllidacea corms
Tulipa Liliaceae bulbs
Tritonia crocata Iridacea corms
Watsonia pyramidata Iridacea corms
Zantedeschia Araceae rhizomes
Begonia Begoniceae rhizomes
Caladium Araceae perennials & tuberous roots
Canna Cannaceae perennials & tuberous roots
Crocosmia Iridacea corms
Dahlia Asteraceae perennials & tuberous roots
Gladiolus Iridacea corms
Gloriosa rothschildiana Liliaceae perennials & tuberous roots
Homeria collina Iridacea corms
Hymenocallis Amaryllidacea bulbs
Liatris Asteraceae perennials
Polianthes tuberosa Agavaceae perennials & tuberous roots
Tigridia pavonia Iridacea bulbs
Zantedeschia Araceae rhizomes
Zephyranthes Amaryllidacea bulbs
Colchicum Liliaceae corms
Lycoris Amaryllidacea bulbs
Sterenbergia lutea Amaryllidacea bulbs
Pancratium Liliaceae bulbs
Table Il
(Deciduous fruit trees, shrubs, seeds)
Name Family D-part
Malus - crabapple Malus Deciduous & fruit trees & shrubs

Mangifera Anacardiaceae Deciduous & fruit trees & shrubs
Peach Rosaceae Deciduous & fruit trees & shrubs
Persimmon Ebenaceae Deciduous & fruit trees & shrubs

Pistacia chinensis

Anacardiaceae

Deciduous & fruit trees & shrubs
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Table Il (continued)

(Deciduous fruit trees, shrubs, seeds)

Name Family D-part
Prunus Rosaceae Deciduous & fruit trees & shrubs
Fraxinus Oleaceae Deciduous & fruit trees & shrubs
Pyrus Rosaceae Deciduous & fruit trees & shrubs
Quercus Fagaceae Deciduous & fruit trees & shrubs
Salix Salicaceae Deciduous & fruit trees & shrubs
Actinidia Actinidiaceae Deciduous & fruit trees & shrubs

Akebia quinata

Lardizabalaceae

Deciduous & fruit trees & shrubs

Blueberry Vitaceae Deciduous & fruit trees & shrubs
Apple Rosaceae Deciduous & fruit trees & shrubs
Aloysia Verbenaceae Deciduous & fruit trees & shrubs
Campsis Bignoniaceae Deciduous & fruit trees & shrubs
Celastrus Celastraceae Deciduous & fruit trees & shrubs
Cellery Apiaceae seeds
Clematis Ranunculaceae Deciduous & fruit trees & shrubs
Grape Vitaceae Deciduous & fruit trees & shrubs
Humulus Cannabaceae Deciduous & fruit trees & shrubs
Fig Moraceae Deciduous & fruit trees & shrubs
Wisteria Fabaceae Deciduous & fruit trees & shrubs
Bean Fabaceae Deciduous & fruit trees & shrubs
Lathyrus pea Fabaceae Deciduous & fruit trees & shrubs

Tropaeolum Tropaeolaceae Deciduous & fruit trees & shrubs
Amelanchier Rosaceae Deciduous & fruit trees & shrubs
Cotoneaster Rosaceae Deciduous & fruit trees & shrubs
Barberry Berberadaceae Deciduous & fruit trees & shrubs
Enkianthus Ericaeae Deciduous & fruit trees & shrubs
Eunymus Celastraceae Deciduous & fruittrees & shrubs
Kerria japonica Rosaceae Dedicuous & fruit trees & shrubs
Parsnip Apiaceae seeds
Passiflora Passifloraceae Deciduous & fruit trees & shrubs
Rhdodendron Ericaceae Deciduous & fruit trees & shrubs
Acacia Fabaceae Deciduous & fruit trees & shrubs
Albizia Fabaceae Deciduous & fruit trees & shrubs
Almond Rosaceae Deciduous & fruit trees & shrubs
Ampelopsis Vitaceae veciduous & fruit trees & shrubs
Anethum Apiaceae seeds
Annona cherimola Annonaceae Deciduous & fruit trees & shrubs
Apricot Rosaceae Deciduous & fruit trees & shrubs
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Table Il (continued)

(Deciduous fruit trees, shrubs, seeds)

Name Family D-part
Artemisia Asteraceae Deciduous & fruit trees & shrubs
Asparagus Liliaceae seeds
Blackberry Rosaceae Deciduous & fruit trees & shrubs
Carrot Apiaceae seeds

Carya pecan

Juglandeaceae

Deciduous & fruit trees & shrubs

Cherry Rosaceae Deciduous & fruit trees & shrubs
Corn Poaceae seeds
Helianthus Asteraceae seeds
Cucumber Cucurbitaceae seeds
Filbert Betulaceae Deciduous & fruit trees & shrubs
Gooseberry Saxifragaceae Deciduous & fruit trees & shrubs
Gourd Cucurbitaceae Deciduous & fruit trees & shrubs
Lettuce Asteraceae seeds
Melon Cucurbitaceae seeds
Okra Malvaceae seeds
Onion Amaryllidaceae seeds or bulbs
Peanut Fabaceae seeds
Pear Rosaceae Deciduous & fruit trees & shrubs
Pumpkin Cucurbitaceae seeds
Punika garantium Punicaceae seeds
Radish Cruciferae seeds
Walnut Juglandeaceae Deciduous & fruittrees & shrubs
Ziziphus jujuba Rhamanceae Deciduous & fruit trees & shrubs
Raspberry Rosaceae Deciduous & fruit trees & shrubs
Strawberry Rosaceae Deciduous & fruit trees & shrubs
Tumip & rutabaga Cruciferae Deciduous & fruit trees & shrubs
Malva Malvaceae seeds
Verbascum Scrophulariaceae seeds
Chenopodium Chenopediaceae seeds
Nelumbo Nelumbonaceae seeds
Lupinus Papilonaceace seeds

[0023] Inaccordance with the invention, DC is preferably obtained from plants which are in their dormant state either
as a result of the natural process of dormancy or as a result of being externally induced into dormancy by exposure
which induce a dormant state e.g. conditions as incubation at a dormancy inducing temperature for a sufficient period
of time. The conditions for inducing dormancy in various dormant plants may vary (e.g. the incubation temperature and
the duration of the incubation) and are known to a person versed in the art. Thus for example there are plants (such
as Narcissus) induced into dormancy by their exposure to relatively high temperatures. Against this, other plants (such
as tulip) will be induced into dormancy by their exposure to relatively low temperatures. Other factors such as light,
humidity, concentration of various growth factors, etc. may also be used to induce dormancy.
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[0024] In accordance with one preferred embodiment of the invention, the DC is obtained from a part of the plant
capable of entering dormancy (D-part), e.g. from bulbs. Bulbs induced into their dormant state may either be used
immediately for the preparation of DC or, alternatively, may be stored under conditions which maintain a dormant state,
e.g. in the case of Narcissus these include high temperature and low humidity. In addition to bulbs, other parts of
dormant plants such as combs, roots, seeds, etc., may also be induced into dormancy as explained above and then
used for obtaining DC therefrom.

[0025] In accordance with another embodiment of the invention, the dorman extract is obtained from cell cultures
which were prepared from any part of a dormant plant (e.g. bulbs) and induced into dormancy. The culture may be
obtained by inoculation of bulbs of dormant plants having inflorescence stalk initials into a suitable medium to form
callous cultures of the bulb extracts. The cell cultures are typically grown to confluency and very small bulb parts are
formed in the cell culture (termed "bulblets "). Induction of a dormant state in the cell cultures or bulblets is obtained
by their exposure to conditions which induce dormancy conditions, such as incubation at a dormancy inducing tem-
perature for a sufficient period of time. Dormancy may also be induced /n vitro by exposing the cell cultures or bulblets
to various types of chemical stresses (low or high concentrations of sugar, salts, etc.).

[0026] In addition to bulblets, cell cultures derived from other parts of dormant plants such as combs, roots, seeds,
etc., may also be used for obtaining cell culture derived dorman extracts.

[0027] By yet another embodiment, the dorman analogs of the invention may be synthetically prepared by any one
by the methods known in the art such as by recombinant DNA techniques, chemical synthesis, combinational chemistry,
etc., the dorman analogs maintaining substantially similar characteristics as far as their ability to induce dormancy and
inhibit proliferation of target cells of the dormans on which they are based.

[0028] A plant derived DC of the invention is obtained as a water-soluble extract of the plant material. The water-
soluble extract may be prepared by homogenizing the plant material and then suspending the homogenate in an aque-
ous solution.

[0029] In accordance with a further embodiment of the invention, the EDPs are obtained from juice of fruits or other
juice producing plant organs. Fruits typically contain dormans which inhibit germination of the seeds and pips while
these are within the fruit. Examples of juices from which dormans may be purified are juice of citrus fruits, grapes,
tomato, kiwi, etc. The fruit juice may be used as such or alternatively, the dormans can be purified from the fruit juice
as explained below.

[0030] In accordance with yet another embodiment of the invention, the dormans are exiracted from producer cells
eriginating from animals capable of entering a dormant phase during their life cycle. During the dormant phase, the
animals' metabolic rate is lowered to a minimum and there is an arrest in cell proliferation. Examples of such animals
are various marine crustacea such as artemia, dafnia and cyclops.

[0031] As explained above with regards to plant derived DC, animal derived DC may also be obtained from animals
which are in their dormant state as a result of the natural process of dormancy or as a result of being externally induced
into dormancy by exposure to dormancy-inducing conditions such as dehydration (Arfemia salina) or anoxia (Artemia
franciscana). The dormans may be extracted from the animal tissue by various methods known per se.

[0032] The animal derived DC may be obtained from the animals or their organs as such. Alternatively, cell cultures
may first be prepared from the dormant animal, and after maintaining the cells in culture for various periods of time,
DC may then be extracted either from the supernatant or by harvesting the cells and/cr extracting the DC therefrom.
[0033] The DC of the invention may be purified from the producer cells by a variety of methods known per se, for
example by chromatography (e.g. TLC, HPLC, ion exchange) by size fractionation (e.g. dialysis, gel filtration), etc.
[0034] Inaccordance with the invention, it has been realized for the first time that, when administered to an individual,
the anti-proliferative activity of said dorman composition may slow down the cell division rate of the cells present in the
inner layers of the epidermis.

[0035] Another aspect of the invention is thus the use of said dorman compositions as a cosmetic or dermatological
composition useful for the maintenance of the juvenile appearance of an individual's skin or for the treatment of age
related skin changes.

[0036] The presentinvention relates to the use of an effective amount of a water-soluble extract obtained from pro-
ducer cells or producer tissue or from the medium in which said cells or tissue are incubated, wherein

(i) said producer cells or producer tissue originate from an organism which is xenogeneic to said individual;
(ii) said producer cells or producer tissue originate from an organism which can enter into a state of dormancy; and,
(iii) said water-soluble extract is obtained from producer cell or tissue while in a dormant state,

as a cosmetic composition having an anti-proliferative effect on target cells or tissue of an individual.

[0037] In accordance with this latter aspect of the present invention, a dermatological or cosmetic composition is
provided comprising from about 0.0001%, preferably from about 0.001% typically from about 0.01% up to about 5%
preferably up to about 1% by weight of dorman extract or dorman analogtogether with a dermatologically or cosmetically
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acceptable carrier.

[0038] The dermatological or cosmetic compositions of the invention may be administered in various forms such as
in the form of a balm, an emulsified gel, an aqueous-alcoholic gel, anhydrous gel, an oil in water (O/W) type emulsion,
a clear gel, cream containing liposomes, etc.

[0039] The cosmetic or dermatological compositions are typically topically administered. However, it may at times
be advantageous to administer the compositions by other administration modes, such as for example, by subcutane
injections, by orally administered capsules or by iontophoresis (which involves the use of electric fields to increase the
penetration of ionic active substances).

[0040] Due to their significant anti proliferative effect said dorman compositions may also be used for the treatment
of various malignancies. The present invention thus relates to the use of an effective amount of a water-soluble extract
obtained from producer cells or producer tissue or from the medium in which said cells or tissue are incubated, wherein

(i) said producer cells or producer tissue originate from an organism which is xenogeneic to said individual;
(i) said producer cells or producer tissue originate from an organism which can enter into a state of dormancy; and,
(i) said water-soluble extract is obtained from producer cell or tissue while in a dormant state,

for the preparation of a medicament having an anti-proliferative effect on target cells or tissue of an individual.
[0041] As mentioned above, the cell division rate is a significant factering determining the probability of a cell to
become a premalignant or malignant cell. In addition, as known, the formation of a benign or malignant tumor is de-
pendent, inter alia, on continuous divisions of the cells forming the tumor. Administration of the dorman compositions
to an individual before the formation or at early stages of the formation of a benign or malignant tumor may result in
the delay or prevention of the formation of a fully fledged tumor in the treated individual. Administration of said extracts
to an individual suffering from a fully fledged benign or malignant tumor may result in the reduction of the tumor load
in the treated individual and in the alleviation of the tumor-related symptoms. Said dorman compositions may be ef-
fective in the treatment of primary as well as secondary (metastatic) tumors. Said exiracts may also be administered
in combination with one or more known anti-tumorigenic treatments (e.g. chemotherapeutic agents, radiation, etc.) to
achieve a synergistic anti-tumorigenic effect. The doses of said extracts to be administered to an individual as well as
the treatment modality will be dependent on characteristics of the treated individual (age, weight, medical history, etc.)
as well as on characteristics of the developing or existing tumor (benign or malignant, size, origin, primary or secondary,
etc.). In individuals having a high risk of developing a primary or secondary tumor, the dorman compositions may be
administered routinely in order to reduce the probability of tumor formation.

[0042] The present invention thus further relates to the use of a composition comprising a dorman extract capable
of inhibiting the proliferation of cells, for the administration to an individual having a benign or malignant tumor or being
at a high risk of developing a tumor.

[0043] By yet an additional aspect of the invention, dorman compositions may be used to enhance the therapeutic
index of chemotherapeutic and radiation treatments. In an individual receiving such treatments, normal dividing cells
such as cells of the inner lining of the intestines, cells of hair follicles and hematopoietic cells are also harmed by the
chemotherapeutic agents or radiation which are aimed at destroying the malignant cells of which a large percent are
dividing cells. By administration of dorman compesitions to an individual prior to or together with such treatments, it
may be possible to inhibit the proliferation of a significant percent of the normal cells. As a result, toxic side effects due
to the influence of the treatments on normal cells may be significantly reduced and when beneficial, higher concentra-
tions of the chemotherapeutic or radiation treatments may be used. In order to facilitate the toxicity reducing affect of
the dorman composition, it may at times be administered directly to a needing site, tissue or organ, e.g. onto the skin.
[0044] The present invention thus provides by a further of its aspects, a composition capable of inhibiting the prolif-
erationof cells, for administration to an individual receiving chemotherapeutic or radiation treatments, comprising an
effective amount of dorman, dorman extract or dorman analog.

[0045] Other therapeutic applications of the dorman compositions include inhibition of fibrosis, e.g. skin fibrosis,
cirrhosis, and others. It should be noted that hitherto, fibrosis, which is an over proliferation of fibroblasts, has been
treated by cytotoxic drugs, but with a limited application due to their general non specific toxicity. Inhibition of the
fibroblast proliferation by the use of the dorman compeosition of the invention, provides a viable, less toxic alternative.
In a similar manner, the dorman compositions of the invention may also be useful in the treatment of psoriasis which
results from over proliferation of keratinocytes. Seborrheic keratosis, papilomas and warts may also be treated by the
dorman compositions.

[0046] Another possible application of the dorman composition of the invention is in preservation of organs or tissue
prior to their use for transplantation.

[0047] Other applications of said dorman compositions may be, for example, in the treatment of scalp baldness
(Alopecia) which is many times one of the phenomenas associated with aging of the skin in an individual. In individuals
suffering from Alopecia, the life span of scalp hair decreases substantially (e.g. from a life span of about 3 years in a
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normal individual to a life span of about one year in an individual suffering from Alopecia). Therefore, decreasing the
rate of hair growth in an individual having a high probability of developing Alopecia or in an individual already showing
for signs of scalp hair loss, will decrease the extent of such hair loss. Administration of the dorman compositions of
the invention to such an individual may result in a partial or complete decrease of the hair loss. For this purpose, the
dorman comprising compositions may be administered either topically at the site of scalp hair loss or, alternatively, in
other cases may be administered systemically.

[0048] An additional phenomena which may be treated by administration of the dorman comprising compositions of
the invention is associated with overgrowth of hair in various parts of an individual's body, such as arms, back, etc.
(Hirsutism). Such undesired overgrowth of hair appears many times in aging individuals and, at times, is associated
with loss of scalp hair in the same individual. Due to their ability to reduce cell growth, compositions of the invention
may be useful in reducing such undesired overgrowth of hair.

[0049] The amount of the dorman comprising compositions to be administered for the above two indications, the
administration regimes as well as their mode of application will again depend both on characteristics of the treated
individual (age, size, gender, etc.) as well as on parameters associated with the phenomena to be treated (such as
the extent of scalp hair loss, the specific body parts in which there is overgrowth of hair, etc.).

[0050] In addition, the dorman composition may be useful as a complementary agent administered in combination
with or following hair removal treatments such as, for example, shaving (where said extract may be incorporated in an
aftershave solution) or hair stripping (e.g. by wax).

[0051] Another application of the dorman composition may involve its administration to an individual during the period
in which a scar is formed, e.g. after an operation in order to decrease scar formation. By slowing down the rate of the
healing process in such an individual, the final scar may be much less apparent. In addition, the anti-fibrotic effect of
the dorman compositions decreases the formation of cheloids which commonly appear after healing.

[0052] The dorman composition may also be useful for extending the duration of a tan in an individual. Following
exposure to the sun, epidermal cells comprise a high concentration of melanin. During skin renewal such melanin
comprising cells are shed. By slowing down the cell renewal process in the skin, the dorman composition causes the
melanin comprising cells and thus the tan to remain for a longer period of time.

[0053] In addition to inhibiting proliferation of various cells, said dorman compositions are also capable of slowing
seed germination and inhibiting growth of various plant seedlings. Following germination of seeds, roots and hypocotyls
begin to develop in the seedling. Incubation of the plant seedlings with the dorman composition results in the inhibition
of the elongation of the seedling roots and hypocotyls. The dorman compositions may therefore be used for weed
control, wherein their administration at an appropriate concentration may result in the inhibition of growth of non de-
sirable weeds while not affecting the growth of the desired plant. In view of the natural origin of the dormans, their
administration has no noticeable toxic effect on cells or tissue on which they are induced to act or on the environment.
In addition, at times it may be useful to use such compositions for long term storage of seeds and seedlings.

[0054] The present invention thus provides a dorman composition having the activity of slowing and inhibiting the
growth of plant seeds and/or seedlings comprising said dorman extract.

[0055] A further application of the dorman composition of the invention is in the preservation of fresh produce, e.g.
vegetables, fresh fish eggs, fish shells, etc.

[0056] The invention also provides a process for the preparation of an anti-proliferative composition comprising mix-
ing dormans or DC with a carrier so as to yield an anti-proliferative composition with an anti-proliferative effective
amount of dormans in said composition. Such a prepared composition may be used, depending on the nature of the
carrier, in therapy, cosmetics, food preservation or agriculture. Such a process for preparing a pharmaceutical or cos-
metic composition typically comprises preparing an DC, and mixing it with an appropriate pharmaceutical or cosmetic
acceptable carrier, the amount of DC being such so as to yield a final therapeutically or cosmetically (as the case may
be) effective amount of dormans in the composition. Also provided is use of dormans or an DC for the preparation of
such a pharmaceutical or cosmetic composition.

[0057] As will be appreciated, the various applications of the dorman composition of the invention given above, are
examples of a myriad of possible applications of these compositions, all having in common the inhibition of proliferation
of target cells.

[0058] In the following, the invention will be illustrated by some non-limiting examples with occasional reference to
the figures.

BRIEF DESCRIPTION OF THE FIGURES
[0059]

Fig. 1 is a histogram showing the number of keratinocytes in a cell culture well at different periods of time after
their incubation with various concentrations of the DC IBR-1 (obtained from a dormant plant (Fig. 1A) or the AE
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IBR-3 (obtained from an active plant) (Fig. 1B). As a control, the cells were incubated with growth medium alone
(0 ug/ml of the tested DC or AE). The number of cells in each well was determined by the microculture methylene
blue assay (described in Example 1) and the dyed culture plates were read at 620 nm.

Fig. 2 is a histogram showing the number of fibroblasts in a microculture at different periods of time after their
incubation with various concentrations of the following:

Fig. 2A - cells were incubated with the DC IBR-1 (dormant);
Fig. 2B - cells were incubated with the AE IBR-3 (active).

Fig. 3 is a histogram showing the number of keratinocytes in a microculture at different periods of time after their
incubation with various concentrations of the cell culture derived DC IBR-11. As control, the cells were incubated
with growth medium only (0 ug/ml DE IBR-11). The number of cells in each well was determined by the microculture
methylene blue assay (described in Example II) and the dyed culture plates were read as 620 nm.

Fig. 4 is a histogram showing the number of fibroblasts in a microculture at different periods of time after their
incubation with various concentrations of the cell culture derived DC IBR-11.

Fig. 5 is a graphic representation showing the number of cultured mouse bladder carcinoma cells (T24P) in a
microculture 72 hours after their incubation with various concentrations of a plant derived DC (IBR-1) (Fig. 5A) or
an animal derived DE (IBR-4) (Fig. 5B). The number of cells in each well was determined by the microculture
methylene blue assay (described in Example 2) and the dyed culture plates were read at 620 nm.

Fig. 6 is a graphic representation showing the number of mouse bladder carcinoma cells (T50) in a microculture
at different periods of time after their incubation with various concentrations of DE IBR-1. The dormin extracts were
added at day 1 and day 3 of the cell culture and the number of cells in each well were determined on day 5 of the
culture as described in Fig. 5 above. The number of cells in each tested well was determined by using the micro-
culture methylene blue assay as explainedin the description of Fig. 1 above and by reading of the dyed microculture
plate at 620 nm.

Fig. 7 is a histogram showing the DNA content analysis of keratinocyte incubated with DC IBR-1 for 2 and 6 days
(7A and B, respectively) AE IBR-3 (7C and D, respectively) and DC IBR-4 (7E and F, respectively). The analysis
was canied out with a FACS, FPAR-Plus (Becton-Dickinson, Inc.) using ethidium bromide. The percent of cells
being in the G1 phase, S phase and G,+M phase was determined in each cell culture. In addition, the percent of
apoptosis (A) in each culture was also determined.

Fig. 8 is a histogram showing the DNA content analysis of fibroblast incubated with DC IBR-1 for 2 and 5 days
(Fig. 8A and B), AE IBR-3 (Fig. 8C and D) and DC IBR-4 (Fig. 8E and F). The analysis was carried out as described
in Fig. 7 above.

Figs. 9A-9B is a graphic representation showing the UV spectra of bands obtained by separating by thin layer
chromatography (TLC) wherein: Fig. 9A shows UV spectrum of "band 4" separated by TLC and Fig. 9B shows
UV spectrum of "band 68" separated by TLC.

Fig. 10 is a graphic representation showing the comparative effect of different treatments on the duration of a tan
5 days and 17 days after administration of the cream on to the tanned area wherein:

A shows the effect of a cream containing 5% IBR-1 on the elongation of the duration of a tan 5 days after
administration of the creams.

B shows the same effect as A 17 days after administration of the creams.

C shows the effect on the duration of the tan (shortening) of a cream comprising alpha hydroxy acid (AHA) as
compared to the tan without cream 5 days after administration of the creams.

D shows the same effect as C 17 days after administration of the cream.

EXAMPLES
Example I: A: Effect of Narcissus bulb DC prepared from Narcissus field bulbs on growth of cucumber seedlings

(a) Inducing dormancy in Narcissus field bulbs

[0060] Narcissus field bulbs were obtained and subjected to hot water having a temperature of 45°C for 2-4 hours.
The bulbs were then either used immediately for the preparation of water soluble extracts or, alternatively, maintained
ina dry room at a temperature of 30°C for a maximal period of 8 months after which they were used for the preparation
of the plant extract.
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(b) Preparation of exiracts from Narcissus bulbs

[0061] Active or dormant Narcissus field bulbs (induced into dormancy as explained above) were disinfected in soap
water for a period of 1 hour. The bulbs were then cut and homogenized in distilled water (30 sec x 3) using a Homog-
enizer Ultra-Turbo-turax. The homogenized preparation of the bulbs was then filtrated through a first 0.45 m sterile
filter and then through a second 0.22 um filter and the preparation which was not maintained on the filters was then
collected. The concentration is defined as weight of original bulb (gr.) per final extract volume (ml).

(c) The effect of the Narcissus field bulb extracts on growth of cucumber seedlings

(i) Experimental assay:

[0062] Cucumber seeds cv. "Delila”, 1994-1995, 95% germination, 99.9% purity were germinated in tap water and
then incubated in the dark at 27°C for about 20 hours until root initiation (1-2 mm). Each experimental group comprised
Petri dishes which were filled each with 2 mls of DC (IBR-1) originated from dormant Narcissus field bulbs obtained
as explained above in various concentrations.

[0063] One layer of filter paper was placed in each of the petri dishes and 10 cucumber seeds, germinated as ex-
plained above, were placed on the paper. The petri dishes were incubated for 24 to 72 hours at 26°C to 28°C in the dark.
[0064] The effect of the tested bulb extracts in various concentrations were tested on two parameters of the cucumber
seeds:

1. Root elongation
2. Hypocotyl elongation.

[0065] These two parameters were tested every 24 hours after the incubation of the seeds with the tested extract
and every 24 hours after that.

(i) Results:
[0066] As seeninTable 3 below, DC IBR-1 showed sufficient inhibitive activity on the seedlings' growth, as measured

by the length of the roots and hypocotyls of seeds which were incubated with DC IBR-1 compared to the length of the
same organs incubated with sterile water. The inhibitive activity of DC IBR-1 was dose dependent.

Table 3
Growth of seeds with and without extract:
Extract source 24 hrs 48 hrs
Root (mm) | Hypocotyl (mm) | Root (mm) | Hypocotyl (mm)
Sterile Water 30 2 47 7
DC from Narcissus
0.2 gr./mi 4 0 4 1
0.1 gr./mi 5 0 5 2
0.05 gr./ml 6 0.5 10 2
0.01 gr./mi 16 1 26 4
0.005 gr./ml 22 2 35 7
0.001 gr./mi 25 2 41 7
Inhibition (%) of seed growth by extracts:
Extract source 24 hrs 48 hrs
Root Hypocoty! Root Hypocotyl
(% inhibition) (% inhibition)
Sterile Water 0 0 0 0
DC from Narcissus
0.2 gr./mil 87 100 91 86

13 RIMFROST EXHIBIT 1024 page 2050



70

175

20

25

30

35

40

45

50

55

EP 0973 532 B1

Table 3 (continued)

Inhibition (%) of seed growth by extracts:
Extract source 24 hrs 48 hrs
Root Hypocoty! Root Hypocotyl
(% inhibition) (% inhibition)

0.1 gr./ml 83 100 89 71
0.05 gr./ml 80 75 79 71
0.01 gr./mi 47 50 45 43
0.005 gr./ml 27 0 25 0
0.001 gr./ml 17 0 13 0

Example I: B: Reversibility of the effect of Narcissus DC on growth of cucumber seedings

(i) Experimental assay:

[0067] (a) The experiment was conducted in an identical manner to that described in I(A) above. The effect of the
DC on growth of roots and hypocotyls of cucumber seeds was measured 24 and 72 hours after incubation. 72 hours
after incubation, the seeds were washed with sterile distilled water and incubated with sterile distilled water for an
additional 72 hours at 27°C in the dark. The length of the roots and hypocotyls of the seeds was measured again 144
hours after the beginning of incubation (72 hours after washing away the DC).

(i) Results:

[0068] As seen in Table 4 below, after washing away the Narcissus derived DC which had an inhibitive effect on the
growth of roots and hypocotyls of cucumber seeds, the roots and hypocotyls began to grow again. Thus, the inhibitive
effect of DC was reversible and non toxic. The same effect was apparent at lower concentrations of the DC incubated
with the seeds as well (results not shown).

Table 4

Time 24 H 72 H 144 H (72 Hours after
Extract washing)

Root (mm) | Hyptocotyl (mm) | Root (mm) | Hyptoctyl (mm) | Root (mm) Hypocotyl (mm)
Sterile water 44.9 6.5 111.7 17.5 - -
DC 0.2 gr/ml 2.6 1.5 2.7 6.2 43.3 229

Example II: Effect of Narcissus bulb derived DC on proliferation of keratinocytes

(a) Preparation of keratinocyte cultures

[0069] Human keratinocyte cultures were prepared as described in Ben Bassat H., et al., Plastic and Reconstructive
Surgery, 89:511, (1992). Generally keratinocyte cultures were initiated from small biopsy specimens (about 1 cm?2) of
split-thickness skin. The biopsy specimens from healthy donors were obtained under local anesthesia with 1% lido-
caine. The biopsy was incubated in trypsin-EDTA at 4°C for 18-20 hours. Thereafter, the epidermis was separated and
the epithelium desegregated in trypsin-EDTA to form a single cell suspension. Trypsin 0.125%-EDTA 0.025% in Puck's
saline with x10 antibiotics, 1000 U/ml penicillin, 1000 ug/ml streptomycin, 0.0025 pg/ml amphotericin B and 0.4 mg/ml
gentamycin were used for these procedures. Trypsin solutions were prepared from trypsin 1:250 strength.

[0070] The cell suspensions prepared as described above, were inoculated at a concentration of 3-6x108 cells into
25 cm? Falcon flasks which were pre-prepared to contain 2x103 lethally irradiated 3T3 mouse fibroblasts as a feeder
layer.

[0071] The flasks were incubated at 37°C 10% CO, for about 8-10 days until the cultures were about 80% confluent.
At this stage, the cells in each flask were released by addition of trypsin 0.25% - EDTA 0.05% (1:1) without antibiotics
and the released cells after being washed were inoculated into 96-well microplate at a concentration of 3x104 cells per
well without feeder layers in keratinocyte medium (Kmed) according to Rheinwald and Green (Rheinwald T.G. and
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Green, H., Nature, 265:421-424 (1988)) to form a secondary culture.

(b) Effect of Narcissus bulb derived DC on the proliferation of keratinocytes

(i) Experimental assay:

[0072] Narcissus bulb extracts were obtained as described in Example I(b) above from active and dormant bulbs.
The secondary keratinocyte cell cultures seeded in microplates as described above, were further grown in Kmed for
a period of 3-4 days. The microplates were then divided into the following main groups:

(1) keratinocytes which were continuously grown in Kmed;

(2) keratinocytes grown in Kmed containing the AE IBR-8 prepared from active Narcissus bulbs in several con-
centrations (from 0.5 ug/ml - 10 ug/ml, each concentration forming a separate experimental group) and

(8) keratinocytes grown in Kmed medium comprising the DC IBR-1 obtained from dormant Narcissus bulbs at
various concentrations (0.5 pg/ml - 10 ug/ml each concentration forming a separate experimental group).

[0073] Each experimental group contained 5 wells. The growth medium containing DC IBR-1 or AE IBR-3 was
changed every 24 hours for a period of 5 days after which the medium was removed from all of the wells and fresh
Kmed medium without any plant extract was added and the cultures were grown in it for an additional 3 days.

[0074] The effect of the tested DC or AE on the proliferation of the keratinocytes was determined by the number of
cells detected in a tested treated well as compared to the number of cells detected in a well in which the cells grew in
Kmed medium without any DC or AE.

[0075] The number of cells in each well was determined by the microculture methylene blue assay as follows:
[0076] Extract treated cultures and controls were fixed in glutaraldehyde, 0.05% final concentration, for 10 mins. at
room temperature. After washing, the microplates were stained with methylene blue 1% in 0.1 M borate buffer pH 8.5
for 60 mins. at room temperature. Thereafter the plates were extensively and rigorously washed to remove excess dye
and dried. The dye taken up by cells is eluted in 0.1 N HCI for 60 mins, at 37°C, and read at 620 nm.

[0077] In preliminary titration experiments linear readings were obtained for 1x103 to 4x104 cells/well. Each point of
the growth curve experiments is an average of the reading of 5 wells, since keratinocytes grow in islands and do not
form uniform menolayers. The number of average cells in the wells was determined at 2 days, and 5 days after incu-
bation of the keratinocytes with the tested DC or AE as well as at 8 days after incubation (following 3 days growth
without the tested extract).

(i) Results:

[0078] Ascanbeseenin Fig. 1A, DC IBR-1 from Narcissus bulbs had a significant inhibitory effect on the proliferation
of keratinocytes. The inhibition was apparent from day 5 of the experiment and was dose dependent. Inhibition of the
keratinocyte proliferation was apparent at a concentration as low as 0.5 ug/ml but was moest significant at a concentration
of 10 ug/ml of the DC. The effect was dose dependent (starting at a concentration of 1 g/ml of the DC and most effective
at a concentration of 10 pg/ml of the DC).

[0079] Againstthis, as seen in Fig. 1B, AE IBR-3 showed no significant inhibitory effect on the proliferation of kerat-
inocytes.

Example lll. Effect of DC obtained from dormant and active Narcissus bulbs on the proliferation of fibroblast
in culture

(a) Preparation of fibroblast cell cultures:

[0080] Primary fibroblast cell cultures were initiated from small human skin specimens and prepared as described
in Example |l above regarding preparation of keratinocyte cultures except that the growth medium used was DMEM+
20% fetal calf serum.

(b) Preparation of DC and AE

[0081] DC IBR-1 and AE IBR-3 were prepared from dormant and active Narcissus bulbs as described above.
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(c) Effect of DC and AE on fibroblast proliferation:

(i) Experimental assay:

[0082] The above exiracts were added to the fibroblast cultures at various concentrations (1 g-10 g/ml) and the
number of fibroblasts in the cultures was determined 2 days, 5 days and 8 days after the addition of the extracts to the
cells as described in Example Il(a) above.

(ii) Results:

[0083] As seen in Fig. 2A, DC IBR-1 had the most significant inhibitory effect on the proliferation of fibroblast in
culture. The effect was apparent from day 5 of the experiment and although was dose dependent, the effect was seen
at doses as low as 0.5 ug/ml.

[0084] As can be seen in Fig. 2B, AE IBR-3 had no inhibitory effect on the proliferation of fibroblasts.

Example IV: Preparation of cosmetic and dermatological compositions comprising DC

[0085] The following are several specific examples of cosmetic and dermatological compositions which may be used
in accordance with the invention for administration to an individual.

A. Balm (topical route):

[0086]

¢ Ozokerite 10 gr.

* Isopropyl palmitate 9gr
*  White vaseline 14 gr.

*  Preserving agent 0.2 gr.
* Antioxidants 0.3gr.

* Perfume 1gr.

* DC prepared from bulb extract 0.00001 gr.
e Liquid paraffin gs 100 gr.

B. Balm (topical route):
[0087]

*  Ozokerite 19 gr.

¢ Liquid purcellin oil 10 gr.
*  White vaseline 15 gr.

* Preserving agent 0.2 gr.
*  Antioxidant 0.3 gr.

* DC prepared from bulb extract 0.00002 gr.
e Liquid paraffin gs 100 gr.

C. Emulsified gel of O/W lype (topical route):
[0088]

* Carbopol® 981 (marketed by Goodrich) 0.6 gr.

* Volatile silicone oil 34gr.

¢ Purcellin oil 7 gr.

* Preserving agent 0.3 gr.

*  Ethyl alcohol 15 gr.

e Perfume 0.4 gr.

*  Triethanolamine 0.2gr.

*  DC prepared from bulb extract 0.04 gr.
¢ Demineralized water gs 100 gr.

16 RIMFROST EXHIBIT 1024 page 2053



70

175

20

25

30

35

40

45

50

55

EP 0 973 532 B1
D. Aqueous-alcoholic gel (topical route):
[0089]

¢ Carbopol® 981 (marketed by Goodrich) 1gr.

*  Triethanolamine 1gr

*  95% Ethanol 60 gr.

*  Glycerol 3gr

*  Propylene glycol 24gr.

*  DC prepared from bulb extract 5qr.
*  Demineralized water gs 100 gr.

E. Anhydrous gel (topical route):

[0090]

*  Absolute ethanol 61,1992 gr.
* Hydroxyethyl cellulose 0.8 gr.
*  Propylene glycol 25 gr.

* Polyethylene glycol 12 gr.

¢  DC prepared from bulb extract 0.0008 g

F. Emulsion of O/W type (topical route):

[0091]

¢ Volatile silicone oil 10 gr.
* Liquid paraffin 6 gr.

* Liquid lanolin 3gr

* Arlacel® 165 (marketed by Atlas) 6 gr.
*  Tween® 60 (marketed by Atlas) 24gr.

*  Cetyl alcohol 1.2 gr.

e  Stearic acid 2.5 gr.

*  Triethanolamine 0.1 gr.
*  Preserving agent 0.3 gr.

¢ Antioxidants 0.3 gr.
¢ DC prepared from bulb extract 0.5 gr.
* Demineralized water gs 100 gr.

G. Emmulsion of O/W type (topical route):

[0092]

*  Propylene glycol 24gr.

* PEG 400 3gr

*  Preserving agent 0.3 gr.

e Carbopol® 981 (marketed by Goodrich) 0.2qr.
¢ |sopropyl myristate 1gr.

* Cetyl alcohol 34gr.

*  Stearic acid 3gr.

¢ Glycerol 34gr.

¢ Corn ail 24gr.

* Perfume 0.5gr.

* DC prepared from bulb extract 0.001 gr.
* Demineralized water gs 100 gr.
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H. Clear gel (topical route)

[0093]

*  Oxyethylenated nonylphenol 59r.

* Carbopol® 981 (marketed by Goodrich) 1gr.
*  Ethyl alcohol 30gr.

*  Triethanolamine 0.3 gr.

¢ Glycerine 3gr
¢ Perfume 0.3 gr.

*  Preserving agent 0.3 gr.
¢ DC prepared from bulb extract 1gr.
¢ Demineralized water gs 100 gr.

|. Cream containing liposomes (topical route):

[0094]

* Cetyl alcohal 4gr.

* B-sitosterol 4gr.

¢ Dicetyl phosphate 05q¢gr
*  Preserving agent 0.3 gr.
¢ Sunflower oil 35¢r.

¢ Perfume 0.6 gr.

¢ Carbopol® 981 (marketed by Goodrich) 0.2 gr.
*  Triethanolamine c.2gr.

¢  Sphingosine 0.05 gr.

* DC prepared from bulb extract 0.2 gr.

* Demineralized water gs 100 gr.

J. Per os composition:
[0095]

e Talc 5mg
¢ Aerosil 200 5mg

¢ Stearate de Zn 5mg
* DC prepared from bulb extract 3mg
¢ |actosegs 400 mg

K. Liquid for lontophoresis:

[0096]

* Benzoate de sodium 2mg

*  Preserving agent 0.15 gr.

e  DC prepared from bulb extract 1gr.

¢ Watergs 100 gr.

L. Emulsion W/ O:

[0097]

*  Protegin (marketed by Goldschmidt) 19 gr.
* Vaseline ail 8gr.

¢ Glycerine 3gr

*  DC prepared from bulb extract 1gr.
e Sulfate de Mg 054gr
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¢ Perfume 0.8 gr.
* Preserving agent 0.2 gr.
¢ Watergs 100 gr.

Example V. Extracts prepared from Narcissus Bulblets (cell cultures) on cucumber seedling growth:

(a) Preparation of Narcissus bulb cell cultures

[0098] Active Narcissus bulbs from the field having inflorescence stalk initials were used to prepare duplicate inner
scale explants. The explants were then inoculated into NR31 medium (NAA/10 uM BA: 5:0.5 uM) to initiate callus
cultures. Four to 5 weeks after the initiation of the callus cultures, the cultures were transplanted into NR8 medium
(6% sucrose) to form bulblets growth explants. For scaling up of the biomass, half bulblets were transplanted into
bulblet column bioreactors with liquid basal media N4 comprising:

Murashige & Skoog (Sigma M-5525) | 4.33 gr/L
Myoinositol 100 mg/L
Adenine sulfate 150 mg/L
NaH,PO,H,0O 345 mg/L
NAA 5 uM Agar Type A 7gr/L
BA S5uMpH=57
Pyridoxine 1 mg/L
Glycine 2 mg/L
Nicotinic acid 5 mg/L
Thiamine HCI 0.5 mg/L
Sucrose 30 gr/L

for a period of 4 weeks.

(b) Preparation of cell culture derived DC

[0099] The plant material prepared as described in (a) above was then shaken for 7-10 days on a gyratory shaker
at about 35°C (the column weight per medium was 0.1 gr/ml). Half of the cell cultures were induced into dormancy by
their incubation at a high temperature (of about 35°C). The DC prepared from such cultures was designated IBR-11.
The remaining cell cultures were maintained in their active state by growing them in regular conditions and the AE
prepared from them was designated IBR-10. AE 1BR-10 or DC IBR-11 were prepared from the medium free bicimass
which was washed with water, weighed and homogenized in an ultra-Turbo-turax. The homegenate was suspended
and diluted in steril distilled water.

[0100] (c) Cucumber seeds cv. "Delila®, 1994-1995, 95% germination, 99.9% purity were germinated in tap water at
27°C in the dark for about 20 hours until root initiation (1-2 mm).

(d) The experimental assay:

[0101] (i) The effect of the above DC and AE prepared from Narcissus bulblets on root elongation and hypocotyl
elongation of the cucumber seedlings was determined as follows. Each experimental group consisted of petri dishes
each containing 10 seeds was incubated with:

1. DC IBR-11 (dormant)
2. AE IBR-10 (active).

[0102] One ortwo layers of filter paper were placed in each of the petri dishes and 10 cucumber seeds, germinated
as explained above, were placed on the filters. The Petri dishes were incubated for 72 hours at 27°C to 30°C in the dark.
[0103] The effect of extracts was tested on two parameters of the cucumber seeds:

1. Root elongation
2. Hypocotyl elongation.
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[0104] These two parameters were tested after 72 hours of incubation of the seeds with the extract
(i) Results:

[0105] As seen in Table 5 below, 72 hours after incubation, DC IBR-11 had a significantly higher inhibition activity
on both the root length and hypocotyl length of the seedlings as compared to the effect of AE on the seedlings' growth.

Table 5
AE DC % inhibition of DC
(IBR-10) | (IBR-11) compared to AE
(AE)-DC) 100
(AE)
Root length (mm) 72 h 86 31 58%
Hypocotyl (mm) 72 h 81 49 40%

Example VI: Effect of Narcissus bulb cell culture derived DC on proliferation of keratinocytes

(a) Preparation of keratinocyte cultures

[0106] Human keratinocyte cultures were prepared as described in Example ll(a) above.

(b) Effect of Narcissus bulblet derived DC on the proliferation of keratinocytes

(i) Experimental assay:

[0107] Narcissus bulb derived cell cultures were obtained as described above and DC IBR-11 was prepared from
bulblets induced into dormancy (as is also described above).

[0108] The secondary keratinocyte cell cultures seeded in microplates as described above, were further grown in
Kmed for a period of 3-4 days. The microplates were then divided into the following main groups:

(1) keratinocytes which were continuously grown in Kmed; and
(2) keratinocytes grown in Kmed containing DC IBR-11 in several concentrations (from 0.5 ng/ml - 10 ug/ml, each
concentration forming a separate experimental group).

[0109] Each experimental group contained 5 wells. The growth medium containing DC was changed every 24 hours
for a period of 5 days after which the medium was removed from all of the wells and fresh Kmed medium without any
plant extract was added and the cultures were grown in it for an additional 3 days.

[0110] The effect of the tested DC on the proliferation of the keratinocytes was determined by the number of cells
detected in a tested treated well as compared to the number of cells detected in a well in which the cells grew in Kmed
medium without any DC.

[0111] The number of cells in each well was determined by the microculture methylene blue assay as follows:
[0112] Extract treated cultures and controls were fixed in glutaraldehyde, 0.05% final concentration, for 10 mins. at
room temperature. After washing, the microplates were stained with methylene blue 1% in 0.1 M borate buffer pH 8.5
for 80 mins. at room temperature. Thereafter the plates were extensively and rigorously washed to remove excess dye
and dried. The dye taken up by cells is eluted in 0.1 N HCI for 60 mins. at 37°C, and read at 620 nm.

[0113] In preliminary titration experiments linear readings were obtained for 1x103 to 4x104 cells/well. Each point of
the growth curve experiments is an average of the reading of 5 wells, since keratinocytes grow in islands and do not
form uniform menolayers. The number of average cells in the wells was determined at 2 days, and 5 days after incu-
bation of the keratinocytes with the tested DC as well as at 8 days after incubation (following 3 days growth without
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the tested extract).
(i) Results:

[0114] As canbe seenin Fig. 3, DC EBR-11 showed significant inhibitory activity on the proliferation of keratinocytes
in culture.

Example VII. Effect of DC obtained from dormant Narcissus bulblets on the proliferation of fibroblast in culture

(a) Preparation of fibroblast cell cultures:

[0115] Primary fibroblast cell cultures were initiated from small human skin specimens and prepared as described
in Example Il above regarding preparation of keratinocyte cultures except that the growth medium used was DMEM+
20% fetal calf serum.

(b) Preparation of cell cultured DC:

[0116] IBR-11 was prepared from dormant bulblets as described in Example V(b) above.

(c) Effect of DC on fibroblast proliferation:

(i) Experimental assay:

[0117] The above extracts were added to the fibroblast cultures at various concentrations (1 ng-10 ug/ml) and the
number of fibroblasts in the cultures was determined 2 days, 5 days and 8 days after the addition of the extracts to the
cells as described in Example V(a) above.

(i) Results:

[0118] As can be seen in Fig. 4, the cell culture derived DC IBR-11 showed inhibitery activity on the proliferation of
fibroblasts.

Example VIIl. Effect of fruit juice on cucumber seed growth

(a) Preparation of fruit juice

[0119] Grapefruit juice was produced from one fresh grapefruit and the produced juice was squeezed and filtrated
through cotton cloth and then centrifuged at 10,000 rpm for 10 mins. at room temperature. The supernatant was then
used for testing its effect on cucumber seed growth as described below:.

(b) The effect of grapefruit iuice on growth of cucumber seedlings:

(i) Experimental assay:

[0120] Cucumber seeds were prepared as described in Example 1 (c)(i) above. Each experimental group comprised
ten Petri dishes which were filled with 1.8 ml of the following:

(1) dH,O
(2) Fruit juice obtained as in (a) above.

[0121] One ortwo layers of filter paper were placed in each of the petri dishes and 10 cucumber seeds, germinated
as explained above, were placed on the filters. The petri dishes were incubated at 25°C and the parameters of the
cucumber seeds were measured at 24 hours and 72 hours after beginning of incubation.

[0122] The effect of the fruit juice was tested on two parameters of the cucumber seeds:

(1) Root elongation
(2) Hypocotyl elongation
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(ii) Results:

[0123] As seen in Table 6 below, this experiment indicates that the fruit juice comprises inhibitory activity on the
growth of cucumber seeds.

Table 6

Treatment 72 hours 72 hours % inhibition

Root mm | Hypocotyl mm | Root mm | Hypocotyl mm

dH,0 110 35 - -

Grapefruit Juice 3 0 97 100

Example I1X: Effect of dorman extract obtained from the crustacean Artemia salina on cucumber seed growth

(a) Preparation of extracts from Artemia salina:

[0124] The dorman extract designated IBR-4 was obtained by preparing an extract from Arfemia salina. The Artemia
"eggs” may be submitted to dehydration or high salt concentration resulting in opening of their shell which is then
followed by their grounding. Alternatively, the Arfmeia eggs may be dispensed in 10 ml of water resulting in softening
of the shell. Following grounding or softening of the shells, the eggs are then dissclved in one of any of solvents known
per se (e.g. water) to obtain an extrct from them. The extract may be lyophilized (as in this example) or alternatively,
used as obtained. An additional method of obtaining the Arfemia extract may be to dissolve the Artemia eggs in water
untilthe prenauplius larvae crawl out of the shells after which the larvae are grounded and an extract obtained therefrom.

(b) The effect of the DC extract from Artemia (IBR-4) on growth of cucumber seedlings:

(i) Experimental assay:

[0125] Cucumber seeds were prepared and seeded into petri dishes as explained in Example 1 above. Each exper-
imental group comprised a petri dish containing 10 cucumber seeds and the results shown below are an average of
the parameters measured for the 10 seeds. The petri dishes were grown at 28°C in the dark and the root length and
hypocotyl length of the cucumber seeds were measured 24 hours and 48 hours after beginning of incubation with 1.8
ml of one of the following:

(1) dH,0
(2) DC IBR4 at a concentration of 0.02 gr./ml.

(ii) Results:
[0126] As seenin Table 7 below, the Artemia dorman extract IBR-4 had a significant inhibitory effect on cucumber

seed growth which was apparent already after 24 hours of incubation of the seeds with the DC IBR4 but was most
significant 48 hours after incubation (66% inhibition on root growth and 40% inhibition on hypocotyl growth).
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Example X: Effect of a dorman extract from a dormant plant (Narcissus derived IBR-1) and a dorman extract
obtained from animals (Artemia derived IBR-4) on proliferation of mouse bladder carcinoma cells

(a) Preparation of the dorman extracts:

[0127] The Narcissus derived plantdorman extract IBR-1 and the Artemia derived animal dorman extract IBR-4 were
prepared as explained in the Examples above.

(b) The effect of DC IBR-1 and DC IBR-4 on proliferation of mouse bladder carcinoma cells:

(i) Experimental assay:

[0128] The two experiments were carried out as follows:

[0129] T24P cells (mouse bladder carcinoma cells) (Fig. 5) were plated at a concentration of 5x104 cells/well in a
microculture well and T50 cells (mouse bladder carcinoma cells) (Fig. 6) were plated at a concentration of 2x104 cells
per well in a microculture plate and the cells were grown in cell culture medium.

[0130] DC IBR-1 and DC IBR-4 were added to the T24P cell cultures and IBR-1 was added also to the T50 cells at
various concentrations (0 g/ml - 25 g/ml) 24 hours after plating of the cells and 48 hours after the beginning of incubation
of the cells with the dorman extracts. The number of cells per well were determined 48 hours after the beginning of
incubation of the cells with the extracts using the microculture methylene blue assay (described in Example 2 above)
and the dyed culture plates were read at 620 nm.

(i) Results:

[0131] As seenin Figs. 5 and 6, both the plant derived dorman extract as well as the animal derived dorman extract
had some inhibitory effect on the proliferation of mouse bladder carcinoma cells T24P (Fig. 56) and T50 (Fig. 6).

Example XI: Inhibition of cucumber seed growth by Grape and Kiwi juice

(a) Preparation of fruit juice

[0132] Grape and Kiwi juices were produced from fresh fruit by blending the fruit in the blender cup for 3 mins. at
high speed, filtrating the blend through a cheese cloth and centrifuging it at 6,500 rpm for 10 mins. at room temperature.
The supernatant was then used for the experiment at a concentration of 1.2 gr/ml of the grape juice and 1.26 gr/ml of
the kiwi juice. The concentration was determined by fruit original weight {gr.) for final volume (v). Several dilutions of
each juice were prepared and used for testing on cucumber seed growth.

[0133] Preparation of the cucumber seeds and the experimental assay were carried out as described in Example |
(c)(i) above. The length of the roots and hypocotyls were measured 24 and 48 hours after beginning of incubation of
the seeds with each of the tested juices or controls at 28°C. As seen in Table 8 below, both the kiwi juice and the grape
juice showed a very high percent of inhibition both on growth of cucumber roots as well as on hypocotyls. The most
prominent inhibition was seen 48 hours after beginning of incubation wherein both juices inhibited the growth of the
cucumber seeds.
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Table 8
24 h 48 h
Root % | Hypocotyl % | Root % | Hypocotyl %
Inhibition | . Inhibition |Inbibition| Inhibition

dH,0 0 0 0 0
Kiwi juice 100 mg/ml 50 100 72 100
Kiwi juice 50 mg/ml 33 67 55 63
Kiwi juice 25 mg/ml 0 67 42 38
Kiwi juice 5 mg/ml 0 -0 7 13
Grape juice 100 mg/ml 83 100 88 100
Grape juice 50 mg/ml . 40 100 67 63
Grape juice 25 mg/ml 17 67 42 63
Grape juice 5 mg/ml 10 17 - 20 - 25

Example XlI Cell cycle analysis of cells after incubation with DC

(i) Experimental assay:

[0134] Cell cultures of keratinocytes cbtained from healthy human adults and cell cultures of fibroblasts obtained
from healthy human skin preparations were incubated with Narcissus derived DC (IBR-1), Narcissus derived AE (IBR-
3) and Artemia derived DC (IBR-4) at various concentrations. The DNA content of the cells was analyzed by FACS
using ethidium iodide as the fluorescent dye which binds to the DNA (Parks D.R., and Herzenberg, L. A., In: Methods
in Cell Biology, Vol. 26, Academic Press, p. 283, 1982). The analysis was carried out on day 2 and 5 after beginning
of incubation of the cells with the various extracts and was carried out with FACS FPAR-Plus (Becton-Dickinson, Inc.)
[0135] In addition, the percent apoptosis in each cell culture incubated with the various DC extracts was also deter-
mined. In general, apoptosis begins with a strong mitochondrial activation followed by a cellular nuclear degradation.
FACS analysis of the above cell cultures enabled also to calculate the percent apoptosis in each cell culture.

(i) Results:

(a) Effect af DC on the cell cycle of keratinocytes:

[0136] As seenin Fig. 7A and B, and in Fig. 7E and F, both Narcissus derived DC and Artemia derived DC had an
effect on the DNA content cf the keratinocytes which showed a decrease in percent of cells being in the G1 phase and
an increase in cells being in the S and G,+M phases (the effect being evident already on day 2 of the incubation and
more apparent on day 5 of the incubation). Against this, as seen in Fig. 7C and D, the effect of the Narcussis derived
AE (IBR-3) was much less apparent being slightly evident only 5 days after incubation where a decrease in the percent
of cells in the G1 phase was seen with an increase in the percent of cells being in the S phase and a non significant
increase in the percent of cells being in the G,+M phase.

[0137] Inaddition, the keratinocytes incubated with the Narcissus and Artemia derived DCs IBR-1 and IBR-4, showed
an increase in the percent of apoptosis while no such increase was seen in keratinocytes incubated with Narcissus
derived AE IBR-3.

(b) Effect of DC on the cell cycle of fibroblasts

[0138] As seenin Fig. 8A and B and Fig. 8E and F, Narcissus derived DC (IBR-1) and Artemia derived DC (IBR-4)
increased the percent of cells being in the S and G,+M phases (seen mainly five days after beginning of incubation)
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as compared to the same cell cultures incubated with water. Against this, as seen in Fig. 8C and D, incubation of the
cells with Narcissus derived AE (IBR-3) had no effect. None of the tested extracts increased the percent of apoptosis
in the fibroblast cell cultures.

[0139] The effect of the various DCs on the keratinocyte and fibroblast cultures was time and dose dependent.

Example XliI: Effect of DC preparations obtained from bulbs of various plants on growth of germinated
cucumber seeds

[0140] (a) Extracts were prepared from bulbs of various plants as described in Example 1 above. The extracted bulbs
were in their dormant stage in which no growth tip could be visualized. The extract concentration is defined as original
weight of bulb (gr) per final extract volume (ml).

[0141] (b) The effect of extracts on growth of cucumber germinated seeds:

[0142] The experimental assay was carried out as explained in Example 1 above. The effect of the tested bulb
extracts on the growth of cucumber seeds was tested 24 hours and 48 hours after beginning of the incubation of the
extracts with the seeds.

[0143] The inhibitive effect of the tested extracts was calculated as described in the Examples above.

Results:

[0144] As seenin Table 8 below, most of the extracts showed good inhibitory effect on the growth of the germinated
cucumber seeds (up to about 60% inhibition in average). Several of the plants showed very good inhibition activity of
about 90% inhibition (e.g. Pancratium maritumum). Several of the extracts showed a low inhibitory effect which may,
in some cases, be due to the fact that the bulbs were not in full dormancy.

[0145] The effect of the extracts from Pancratium maritumum and Hyancinth carnegie were tested further for their
effect on the cucumber seed growth by adding various concentrations of the exiracts to the seeds. The results (not
shown) showed correlation between the concentration of the added exiract and the inhibition effect of the extract on
the growth germinated cucumber seeds.

Table 9
Inhibition (%) of seed growth by extracts:
Extract Source 24 hours 48 hours
Root | Hypocotyl Root | Hypocotyl

(% inhibition) (% inhibition)
Sparaxis 0.62 gr./ml 38 -33 49 39
Hyacinth carnegie 0.40 gr./ml 9 91 94 91
Freesia 0.42 gr./ml 62 18 77 7
Crocus 0.41 gr./ml 48 9 30 37
Ornithogalum arabicurn | 0.82 gr./ml 52 -18 54 -20
Montbartia 0.64/gr./ml 49 28 63 66
Scilla hyacinthus 1.25 gr./ml 61 0 68 6
Pancratium maritumum | 0.71 gr./ml 90 89 93 96

(-) indicates growth stimulation

Example XIV: Effect of extracts from Narcissus bulbs on growth of cucumber plants
[0146]

(a) Extracts from dormant Narcissus bulbs were prepared as explained in Example 1 above.

(b) Cucumber seeds were germinated and let grow for three days until they had rcots and the hypocotyl of about
4 cm. The plants were then planted in soil and let grow at 23°C in tap water. The plants were divided into the
following three groups, each comprising 18 plants:

1. Plants that were irrigated with tap water;
2. Plants that were irrigated with tap water and treated with the Narcissus bulb extract by spraying the extract
(5 mg/ml) on the leaves and the growth meristem; and
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3. Plants which were irrigated directly with the Narcissus bulb extract (0.2 gr./ml).

[0147] The plants were irrigated every day and following one week of treatment, the plants were taken out of the soil
and the effect of each treatment was tested by measuring the length of the roots and stems of each plant.

Results:
[0148] As seen in Table 10 below, application of the dormant Narcissus bulb extract on to cucumber plants both by
spraying the extract on the leaves and growth meristem (Group 2) as well as by irrigating the plants with the extract

(Group 3) resulted in inhibition of the cucumber plants' growth as compared to their growth with tap water.

Table 10

Effect of dormant Narcissus bulb extract on growth of cucumber plants

% inhibition
Irrigation with: Root | Stem
(1) Tap water 0 0

(2) Narcissus bulb extract applied on leaves and growth center | 21% 25%

(3) Narcissus bulb extract applied with irrigation 30% 21%

Example XV: Effect of Narcissus bulb extract on the growth of different types of seeds
[0149]

(a) The dormant Narcissus bulb extract was prepared as explained above.

(b) Several kinds of seeds (tomato, cabbage, melon, water melon, wheat, grass, cucumber, bean, barley, corn and
pea) were washed overnight with water and then let germinate for 24 hrs at 30°C in the dark on water soaked filter
paper. After 24 hrs, the germinated seeds (20 in each experiment set) were applied to a Petri dish with Watman
filter paper soaked with the dormant extract.

[0150] Each group of seeds was divided into the following groups:

1. Seeds grown in water (control); and
2. Seeds grown with the dormant Narcissus bulb extract.

[0151] Various types of seeds were grown with the water or extract (at several concentrations) as explained in Ex-
ample 1 above and following incubation, the length of the roots and hypocotyls of each seed was measured every 24
hours, depending on the rate of germination and growth. The inhibition effect of the extract tested and calculated as
explained above.

[0152] As seen in Table 11 below, the dormant Narcissus bulb extract effectively inhibited the growth of the above
seeds. The inhibition was to different extents.

Table 11
Effect of dormant Narcissus on growth of different types of
seeds
% Inhibition
Seed DC Concentration Roots Hypocotyl
Grass 0.02 100 72
Water melon 0.02 42 74
Cabbage 0.02 63 82
Cucumber 0.2 93 76
Cucumber 0.05 70 72
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Table 11 (continued)

Effect of dormant Narcissus on growth of different types of
seeds
% Inhibition
Seed DC Concentration Roots Hypocotyl
Cucumber 0.02 52 79
Barley 0.2 84 21
Barley 0.05 81 0
Corn 0.2 70 1
Peas 0.2 61 69
Peas 0.05 38 28
Beans 0.2 79 55
Beans 0.05 55 13
Beans 0.02 42 5

Example XVI: Isolation and identification of an active ingredient in the Narcissus bulb extract

[0153] Several grams of powder prepared from active and dormant Narcissus bulbs were extracted with acetone
methanol (90:10). The extracts separated using Thin Layer Chromatography (TLC) technigaes. The separation was
conducted on TLC plates (Silica gel 60 F254 or from Merck). Running conditions were water: n-butanol:acetic acid (5:
4:1). The detection method was UV light at 254 nm and 365 nm. The bands resulting from the separation were scraped
with the silica from the plate, washed with methanol and dried at 60°C. The bands appearing in the extracts from the
active Narcissus bulbs were compared to those in the extracts of the dormant Narcissus bulbs.

Results:

[0154] Comparison of the bands appearing in the two above exiracts showed that there was a difference in the
expression of two bands (termed "band 4 "and "band 6") which appeared at a higher concentration in exiracts of the
dormant bulbs.

[0155] The UV absorption spectrum of the two bands and their inhibitive activity on germinated cucumber seeds was
tested as explained above.

[0156] As seenin Figs. 9A-9B, the UV absorption peak of band 4 was at 288 nm (Fig. 9A) and that of band 6 was
at 252 nm (Fig. 9B). As seen in Table 12 below, bands 4 and 6 significantly inhibited the growth of germinated cucumber
seeds.

Table 12
Band separated by TLC 4 8
UV spectra (hm) in Methanol 288 | 252
Inhibition (%) (2 mg. dry purified compound/ml)
24 hrs
Hypocotyl 58 | 58
Root 87 89
48 hours
Hypocotyl 60 77
Root 90 94

Example XVII: Testing for toxicity of DC obtained from dormant Narcissus bulbs

[0157] The toxicity of DC of the invention was tested using the following methods::
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1. Acute Oral Toxicity (Fixed Dose) Test in Rats

[0158] The acute oral toxicological test was based on the protocol, code P/ACU/005, issued at January 1996 by
Inveresk Research International (IRI), Tranent, EH33 2NE, Scotland.

2. Ames Test

[0159] Salmonella typhimuriummammalian microsome plate incorporation assay was based on Ames B.N., McCann,
J., and Yamasaki E., Mutation Research, 31:347-364 (1975).

3. Cytoxicity

[0160] Cytoxicity of the extract (6%) of 0.2 gr/ml extract in cosmetic cream, determined by agarose diffusion method
was tested by EVIC-CEBA, Bordeaux, France.

4. Irritation potential

[0161] Irritation potential of the product in cream ((5%) of 0.2 gr/ml extract) was determined by means of the HET-CAM
test (Chorioallantoic membrane of hen's egg) by EVIC-CEBA, Bordeaux, France.

5. Cutaneous Tolerance

[0162] Cutaneous tolerance of the extract ((5%) of 0.2 gr/ml extract) in cosmetic cream, after repeated application
to the skin was assessed by EVIC-CEBA, Bordeaux, France.

Results:
[0163] The results of the toxicity testings using the above methods were as follows:

1. The Acute Oral Toxicity (fixed dose) test in rats oral LD 50> 2000 mg/kg body weight, has no acute harmful
effects on both young female and male rats.

2. Ames test up to the top-limit dose of 5000 ng/plate, exhibiting no precipitate and no toxicity, did not induce any
mutagenic effects on the Ames test.

3. Irritation potential in cream ((5%) of 0.2 gr/ml extract). The product was found as a normally irritant for this
kind of product.

4. Cytotoxicity determination by agarose diffusion method of the product in cream ((6%) of 0.2 gr/ml extract)
seems to be low and considered to be low and considered normal for this kind of product.

5. Cutaneous tolerance - The clinical assessment of cutaneous tolerance of the exiract in cosmetic cream was
tested. The product was found very well tolerated by the skin.

Example XVIIl The effect of DC on elongation of a tan

(a) The assay:

[0164] A cream containing 5% dihydroxyacetone (DHA) was administered on to the forearms of an individual. DHA
is a compound capable of coloring the upper layers of the skin which is used in self tanning products. The cream was
administered three times until a tan appeared on the forearms.

[0165] The tanned area was then divided into the following three parts, each being treated by administration of a
different cream twice a day during 17 days:

1. Treatment with a cream comprising 5% of the DC IBR-1;
2. A cream identical to the one used in (1) above but which does not contain IBR-1;
3. A cream comprising alpha hydroxy acid (AHA) (commercially used for skin treatment); and

[0166] The amount of color on each skin area was measured using a spectro-colorimeter.
[0167] The % effect on elongation of the tan was calculated as:
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color of tan of treatment a color of tan after treatment b
color of tan with no treatment color of tan with no treatment x 100

Results:

[0168] The results of the above experiment can be seen in Fig. 10, which shows the relation between the effect on
the duration of the tan of the cream used in 1 above containing the IBR-1 DC as compared to the effect of the cream
which contained no IBR-1 (Figs 10A and B) and the relative effect of the cream used in (3) above (comprising AHA)
as comparedto no cream at all AHA (Figs. 10C and D). As can be seen in Fig. 10A, 5 days after administration of the
creams, the effect of the cream containing IBR-1 on elongation of the tan duration was significantly higher than the
effect of the cream which did not contain IBR-1. The effect was even more significant 17 days after administration of
the cream as can be seen in Fig. 10B.

[0169] Figs. 10C and D clearly show that the cream used commercially which does not contain IBR-1 had a negative
effect on the duration of the tan, i.e. their administration resulted in sherter duration of the tan as compared to no
treatment at all. As can also be seen, the cream comprising the AHA shertened the duration of the tan (compared to
the duration of the tan with no treatment) 5 days after its administration (Fig. 10C) and 17 days after its administration
(Fig. 10D).

[0170] The above results show that a cream comprising DC of the invention, most probably due to its inhibition of
proliferation of the skin cells, elongates the duration of atan. Against this, a cream comprising AHA which is commonly
used for skin treatment, most probably due to its stimulation of cell division, shortens the duration of the tan.

Claims

1. A process for producing a water-soluble extract which inhibits proliferation of target cells or target tissue, said
process comprising:

(i) providing producer cells or producer tissue derived from an organism which is xenogeneic to said target
cells and which is capable of entering into a dormant state;

(i) providing conditions which induce said cells ortissue to enter into a dormant state or, if already in a dormant
state, to maintain said dormant state;

(iii) recovering a water-soluble extract from said cells or tissue or from the medium in which said cells or tissue
are incubated; wherein said water-soluble extract displays a cell anti-proliferative activity.

2. The process according to Claim 1, wherein said water-soluble extract inhibits the growth of seedlings.
3. The process according to Claim 2, wherein said water-soluble extract inhibits the growth of cucumber seedlings.

4. The process according to any one of Claims 1-3, wherein said producer cell or producer tissue is derived from a
plant organism.

5. The process according to Claim 4, wherein said producer cells or tissue are obtained from narcissus bulbs.
6. The process according to Claim 4, wherein said water-soluble extract is obtained from fruit.
7. The process according to Claim 4, wherein said producer tissue is a seed.

8. The process according to any one of claims 1-3, wherein said producer cell or producer tissue is derived from an
animal.

9. The process according to Claim 8, wherein said animal is Artemia.
10. Use of an effective amount of a water-soluble extract obtained from producer cells or producer tissue or from the

medium in which said cells or tissue are incubated, for the preparation of a medicament having an anti-proliferative
effect on target cells or tissue of an individual wherein
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(i) said producer cells or producer tissue originate from an organism which is xenogeneic to said individual;

(ii) said producer cells or producer tissue criginate from an organism which can enter into a state of dormancy;
and,

(iii) said water-soluble extract is obtained from producer cell or tissue while in a dormant state.
Use according to Claim 10, wherein said xenogeneic organism is a plant.
Use according to Claim 11, wherein said producer cells or tissue are obtained from Narcissus bulbs.
Use according to Claim 11, wherein said producer tissue is a fruit.
Use according to Claim 11, wherein said tissue is a seed.
Use according to Claim 10, where said xenogeneic organism is an animal.
Use according to Claim 15, wherein said animal is Artemia.

Use according to any one of Claims 10-16, wherein said composition is to be administered to an individual having
a benign or malignant tumor or being at a high risk of developing a benign or malignant tumor.

Use according to any one of Claims 10-16, wherein said composition is intended for use in inhibition of alopecia,
inhibition of hirsutism, for reduction of rate of nail growth, in combination with hair treatments for inhibition of scar

formation or for the treatment of skin disorders.

Use accordingto any of Claims 10-16 and 18, wherein the composition is to be applied tipically onto the individual's
skin.

Use of an effective amount of a water-soluble extract obtained from producer cells or producer tissue or from the
medium in which said cells or tissue are incubated, in a cosmetic composition having an anti-proliferative effect
on target cells or tissue of an individual, wherein

(i) said producer cells or producer tissue originate from an organism which is xenogeneic to said individual;

(ii) said producer cells or producer tissue originate from an organism which can enter into a state of dormancy;
and,

(iii) said water-soluble extract is obtained from producer cell or tissue while in a dormant state.
Use according to Claim 20, wherein said xenogeneic organism is a plant.
Use according to Claim 21, wherein said producer cells or tissue are obtained from Narcissus bulbs.
Use according to Claim 21, wherein said producer tissue is a fruit.
Use according to Claim 21, wherein said tissue is a seed.
Use according to Claim 20, where said xenogeneic organism is an animal.
Use according to Claim 25, wherein said animal is Artemia.

Use according to any of Claims 20-26, wherein the composition is intended for topical application onto the individ-
ual's skin.

Use according to Claim 27, wherein said composition is intended for maintaining a juvenile appearance of an
individual's skin or for the treatment of age-related phenomena of the skin.
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29. Use according to any cne of Claims 20-26, for prolonging a sun tan,

30. A method for inhibiting growth of plant seedlings, comprising applying onto the seedlings or their growth media an
effective amount of a cell-proliferation inhibiting water-soluble extract which is obtained from producer cells or
producer tissue or from the medium in which said cells or tissue were incubated, characterized in that:

(i) said producer cells or producer tissue originate from an organism which is xencgeneic to said seedlings;
(ii) said xenogeneic organism is capable of entering into a state of donnancy; and.
(iii) said water-soluble extract is obtained from producer cell or tissue while in a dormant state.

31. A method for reducing rate of seed germination, comprising applying onto the seeds an effective amount of a cell-
proliferation inhibiting water-soluble extract obtained from producer cells or producer tissue or from a medium in
which said cells or tissue were incubated, characterized in that:

(i) said producer cells or producer tissue originate from an organism which is xenogeneic to said seeds;
(ii) said xenogeneic organism is capable of entering into a state of dormancy; and,
(iii) said water-soluble extract is obtained from producer cell or tissue while in a dormant state.

32. A method of preservation of fresh products, comprising applying onto - the fresh products, an effective amount of
a-cell-proliferation inhibiting water-soluble extract obtained from producer cells or producertissue or from a medium
in which said cells or tissue were incubated, charaderized in that:

(i) said producer cells or producer tissue originate from an organism which is xencgeneic to said products;
(ii) said xenogeneic organism is capable of entering into a state of dormancy; and,
(iii) said water soluble extract is obtained from producer cell or tissue while in a dormant state.

Patentanspriiche

1. Verfahren zur Herstellung eines wasserldslichen Extrakis, der die Proliferation von Zielzellen oder Zielgewebe
inhibiert, wobei das Verfahren umfasst:

(i) Bereitstellen von Erzeugerzellen oder Erzeugergewebe gewonnen aus einem Organismus, der flr die Ziel-
zellen xenogen ist und der in der Lage ist, in einen Ruhezustand einzutreten;

(ii) Bereitstellen von Bedingungen, in die Zellen oder das Gewebe induzieren, in einen Ruhezustand einzu-
treten oder, wenn sie schon in einem Ruhezustand sind, diesen Ruhezustand.beizubehalten;

(iiiy Gewinnung eines wasserléslichen Extrakis aus den Zellen oder dem Gewebe oder aus dem Medium, in
dem die Zellen oder das Gewebe inkubiert wurden; worin der wasserlosliche Extrakt eine antiproliferative
Aktivitat fur Zellen aufweist.

2. Verfahren nach Anspruch 1, worin der wasserldsliche Extrakt das Wachstum von Keimlingen inhibiert.

3. Verfahren nach Anspruch 2, worin der wasserldsliche Extrakt das Wachstum von Gurkenkeimlingen inhibiert.

4. Verfahren nach einem der Anspriiche 1-3, worin die Erzeugerzellen oder das Erzeugergewebe von einem Pflan-
zenorganismus gewonnen wird.

5. Verfahren nach Anspruch 4, woarin die Erzeugerzellen oder das Erzeugergewebe von Narzissenzwiebeln erhalten
werden.

6. Verfahren nach Anspruch 4, worin der wasserlésliche Extrakt aus Frichten erhalten wird.
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Verfahren nach Anspruch 4, worin das Erzeugergewebe ein Keim ist.

Verfahren nach einem der Anspruche 1-3, worin die Erzeugerzellen oder das Erzeugergewebe von einem Tier
gewonnen wird.

Verfahren nach Anspruch 8, worin das Tier Artemia sind.

Verwendung einer wirksamen Menge eines wasserloslichen Extrakts erhalten aus Erzeugerzellen oder Erzeuger-
gewebe oder aus dem Medium, in dem die Zellen oder das Gewebe inkubiert wurden, fir die Herstellung eines
Medikaments mit einer antiproliferativen Wirkung auf Zielzellen oder Gewebe eines zu Behandelnden, worin

(i) die Erzeugerzellen oder das Erzeugergewebe aus einem Organismus stammen, der flir den zu Behandeln-
den xenogen ist;

(ii) die Erzeugerzellen oder das Erzeugergewebe aus einem Organismus stammen, der in einen Ruhezustand
eintreten kann; und

(iii) der wasserldsliche Extrakt von Erzeugerzellen oder Erzeugergewebe erhalten ist, wihrend sie/es in einem
Ruhezustand sind/ist.

Verwendung nach Anspruch 10, worin der xenogene Organismus eine Pflanze ist.

Verwendung nach Anspruch 11, worin die Erzeugerzellen oder das -gewebe von Narzissenzwiebeln erhalten sind.
Verwendung nach Anspruch 11, worin das Erzeugergewebe eine Frucht ist.

Verwendung nach Anspruch 11, worin das Gewebe ein Keim ist.

Verwendung nach Anspruch 10, worin der xenogene Organismus ein Tier ist.

Verwendung nach Anspruch 15, worin das Tier Artemia sind.

Verwendung nach einem der Anspriiche 10-16, worin die Zusammensetzung einem zu Behandelnden verabreicht
werden soll, der einen benignen oder malignen Tumor aufweist oder ein hohes Risiko hat, einen benignen oder
malignen Tumor zu entwickeln.

Verwendung nach einem der Anspriiche 10-16, worin die Zusammensetzung zur Verwendung bei der Inhibierung
von Alopezie, Inhibierung von Hirsutismus, zur Reduzierung der Nagelwachstumsrate in Kombination mit Haar-

behandlungen zur Inhibierung von Narbenbildung oder zur Behandlung von Hautstérungen vorgesehen ist.

Verwendung nach einem der Anspriiche 10-16 oder 18, worin die Zusammensetzung topisch auf die Haut des zu
Behandelnden aufgetragen werden soll.

Verwendung einer wirksamen Menge eines wasserloslichen Extrakts erhalten aus Erzeugerzellen oder Erzeuger-
gewebe oder aus dem Medium, in dem die Zellen oder das Gewebe inkubiert wurden, in einer kosmetischen
Zusammensetzung mit einer antiproliferativen Wirkung auf Zielzellen oder Gewebe eines zu Behandelnden,

(i) die Erzeugerzellen oder das Erzeugergewebe aus einem Organismus stammen, der flir den zu Behandeln-
den xenogen ist;

(ii) die Erzeugerzellen oder das Erzeugergewebe aus einem Organismus stammen, der in einen Ruhezustand
eintreten kann; und

(iii) der wasserlésliche Extrakt von Erzeugerzellen oder Erzeugergewebe erhalten ist, wihrend sie/es in einem
Ruhezustand sind/ist.

Verwendung nach Anspruch 20, worin der xenogene Organismus eine Pflanze ist.
Verwendung nach Anspruch 21, worin die Erzeugerzellen oder das -gewebe von Narzissenzwiebeln erhalten sind.

Verwendung nach Anspruch 21, worin das Erzeugergewebe eine Frucht ist.
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Verwendung nach Anspruch 21, worin das Gewebe ein Keim ist.
Verwendung nach Anspruch 20, worin der xenogene Organismus ein Tier ist.
Verwendung nach Anspruch 25, worin das Tier Artemia sind.

Verwendung nach einem der Anspruche 20-26, worin die Zusammensetzung fur topische Anwendung auf die Haut
eines zu Behandelnden vorgesehen ist.

Verwendung nach Anspruch 27, worin die Zusammensetzung zur Erhaltung eines jugendlichen Aussehens der
Haut eines zu Behandelnden oder fiir die Behandlung von altersbedingten Phanomenen der Haut vorgesehen ist.

Verwendung nach einem der Anspriche 20-26 zur Verlangerung der Sonnenbrdune.

Verfahren zur Inhibierung des Wachstums von Pflanzenkeimlingen, umfassend Aufbringen auf die Keimlinge cder
ihr Wachstumsmedium einer wirksamen Menge eines wasserldslichen Extrakts, der Zellproliferation inhibiert, der
aus Erzeugerzellen oder Erzeugergewebe oder aus dem Medium, in dem die Zellen oder das Gewebe inkubiert
wurden, erhalten ist, dadurch gekennzeichnet, dass:

(i) die Erzeugerzellen oder das Erzeugergewebe von einem Organismus stammen, der fur die Keimlinge xe-
nogen ist;

(ii) der xenogene Organismus in der Lage ist, in einen Ruhezustand einzutreten; und

(i) der wasserldsliche Extrakt von Erzeugerzellen oder -gewebe erhalten ist, wahrend sie/es in einem Ruhe-
zustand sind/ist.

Verfahren zur Reduzierung der Keimungsrate, umfassend Aufbringen auf die Keime einer wirksamen Menge eines
wasserldslichen Extrakts, der Zellproliferation inhibiert, der aus Erzeugerzellen oder Erzeugergewebe oder aus
einem Medium, in dem die Zellen oder das Gewebe inkubiert wurden, erhalten ist, dadurch gekennzeichnet,
dass:

(i) die Erzeugerzellen oder das Erzeugergewebe von einem Organismus stammen, der fir die Keime xenogen
ist; -

(ii) der xenogene Organismus in der Lage ist, in einen Ruhezustand einzutreten; und

(i) der wasserldsliche Extrakt von Erzeugerzellen oder -gewebe erhalten ist, wahrend sie/es in einem Ruhe-
zustand sind/ist.

Verfahren zur Konservierung von Frischprodukten, umfassend Aufbringen auf die Frischprodukte einer wirksamen
Menge eines wasserléslichen Extrakts, der Zellproliferation inhibiert, der aus Erzeugerzellen oder Erzeugergewe-
be oder aus einem Medium, in dem die Zellen eder das Gewebe inkubiert wurden, erhalten ist, dadurch gekenn-
zeichnet, dass:

(i) die Erzeugerzellen oder das Erzeugergewebe von einem Organismus stammen, der fir die Produkte xe-
nogen ist;

(ii) der xenogene Organismus in der Lage ist, in einen Ruhezustand einzutreten; und

(iii) der wasserldsliche Extrakt von Erzeugerzellen oder -gewebe erhalten ist, wahrend sie/es in einem Ruhe-
zustand sind/ist.

Revendications

1.

Procédé de production d'un extrait hydrosoluble qui inhibe la prolifération de cellules cibles ou d'un tissu cible,
ledit procédé consistant a:

(i) fournir des cellules productrices ou un tissu producteur issus d'un erganisme qui est xénogénique desdites
cellules cibles et qui est capable d'entrer dans un état dormant ;
(ii) fournir des conditions qui aménent lesdites cellules ou ledit tissu a entrer dans un état dormant ou, s'ils
sont déja dans un état dormant, & maintenir ledit état dormant ;
(i) récupérer un extrait hydrosoluble a partir desdites cellules ou dudit tissu ou a partir du milieu dans lequel
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lesdites cellules ou ledit tissu sont incubés ;
dans lequel ledit extrait hydrosoluble présente une activité anti-proliférative envers des cellules.
Procédé selon la revendication 1, dans lequel ledit extrait hydrosoluble inhibe la croissance de semis.

Procédé selon la revendication 2, dans lequel ledit extrait hydrosoluble inhibe la croissance de semis de concom-
bre.

Procédé selon I'une quelconque des revendications 1 a 3, dans lequel lesdites cellules productrices ou ledit tissu
producteur sont issus d'un organisme végétal.

Procédé selon la revendication 4, dans lequel lesdites cellules productrices ou ledit tissu producteur sont obtenus
a partir de bulbes de narcisse.

Procédé selon la revendication 4, dans lequel ledit extrait hydrosoluble est obtenu a partir d'un fruit.
Procédé selon la revendication 4, dans lequel ledit tissu producteur est une graine.

Procédé selon I'une quelconque des revendications 1 a 3, dans lequel lesdites cellules productrices ou ledit tissu
producteur sont issus d'un animal.

Procédé selon la revendication 8, dans lequel ledit animal est Artemia.

Utilisation d'une quantité efficace d'un extrait hydrosoluble cbtenu a partir de cellules productrices ou d'un tissu
producteur ou a partir du milieu dans lequel lesdites cellules ou ledit tissu sont incubés, pour la préparation d'un
médicament possédant un effet anti-prolifératif sur des cellules ou un tissu cibles d'un individu, dans laquelle :

(i) lesdites cellules productrices ou ledit tissu producteur proviennent d'un organisme qui est xénogénique
dudit individu ;

(ii) lesdites cellules productrices ou ledit tissu producteur proviennent d'un organisme qui peut entrer dans un
état de dormance ; et

(iii) ledit extrait hydrosoluble est obtenu a partir de cellules productrices ou d'un tissu producteur dans un état
dormant.

Utilisation selon la revendication 10, dans laquelle ledit organisme xénogénique est une plante.

Utilisation selon la revendication 11, dans laquelle lesdites cellules productrices ou ledit tissu producteur sont
obtenus a partir de bulbes de narcisse.

Utilisation selon la revendication 11, dans laquelle ledit tissu producteur est un fruit.

Utilisation selon la revendication 11, dans laquelle ledit tissu est une graine.

Utilisation selon la revendication 10, dans laquelle ledit organisme xénogénique est un animal.

Utilisation selon la revendication 15, dans laquelle ledit animal est Artemia.

Utilisation selon l'une quelconque des revendications 10 & 16, dans laquelle ladite compesition doit étre administrée
a un individu portant une tumeur bénigne ou maligne ou fortement menacé de développer une tumeur bénigne
ou maligne.

Utilisation selon I'une quelconque des revendications 10 a 16, dans laquelle ladite composition est destinée a étre
utilisée pour l'inhibition de I'alopécie, l'inhibition de I'hirsutisme, pour la réduction de la vitesse de pousse des
ongles, en combinaison avec des traitements capillaires pour l'inhibition de la formation de cicatrices ou pour le

traitement de troubles cutanés.

Utilisation selon l'une quelconque des revendications 10 a 16 et 18, dans laquelle la composition doit &tre appliquée
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topiquement sur la peau de l'individu.

Utilisation d'une quantité efficace d'un extrait hydrosoluble obtenu a partir de cellules productrices ou d'un tissu
producteur ou a partir du milieu dans lequel lesdites cellules ou ledit tissu sont incubés, dans une composition
cosmétique possédant un effet anti-prolifératif sur des cellules ou un tissu cibles d'un individu, dans laquelle :

(i) lesdites cellules productrices ou ledit tissu producteur proviennent d'un organisme qui est xénogénique
dudit individu ;

(i) lesdites cellules productrices ou ledit tissu producteur proviennent d'un organisme qui peut entrer dans un
état de dormance ; et

(iii) ledit extrait hydrosoluble est obtenu a partir de cellules productrices ou d'un tissu producteur dans un état
dormant.

Utilisation selon la revendication 20, dans laquelle ledit organisme xénogénique est une plante.

Utilisation selon la revendication 21, dans laquelle lesdites cellules productrices ou ledit tissu producteur sont
obtenus a partir de bulbes de narcisse.

Utilisation selon la revendication 21, dans laquelle ledit tissu producteur est un fruit.

Utilisation selon la revendication 21, dans laquelle ledit tissu est une graine.

Utilisation selon la revendication 20, dans laquelle ledit organisme xénogénique est un animal.
Utilisation selon la revendication 25, dans laquelle ledit animal est Artemia.

Utilisation selon I'une quelconque des revendications 20 a 26, dans laquelle la composition est destinée a une
application topique sur la peau de l'individu.

Utilisation selon la revendication 27, dans laquelle ladite composition est destinée a conserver un aspect juvénile
a la peau d'un individu ou au traitement de phénomeénes cutanés liés a l'age.

Utilisation selon l'une quelconque des revendications 20 a 26, pour prolonger un bronzage.

Procédé d'inhibition de la croissance de semis, consistant & appliquer sur les semis ou leurs milieux de croissance
une quantité efficace d'un extrait hydrosoluble inhibant la prolifération cellulaire qui est obtenu a partir de cellules
productrices ou d'un tissu producteur ou a partir du milieu dans lequel lesdites cellules ou ledit tissu sont incubés,
caractérisé en ce que :

(i) lesdites cellules productrices ou ledit tissu producteur proviennent d'un organisme qui est xénogénique
desdits semis ;

(ii) ledit organisme xénogénique est capable d'entrer dans un état de dormance ; et

(iii) ledit extrait hydrosoluble est obtenu a partir de cellules productrices ou d'un tissu producteur dans un état
dormant.

Procédé de réduction de la vitesse de germination de graines, consistant a appliquer sur les graines une quantité
efficace d'un extrait hydrosoluble inhibant |a prolifération cellulaire obtenu a partir de cellules productrices ou d'un
tissu producteur ou a partir du milieu dans lequel lesdites cellules ou ledit tissu sont incubés, caractérisé en ce
que:

(i) lesdites cellules productrices ou ledit tissu producteur proviennent d'un organisme qui est xénogénique
desdites graines ;

(ii) ledit organisme xénogénique est capable d'entrer dans un état de dormance ; et

(iii) ledit extrait hydrosoluble est obtenu a partir de cellules productrices ou d'un tissu producteur dans un état
dormant.

Procédé de conservation de produits frais, consistant & appliquer sur les produits frais une quantité efficace d'un
extrait hydrosoluble inhibant la prolifération cellulaire obtenu a partir de cellules productrices ou d'un tissu produc-
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teur ou a partir du milieu dans lequel lesdites cellules ou ledit tissu sont incubés, caractérisé en ce que :

(i) lesdites cellules productrices ou ledit tissu producteur proviennent d'un organisme qui est xénogénique

desdits produits ;

(ii) ledit organisme xénogénique est capable d'entrer dans un état de dormance ; et
(iii) ledit extrait hydrosoluble est obtenu a partir de cellules productrices ou d'un tissu producteur dans un état

dormant.
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Description

FIELD OF THE INVENTION

[0001] Thisinvention relates to the extraction of lipid fractions from marine and aquatic animals such as krill, Calanus,
fish and sea mammals. More specifically, this invention relates to an improved method of extracting lipid fractions by
dehydration with solvents and recovering a solid residue rich in active enzymes.

BACKGROUND OF THE INVENTION

[0002] Lipid fractions obtained from marine and aquatic animals such as krill, Calanus, fish and sea mammals have
various applications:

Medical applications

[0003] Marine and aquatic animal oils and fractions thereof contain various therapeutic agents. For example, it is
reported that various marine and aquatic animal oils have anti-inflammatory properties. Marine and aquatic animal oils
are also reported as helpful in reducing the incidence of cardiovascular disease. Also, some marine and aquatic animal
oils are reported as suppressing the development of certain forms of lupus and renal diseases. As a further example,
krill may be used as a source of enzymes for debridement of ulcers and wounds or to facilitate food digestion. Also
marine and aquatic oils contain various antioxidants, which may have potential therapeutic properties.

Nutraceuticals

[0004] Considering the beneficial effects of omega-3 fatty acids, oils from krill, Calanus and fish could be used as
dietary supplements to human diet. These fatty acids are essential for proper development of the brain and the eye.
Marine and aquatic animal oils are also rich in liposoluble vitamins A, D and E and carotenoids.

Cosmetics
[0005] Various marine and aquatic animal oils are used for the production of moisturizing creams.
Fish farming

[0006] Among the lipids found in krill, Calanus and fish, high concentrations of fatty acids 20:5 (eicosapentaenoic
acid) and 22:6 (docosahexaenoic acid) are present. These fatty acids are essential nutrients and are beneficial as fish
feed. Furthermore, these essential nutrients are carried over in human diet by eating the fish grown on such diets.

Animal feed

[0007] Animal feed diets rich in omega-3 fatty acids may increase the level of unsaturated fatty acids and decrease
cholesterol levels of meat. This property is already exploited in the poultry industry to improve the quality of eggs.
[0008] Various methods for extracting marine and aquatic animal oils are known. For example, it is known to extract
fish oil using organic solvents such as hexane and ethanol. It is also known to measure the fat content in fish muscle
tissue using solvents such as acetone.

[0009] USP 4,331,695 describes a method using pressurized solvents which are gaseous at room temperature, such
as propane, butane or hexane. The extractionis performed at preferred temperatures of 15 to 80°C on shredded vegetable
or finely divided animal products. The extracted oils are then made to precipitate under high pressure and elevated
temperatures of 50 to 200°C. However, hexane is a poor extraction solvent for marine animals such as krill. Furthermore,
the high temperatures used in the precipitation step negatively alters the lipids.

[0010] Canadian Patent Application 2,115,571 describes a method for extracting oils from various brown and read
algae species. The method provides for example Soxhlet extraction using nearly pure ethanol for 40 hours.

[0011] USP 5,006,281 describes a method for extracting oil from marine and aquatic animals such as fish. The marine
and aquatic animal is first treated with an antioxidant compound, finely divided and centrifuged to separate the oil phase
from the aqueous phase and solid phase. The oil phase is then further treated with antioxidant to remove undesirable
odour or taste.

[0012] Canadian Patent 1,098,900 describes a method for extracting oils from krill. The method involves emulsifying
fresh or defrosted krill in an aqueous medium. The oil fraction is recovered by centrifugation.
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[0013] Folch in the article published in the year 1957 in J. biol. Chem. 226: 497-509 "A simple method for the isolation
and purification of total lipids from animal tissues "proposes an extraction method using chloroform and methanol. This
method is not commercially feasible because of the toxicity of the solvents involved.

[0014] Chem Abs. 177859 describes a procedure for extraction of the dye astaxanthine, which is used as a source of
colour in salmon fish farming, from shrimp waste or krill, comprising mixing the raw material with triglyeride oil and
pressing the raw material to extract the astaxanthine-enriched oil.

[0015] However, prior art processes are generally commercially unfeasible, or provide low quantitative yields.
[0016] The present invention provides a method for extracting total lipid fractions from marine and aquatic animal
material, said method comprising the steps of: (a) placing marine and aquatic animal material in a ketone solvent,
preferably acetone to achieve extraction of the soluble lipid fraction from said marine and aquatic animal material; (b)
separating liquid and solid contents resulting from step (a); (c) recovering a first total lipid rich fraction from the liquid
contents of b) by evaporation of the solvent present in the liquid contents; (d) placing said solid contents in an organic
solvent selected from the group of solvents consisting of alcohol preferably ethanol, isopropanol or t-butanol, and ester
of acetic acid, preferably ethyl acetate, to achieve extraction of the remaining soluble lipid fraction from said marine and
aquatic animal material; (e) separating liquid and solid contents resulting from step (d); and (f) recovering a second total
lipid rich fraction by evaporation of the solvent from the liquid contents of e).

[0017] Thus, it is an object of the present invention to provide an improved marine and aquatic animal oil extraction
method allowing recovery of a valuable lipid fraction and separate recovery of a valuable protein rich solid residue that
comprises active enzymes.

[0018] The present invention also provides a method for extracting an astaxanthin-andcanthaxantin-containing total
lipid fraction from a marine and aquatic animal material selected from zooplankton and fish, said method comprising the
steps of: (a) placing said animal material in a ketone solvent, preferably acetone to achieve an extraction of the soluble
lipid fraction from said marine and aquatic animal material; (b) separating liquid and solid contents resulting from step
(a); (c) recovering a lipid rich fraction from the liquid contents by evaporation of the solvent present in the liquid contents;
whereby an astaxanthin-and-canthaxantin-containing total liquid fraction is obtained.

[0019] The present invention also provides a method for extracting a total lipid fraction from a marine and aquatic
animal material selected from zooplankton and fish, said method comprising the steps of: (a) placing said animal material
in a solvent mixture comprising acetone and ethanol to achieve an extraction of the soluble lipid fraction from said marine
and aqguatic animal material; (b) separating liquid and solid contents resulting from step (a); (c) recovering a lipid rich
fraction from the liquid contents by evaporation of the solvents present in the liquid contents; whereby a total lipid fraction
is obtained.

[0020] The present invention also provides a total krill lipid extract characterized in that it is devoid of toxic solvent
and in that the carotenoid content in asthaxathin is 75ug/g or more and preferably at least about 90 wg/g or more of krill
extract, and the carotenoid content in canthaxanthin is 250 pg/g or more and preferably at least about 270 ng/g of krill
extract or more.

[0021] The presentinvention also provides a krill lipid extract characterised in that itis edible, and in that the carotenoid
in astaxanthin is 75ug/g or more and preferably at least about 90 png/g or more of krill extract, and the carotenoid content
in canthaxanthin is 250 png/g or more and preferably at least about 270ug/g of krill extract or more.

[0022] Other objects and further scope of applicability of the present invention will become apparent from the detailed
description given hereinafter. It should be understood, however, that this detailed description, while indicating preferred
embodiments of the invention, is given by way of illustration only, since various changes and modifications within the
scope of the invention will become apparent to those skilled in the art.

Figure 1.  Gas-liquid chromatography of fatty acids from dry krill (chloroformmethanol)
Figure 2.  Gas-liquid chromatography of fatty acids from dry krill (acetone)

Figure 3.  Gas-liquid chromatography of fatty acids from frozen krill (acetone)

Figure 4.  Gas-liquid chromatography of fatty acids from frozen krill (ethanol)

Figure 5.  Gas-liquid chromatography of fatty acids from frozen krill (t-butanol)

Figure 6.  Gas-liquid chromatography of fatty acids from frozen krill (ethyl acetate)
Figure 7.  Thin-layer chromatography of neutral lipids of Calanus sp. and M. norvegica

Figure 8. Thin-layer chromatography of neutral lipids of E. pacifica

Figure 9. Thin-layer chromatography of neutral lipids of M. schmitii

Figure 10.  Thin-layer chromatography of neutral lipids of G. galeus

Figure 11.  Thin-layer chromatography of neutral lipids of Angel Shark

Figure 12.  Thin-layer chromatography of phospholipids of Calanus sp. and M. norvegica

Figure 13.  Thin-layer chromatography of phospholipids of E. pacifica
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Figure 14. Thin-layer chromatography of phospholipids of M. schmitii
Figure 15.  Thin-layer chromatography of phospholipids of G. galeus
Figure 16.  Thin-layer chromatography of phospholipids of Angel Shark

Figure 17. Influence of the volume of acetone on lipid extraction (E. pacifica)
Figure 18. Influence of incubation time in acetone on lipid extraction (E. pacifica)
Figure 19. Influence of the volume of ethanol on lipid extraction (E. pacifica)
Figure 20. Influence of incubation time in ethanol on lipid extraction (T. raschii)

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0023] Before describing the present invention in detail, it is to be understood that the invention is not limited in its
application to the process details described herein. The invention is capable of other embodiments and of being practised
in various ways. ltis also to be understood thatthe phraseology or terminology used herein is for the purpose of description
and not limitation.

[0024] The method of the invention comprises suspending freshly collected marine and aquatic material in acetone.
Lipids are extracted with a ketone such as acetone. This allows a rapid dehydration of animal tissue and a migration of
the lipid fraction to the solvent. The dry residue is a valuable product rich in active enzymes.

[0025] Inapreferred embodiment, the extractionis carried out by successive acetone and alcohol treatments. Preferred
alcohols are isopropanol, and t-butanol. The alcohol may also be substituted with an ester of acetic acid such as ethyl
acetate. The procedure produces two successive lipid fractions and a dry residue enriched in protein, including active
enzymes. Recovery of total lipids is comparable to the Folch et al. (1957) procedure reported in the background of the
invention. It has been tested with krill, Calanus, fish and shark tissues.

[0026] Surprisingly, it was found that successive extraction treatments as proposed by the present invention has a
better yield in lipid extraction that single solvent system extractions. The extraction using two successive solvents which
starts with a ketone such as acetone is especially advantageous since the acetone, in effect, dehydrates the animal
tissue. Having the animal tissue in dehydrated form greatly facilitates the extraction process with the second solvent,
alcohol or an ester of acetic acid such as ethyl acetate.

[0027] In the case of zooplancton such as krill and Calanus and in the case of fish-filleting by-products such as fish
viscera, it is noted that extraction with acetone alone may be sufficient to allow a cost-effective recovery of lipid fractions
and separate recovery of a dry solid product rich in proteins including active enzymes.

[0028] The general extraction method of the present invention will now be described. The starting material consisting
of freshly harvested and preferably finely divided marine and aquatic animal material is subjected to acetone extraction,
for at about two hours and preferably overnight. However extraction time is not critical to the yield of lipid extraction. To
facilitate extraction, it is preferable to use particles of less than 5mm in diameter. Extraction is preferably conducted
under inert atmosphere and at a temperature in the order of about 5°C or less.

[0029] Preferably,the beginningofthe extraction willbe conductedunder agitation forabout 10 to 40 minutes, preferably
20 minutes. Although extraction time is not critical, it was found that a 2 hour extraction with 6:1 volume ratio of acetone
to marine and aquatic animal material is best.

[0030] The solubilized lipid fractions are separated from the solid material by standard techniques including, for ex-
ample, filtration, centrifugation or sedimentation. Filtration is preferably used.

[0031] After separation by filtration on an organic solvent resistant filter (metal, glass or paper) the residue is optionally
washed with pure acetone, preferably two volumes (original volume of material) to recover yet more lipids. The combined
filtrates are evaporated under reduced pressure. Optionally, flash evaporation or spray drying may be used. The water
residue obtained after evaporation is allowed to separate from the oil phase (fraction I) at low temperature.

[0032] The solid residue collected on the filter is suspended and extracted with alcohol, such as ethanol, isopropanol,
t-butanol or alternatively with ethyl acetate, preferably two volumes (original volume of material). The filtrate is evaporated
leaving a second fraction of lipids (identified as fraction Il). Although the extraction period is not critical, it was found that
an extraction time of about 30 minutes is sufficient at temperatures below about 5°C.

[0033] Temperatureofthe organicsolvents, exceptt-butanol, and temperature ofthe sample are notcritical parameters,
but it is preferable to be as cold as possible. However, in the case of t-butanol which is solid at room temperature, it is
important to warm it before using it and to perform the extraction at 25°C immediately.

Comparative examples

[0034] To compare the efficiency of the extraction process, a classical technique (Folch et al. 1957) using chloroform
and methanol was applied to krill. This method is the reference for measuring efficiency of the extraction process. Another
comparison has been made with a technique using hexane as the extraction solvent. Lipid recovery by suspending lipid
fractions in small volumes of their original solvents and measuring by gravimetry small aliquots after evaporation.
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[0035] For all examples provided herein, the method of the present invention involving acetone extraction followed by
extraction with a second solvent (ethyl acetate, for example) gave a translucent oil having appearance and properties
more attractive than any oil obtained by the classical technique of Folch et al. (1957).

[0036] To analyze lipid composition, 780 g of each extract was loaded on silica-gel plates and fractionated by thin
layer chromatography, TLC (Bowyer et al. 1962) with the following solvents. Neutral lipids: hexane, ethyl ether, acetic
acid (90:10:1, v/v) and phospholipids: chloroform, methanol, water (80:25:2, v/v). Fatty acid composition of E. pacifica
was analyzed by gas liquid chromatography, GLC (Bowyer et al. 1962) including some modifications to the original
technique: 2h at 65°C instead of 1h at 80°C, three washes with hexane instead of two and no wash with water.
[0037] To getrid of traces of organic solvents, lipid fractions | and Il are warmed to about 125° C for about 15 minutes
under inert atmosphere.

[0038] Fat was analyzed according to the American Oil Chemist's Society (AOCS). The following criteria have been
used to analyze the lipids extracted: saponification and Wijs iodine indexes and moisture-volatile matter levels. Choles-
terol content has also been determined by the method of Plummer 1987. The same analyzes and others have been
made by an independent laboratory under Professor Robert Ackman'’s supervision (Canadian Institute of Fisheries
Technology, DalTech, Dalhousie University, Halifax, Nova Scotia. Canada). This includes Wijs iodine index, peroxide
and anisidine values, lipid class composition, fatty acid composition, free fatty acid FAME, cholesterol, tocopherol, all-
trans retinol, cholecalciferol, astaxanthin and canthaxantin contents.

[0039] Table 1 shows that higher levels of lipids are extracted from dry krill by acetone followed by ethanol as compared
to the classical procedure of Folch et al. (1957).

[0040] Table 2 shows the results of lipid extraction from frozen Euphausia pacifica, a species of krill from Pacific
Ocean. Assuming an eighty percent content of water, the lipid content is comparable to dry krill as shown in Table 1.
Isopropanol, t-butanol and ethyl acetate, as solvent for the second extraction, give a yield less important than ethanol,
but are not necessarily less effective in lipid recovery since ethanol carries more impurities than isopropanol, {-butanol
or ethyl acetate. Then, they can be used as second solvent after acetone as well. Variations between results from
acetone extractions are mainly due to the water-oil separations. These separations are influenced by the quantity of
residual acetone in the water-oil solution after acetone evaporation. This quantity of acetone varies from an experiment
to another, because the evaporation system used at a small scale is less reproducible (at the industrial scale, the
evaporation step will be optimized). Single solvents have also been tested to extract the totality of lipids from krill. This
shows that ethyl acetate (1,37% extraction rate), as hexane (0,23% extraction rate) are not good solvents, compared
to acetone alone (1,86% extraction rate, and even greater extraction rates with an efficient acetone evaporation system).
[0041] One of the main advantages of the procedure is the removal of bacteria from extracts (lipid fraction and solid
protein-rich material). Indeed, samples of E. pacifica incubated in different ratios of acetone at 4°C for 112 days have
been inoculated on NA medium containing BactoTM beef extract 0,3%, Bacto™ peptone 0,5% and Bacto™ agar 1,5%
(Difco Laboratories. Detroit, USA) then incubated at room temperature or 4°C for 18 days. No significant bacterial growth
was observed at a ratio of 1 volume of acetone per gram of krill. At higher proportions of acetone (2 volumes and 5
volumes), there was no bacterial growth at all, which means that acetone preserves krill samples. Acetone is known as
an efficient bactericidal and viricidal agent (Goodman et al. 1980).

[0042] Table 3 shows the yield of lipids from M. norvegica. The percentage of lipids (3,67%) is comparable to the one
obtained with E. pacifica (3,11%) shown in Table 2. Variations can be attributable to diet and time (season) of collection,
which are different for those two species.

[0043] Table 4 shows the influence of grinding on the efficiency of extraction of M. norvegica lipids. These extractions
were carried out under optimal conditions and show the definite advantage of the procedure over the classical method
(4,46 % versus 3,30 %). It also shows that grinding may be an important factor when the species is large (4,46% versus
3,53 %).

[0044] Table5reportsonlipidextraction from Calanus. Considerable quantities of lipids were obtained. Some variations
in Calanus species composition may explain the variations between experiments 1 and 2 (8.22 % and 10,90 % of fresh
weight).

[0045] Tables 6-8 report the total amount of lipids extracted from fish tissue. The method of the present invention was
demonstrated on mackerel, trout and herring. The method was demonstrated on peripheral tissues (mainly muscles)
and viscera. Advantageously, the present method would permit the recovery of valuable lipid fractions from parts of fish
that are usually wasted after the withdrawal of fillets of the fish. Those fish tissues not used after the transformation of
the fish for human consumption could be stored in acetone, and lipids extracted therefrom in accordance with the present
invention even if the method Folch [1957] recovers more lipid than our method. Indeed small amounts of lipids from
mackerel (0.52% from viscera and 1,45% from tissues) have been extracted by the method of Folch after a first extraction
with acetone and ethanol as described in the present invention. Comparative extractions with the method described in
the present invention carried out in parallel with the method of Folch on trout and herring show superior recovery with
the latter. However, it is noteworthy that the Folch method can not be applied for the recovery of lipids for commercial
uses (because of toxicity).
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[0046] In Tables 9to 11, are shown results of lipids extraction from shark liver tissues. There is no marked difference
in results between techniques within a species.

[0047] Tables 12 shows some characteristics features of fraction | (acetone) and fraction Il (alcohol or ethyl acetate)
for krill oil (e. pacifica). First, the saponification index of fraction | (130,6) indicates that this fraction contains fatty acids
with longer chains, compared to fraction Il (185,7). The Wijs iodine index of fraction | shows that this fraction contains
high levels of polyunsaturated fatty acids. As compared to olive oil which has an index of 81.1. It explains why fraction
|'is liquid at room temperature. It is well known that unsaturated fatty acids have a fusion point inferior to the one of their
saturated homologues. The same observations are made for fraction Il which has a iodine index of 127,2. The fatty acid
composition shown in Table 14 corroborates these iodine indexes: fraction | has a high percentage (30,24%) of polyun-
saturated fatty acids (pentaenes+hexaenes) and so fraction Il (22,98%).

Finally, Table 12 shows also that fraction | is comprised of 10,0% of volatile matter and humidity after evaporation of the
solvent. For the same test, the fraction Il gives a value of 6.8%. To get rid of traces of solvents, it is important to briefly
heat (to about 125°C, for about 15 min) the oil under nitrogen.

[0048] Results on krill oils obtained in accordance with the method of the present invention (fraction | extracted with
acetone and fraction Il extracted with ethyl acetate) are provided in Tables 12, 13, 14, 15, 16 and 17. It is noteworthy to
mention that in Table 17, the carotenoids content was significantly high as measured in terms of two carotenoids namely
astaxanthin and canthaxanthin. Indeed, duplicates analyzes revealed values of 92 to 124 ng/g of lipid fraction for astax-
anthin and 262 to 734 p.g/g for canthaxanthin. Thus, for the purpose of the present invention it may be said that the krill
extract comprises astaxanthin at least 75 and preferably at least 90 ug/g of lipid fraction. In the case of canthaxanthin,
at least 250 and preferably at least 270 ng/g of lipid fraction. Low values for peroxide and anisidine are advantageous
and are due to the presence of high levels of natural antioxidants (astaxanthin and canthaxanthin). These compounds
are indicative of favourable pharmaceutical or cosmetological properties of the krill extract whereby high levels of car-
otenoids indicate excellent transdermal migration characteristics. Thus, krill extract is a good candidative for transdermal
delivery of medicines.

[0049] Table 18 shows the best mode of the method in accordance with the present invention for lipid extraction of
aquatic animal tissues.

[0050] Table 19 shows that the enzyme activity of the solid fraction is maintained following the method of the present
invention. Indeed, the demonstration was completed for solid krill residue obtained after successive acetone and ethyl
acetate extraction. Proteolytic activities were measure by the liberation of amino groups by spectrophotometric assay
using o-pthaldialdehyde as reagent. Protein concentrations were measured by the Bradford method. Soluble proteins
were extracted with water and added to a 10% lactoserum protein concentrate obtained by ultrafiltration. At the end of
incubation at 37°C in 50mM potassium phosphate buffer, trichloroacetic acid was added and the amount of NH; group
was measured the supernatant according to the method of Church et al. [1983, J Dairy Sci 66: 1219-1227].

[0051] Figures 1 to 6 show chromatograms of fatty acid composition of E. pacifica lipids. On each of them, high
proportions of 20:5 and 22:6 fatty acids (characteristic of marine and aquatic oils) are noticeable and represented by
two distinct peaks.

[0052] Variationsin lipid patterns of neutral lipids (from Figure 7 to Figure 11) fromone species to another are attributable
to the differences in food sources. Within a species (E. pacifica, for example) there is no marked variation between lipid
patterns obtained from different techniques of lipid extraction. Concerning phospholipids (Figure 12 to Figure 16), the
opposite is observed: variations are explained by the different extraction processes of lipids since the same species do
not lead to the same lipid pattern. Lipids from shark species (extracted by the mentioned methods) and commercial cod-
liver oil (sample available from Uniprix drugstores, Province of Québec, Canada) are mainly composed of neutral lipids
as opposed to phospholipids.

[0053] The influence of the volume of solvent and incubation time on the efficiency of the acetone to extract lipids
from E. pacifica is illustrated in Figures 17 and 18, respectively. A ratio of 1:6 (w/v) produced optimal yield with near
complete extraction after 2h. The second extraction step has been experimented with ethanol. The volume of this solvent
does not appear to be critical since the same yield was obtained with different volumes of ethanol (Figure 19), but
incubations time in ethanol should be at least 30 minutes as indicated by the results on Figure 20.

[0054] One ofthe inventors, Dr. Adrien Beaudoin, has ingested the different lipid fractions of krill. No side effect profile
was observed.

[0055] Although the invention has been described above with respect with one specific form, it will be evident to a
person skilled in the art that it may be modified and refined in various ways. It is therefore wished to have it understood
that the present invention should not be limited in scope, except by the terms of the following claims.

[0056] Demonstrationthat krill residue, obtained after acetone and ethyl acetate extraction, contains enzyme proteolytic
activities. Proteolytic activities were measured by the liberation of amino groups by spectrophotometric assay using o-
phthaldialdehyde as reagent. Protein concentrations were measured by the Bradford method.

[0057] The enzyme source was the residue obtained after acetone and ethyl acetate extractions of lipids. Soluble
proteins were extracted with water and added to a 10% lactoserum protein concentrate obtained by ultrafiltration.
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[0058] Atthe end of incubation at 37°C in 50 mM potassium phosphate buffer, trichloroacetic acid was added and the
amount of NHz; groups were measured in the supernatant according to Church and al. 1983.
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TABLE 1. EXTRACTION OF DRY KRILL LIPIDS (E. pacifica)

Exp. No. Technique Yield (%) Total (%) Mean (%) =s.d.
1- acetone & 8,00
ethanol b) 7,60 15,60
2- " 19,70
6,90 26,60
3- " 8,15
11,20 19,35
4- . 6,80
13,60 20,40
20,49+3,95
5- chlor: MeOH ¢©) 15,50
6- " 14,90
15,20=0,30

Determinations in triplicates (variation < 5 %).

a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), no incubation.
b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1
night at 4°C, following a first extraction with acetone.

<) : Folch et al. 1957.

TABLE 2. EXTRACTION OF FROZEN KRILL LIPIDS (E. pacifica)
Exp. No. Technique Yield (%) Total (%) Mean (%)= s.d.

1- acetone? 1,17
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(continued)

Exp. No. Technique Yield (%) Total (%) Mean (%)= s.d.
ethanol P) 1,23 2,40
2- " 3,05
1,09 414
3. " 1,53
1,26 2,79
3,11=0,91
4- acetone @ 2,45
isopropanol ) 0,70 3,15
5- " 1,80
0,80 2,60
6- " 1,60
0,80 2,40
2.72-0,39
7- acetone 3 2,15
t-butanol © 0,47 2,62
8- " 2.11
0,40 2,51
9- " 2,37
0,45 2,82
2,65-0,16
10- acetone @ 2,28
ethyl acetate b) 0,21 2,49
11- " 1,09
0,16 1,25
12- " 2,54
0,09 2,63
2,12--0,76
13- combined acetone-ethanol 9) 3,28
14- " 3.02
15- " 3,25
3,18=0,14
16- ethyl acetate ©) 1,32
17- " 1,49
18- " 1,31
1,37+0,10
19- hexane ©) 0,31
20- " 0,18
21- " 0,20
0,23-0,07
22- chlor:MeOH 2,37
23- " 2,07
24- " 2,62

8
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(continued)

Exp. No. Technique Yield (%) Total (%) Mean (%)= s.d.

2,35+0.28

Determinations in triplicates (variation < 5 %).

a) :Extraction made with a sample-solvent ratio of 1:6 (wtv), incubated 2 h at 4°C.

b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 4°C,
following a first extraction with acetone.

©) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min at 25°C,
following a first extraction with acetone.

d) :Extraction made with a sample-acetone-ethanol ratio of 1:5:5 (wtv/v), incubated 2 h
at4°C.©) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated2 hat4°C.
f) Folch et al. 1957.

TABLE 3. EXTRACTION OF FROZEN KRILL LIPIDS(M. norvegica)
Exp. No. Technique Yield (%) Total (%) Mean (%) = s.d.

1- acetone @) 1,82
ethanol ) 1,82 3,64

2. " 1,15
2,35 3,50

3- " 1,68
2,19 3,87

3,67+0,15

Determinations in triplicates (variation < 5 %).

a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated
1 night at 4°C.

b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated
1 hat 4°C, following a first extraction with acetone.

TABLE 4. INFLUENCE OF GRINDING ON EXTRACTION OF FROZEN KRILL LIPIDS (M. norvegica)
Exp No. Technique Krill around before 1st extraction Yield (%) Total (%)

1- acetone @ yes 3,10
ethanol D) 1,07 417

2- " no 2,14
1,39 3,63

3- " yes 3,32
1,14 4,46
4- chlor : MeOH ©) yes 3,30
5- " yes 3,26

Determinations in triplicates (variation < 5 %).
a) :Extraction made with a sample-solvent ratio of 1:6, incubated 2 h at 4°C.

b) :Extraction made with a sample-solvent ratio of 1:2, incubated 30 min at 4 °C, following a first extraction with acetone.

¢):Folch et al. 1957.

TABLE 5. EXTRACTION OF FROZEN Calanus LIPIDS (Calanus sip.)

Exp. No. Technique Yield (%) Total (%) Mean (%) = s.d.
1- acetone a) 6,18
ethanol P 2,04 8,22
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(continued)

Exp. No. Technique Yield (%) Total (%) Mean (%) = s.d.

2- g 8,64
2,26 10,90
9,56+1,34

Determinations in triplicates (variation <: 5 %).

a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 1
night at 4°C.

b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated 1
h at 4°C, following a first extraction with acetone.

TABLE 6 EXTRACTION OF FRESH FISH LIPIDS (Mackerel)

Exp No Technique Yield (%) Total (%)

1- viscera acetone @ 6,11

fish 1 ethanol ) 0,59 6,70
2- tissues " 3,78

fish 1 0,91 4,69
3- viscera " 10,46

fish 2 0,57 11,03
4- issues " 6,65

fish 2 1.41 8,06
5- viscera " 8.39

fish 3 0,66 9,05
6- tissues " 5,27

fish 3 0,97 6,24
7- viscera " 8,47

fish 4 0,69 9,16
8- tissues " 8,40

fish 4 1,02 9,42
9- viscera chlor:MeQH ©) 0,52

fish 1
10- tissues " 1,45

fish 1

a) :Extraction made with a sample-solvent ratio of 1:9 (w/v),
incubation time: « fish 1 viscera: 4h, fish 1 tissues: 23h - fish 2
viscera: 23h45, fish 2 tissues: 45h30 - fish 3 viscera: 8 days
2h20. fish 3 tissues: 8 days 22h30 - fish 4 viscera: 17 days 23h,
fish 4 tissues: 18 days 2h25.

b) :Extraction made with a sample-solvent ratio of 1:4 (w/v),
incubated 1 h at 4°C. following a first extraction with acetone.
¢) :Folch et al. 1957, following extractions with acetone, then
ethanol,.

TABLE7.EXTRACTION OF FRESH FISH LIPIDS (Trout)

Exp. No. Technigque Yield (%) Total (%)
1- viscera acetone @ 34,70
ethanol ) 2,18 36,88
2- tissues " 5,63
1,17 6,70
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(continued)

Exp. No. Technigue Yield (%) Total (%)
3- viscera chlor:MeOH © 39,81
4- tissues " 14,93

Determinations in triplicates (variation < 5 %).

a) :Extraction made with a sample-solvent ratio of 1:9 (w/v),
incubated 1 night at 4°C.

b) :Extraction made with a sample-solvent ratio of 1:4 (w/v),
incubated 1 h at 4°C, following a first extraction with
acetone.

© : Folch et al. 1957.

TABLE 8. EXTRACTION OF FRESH FISH LIPIDS Herring

Exp. No. Technique Yield (%) Total (%)
1-tissues and viscera  acetone @ 2,09

ethanol b) 0,68 2,77
2-tissues and viscera  chlor:MeOH?®) 5,95

Determination in triplicates (variation < 5 % ).

a) :Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated
1 night at 4°.

b) :Extraction made with a sample-solvent ratio of 1:4 (w/v), incubated
1 h at 4°C, following a first extraction with acetone.

): Folch et al. 1957.

TABLE 9. EXTRACTION OF FRESH SHARK LIVER LIPIDS (M. schmitti)

Exp. No Technique Yield (%) Total (%)
1- acetone 2 36,39
ethyl acetate ) 4,48 40,87
2- ethyl acetate © 36,68
3- chlor : MeOH d) 41,86

Determinations in triplicates (variations <5 %).

a):

Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at

4°C.

b) -

Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30

min at 4°C, following a first extraction with acetone.
©) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h
at4°C.

d) -

Folch et al. 1957.

a first extraction with acetone.
¢) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h
at4C.

d) .

Folch et al. 1957.

TABLE 10. EXTRACTION OF FRESH SHARK LIVER LIPIDS (G. galeus).

Exp. No. Technique Yield (%) Total (%)
1- acetone @) 21,39
ethyl acetate?) 5,27 26,66
2- ethyl acetate © 25,89
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(continued)

Exp. No.

Technique Yield (%) Total (%)

3-

chlor : MeOH 9 29,99

Determinations in triplicates (variations <5 %).
a):Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at

4°C.

b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30
min at 4C, following a first extraction with acetone.

¢) :Extraction made with a sample-solvent ratio of 1 :9 (w/v), incubated 2h
at 4C.

d) :Folch et al. 1957.

TABLE 11. EXTRACTION OF FRESH SHARK LIVER LIPIDS (Angel Shark)

Exp. No. Technique Yield (%) Total (%)
1- acetone @ 19,23
ethyl acetate b) 8,98 28,21
2- ethyl acetate ©) 39,22
3- chlor : MeOH d) 39,23

Determinations in triplicates (variations <5 %).

a) : Extraction made with a sample-solvent ratio of 1:9 (w/v), incubated 2h at 4C.
b) :Extraction made with a sample-solvent ratio of 1:2 (w/v), incubated 30 min
at 4C, following a first extraction with acetone.

¢) :Extraction made with asample-solvent ratio of 1 :9 (wlv), incubated 2h at 4C.
d):Folch et al. 1957.

TABLE 12. CHARACTERISTICS OF KRILL OIL (E. pacifica)

independent laboratory ) handbook?

Saponification index
Fraction | © 130,6 - --
Fraction [19) 185,7 -- -
Olive oil 192,0 € -- 189,7
Wijs iodine index
Fraction | © 185,2 172,5 -
Fraction I 9 127,2 139,2 -
Olive oil 85,3¢) -- 81,1
Cholesterol content (%)
Fraction I¢) 2.1 1,9 -
Fraction [19) 3.7 3,0 -
Olive oil 0,2 - -
Volatile matter and moisture levels (%)
Fraction | © 10,0 -- -
Fraction || 9 6,8 - -
Peroxide value (meq peroxide/kg oil)
Fraction 19 -- 0,0 -
Fraction [14) -- 0,0 -
p-Anisidine value (g-1 absorption)
Fraction | © -- 0,1 -
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(continued)

Fraction Il 9

independent laboratory 2 handbookb
55 --

a): Professor Robert Ackman's laboratory, Canadian Institute of Fisheries Technology, Halifax,

Nova Scotia.
b) : Harwood and Geyer 1964.

©) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C.
d) . Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4C,

following a first extraction with acetone.

e) : Extra virgin olive oil cold compressed from Bertolli ™.

TABLE 13.LIPID CLASS COMPOSITION OF KRILL OIL (AREA %) (E. pacifica)

Triglycerides

Fraction [2) 19,0+0,7
Fraction I 2 66.5+ 23
Hydrocarbons

Fraction | @ trace
Fraction Il b) 1,3+ 0.1
Free fatty acids

Fraction | @ 23.7+ 1,1
Fraction Il &) 20,3= 0,3
Monoglycerides

Fraction | @ 1,4= 0,3
Fraction Il B} 0.5+ 0,1
Phospholipids or other polar material

Fraction | & 54,1= 6,1
Fraction I ©) 85 +1.6

Data from Professor Robert Ackman'’s laboratory, Canadian Institute of Fisheries

Technology, Halifax, Nova Scotia.

a) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C.
b) . Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30
min at 4C, following a first extraction with acetone.

TABLE 14. FATTY ACID COMPOSITION OF KRILL OIL (WT/WT%) (E. pacifica)

Fatty acids Fraction | @ Fraction I1 b)

120 0,0 0,1
13:0 0,2 0,1
ISO 14 :0 0,4 0,6
14:0 4,2 7.6
ISO 15:0 0,5 0,7
ANT 15:0 0,2 0,2
15:0 0,6 1,0
ISO 16:0 0,2 0.3
ANT 16:0 0,2 0,2
16:0 141 21,6
7MH 0,6 0.9
ANT 17:0 0,1 0,3
17:0 2.8 3,7
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(continued)

Fatty acids Fraction | @ Fraction Il b)

18:0 1,0 1,6
20:0 0,1 0,3
Saturates 25,2 39,2
14:1 0,4 0,5
15:1 0,1 0,2
16:1 n-7 6,6 7,8
16:1 n-5 0.6 0,2
17:1 0,6 0,7
18:1 n-9 8,0 9.8
18:1 n-7 4.2 5,6
18:1 n-5 0,1 0,1
20:1 n-9 0,3 0.4
20:1 n-7 0,3 0,4
20:1 n-5 0,3 04
22:1 n-11 +13 0,1 0,2
Monoenes 21,6 26,3
16:2 n-6 0,6 1,2
16:2 n-4 1,3 1,3
18:2 n-7 0,1 0,2
18:2 n-6 2,0 1.8
18:2 n-4 0,1 0,1
20:2 NMID 0.2 0,2
20:2 n-6 0,1 0,1
Dienes 4.4 4.9
16:3n-4 1,4 1,2
18:3 n-6 0,4 0,3
18:3 n-4 0,2 0,2
18:3 n-3 3,2 3,0
18:3 n-1 0,1 0.1
20:3 n-3 0,1 0,1
Trienes 5.4 4.9
16:4 n-3 0.9 0,7
16:4 n-1 -1,0 0,8
18:4 n-3 9,2 7.4
18:4 n-1 0,1 0,0
20:4 n-6 0.7 0.5
20:4 n-3 0.7 0.3
Tetraenes 12,6 9,7
20:5 n-3 17,4 8,6
21:5n-3 0,7 0,5
22:5 n-6 0,2 0.1
22:5n-3 0,5 0,3
Pentaenes 18,8 95
22:6 n-3 Hexaenes 13.2 6,6
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(continued)

Fatty acids

Fraction | @

Fraction |1 b)

lodine value calculated

214.,8

145,1

Data from Professor Robert Ackman'’s laboratory, Canadian Institute of Fishenes

Technology, Halifax, Nova Scotia.

a):; Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4C.
b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min
at 4°C, following a first extraction with acetone.

TABLE 15. KRILL LIPID FREE FATTY ACID FAME (WT/WT%) (E. pacifica)

Fatty acids Fraction | 2 Fraction Il b)

12:0 0,5 0,1
13:0 0,2 0,0
1S014:0 0,2 0,2
14:0 1,3 2,6
ISO 15:0 0,3 0,3
ANT 15:0 0,1 0,1
15:0 0,2 0,5
ISO 16:0 0,1 0,2
ANT 16:0 0,2 0.1
16:0 3,3 10,6
7MH 0,6 0.8
ANT 17:0 0,2 0,2
Phytanic 0,2 0,0
17:0 0,5 0.8
18:0 0,2 0,6
20:0 0,3 0,2
22:0 0,0 0,1
Saturates 8,4 17.4
14:1 0,2 0,2
15:1 0,2 0,1
16:1 n-9 0,5 0,0
16:1 n-7 5,2 6.8
16:1 n-5+117:0 0,1 0,1
17:1 0,6 0,7
18:1 n-9 7,0 11,4
18:1 n-7 4,9 9,3
18:1 n-5 0,1 0,3
20:1 n-11 0,2 0,3
20:1 n-9 0,1 0,3
22:1 n-11+13 0,1 0,2
24:1 n-9 0,0 0,1
Monoenes 19,2 29,8
16:2 n-6 0,4 0,9
16:2 n-4 1,2 1,0
18:2 n-7 0,1 0,2
18:2 n-6 2,4 2,6
18:2 n-4 0,1 0,1
20:2 n-6 0,1 0,1

15
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(continued)

Fatty acids Fraction | @ Fraction Il b)

Dienes 4.3 4.9
16:3 n.4+117:1 1.4 0,9
16:3 n-3+1 18:0 0,2 0,5
18:3 n-6 0,4 0,3
18:3 n-4 0,1 0,1
18:3 n-3 3.3 3.4
18:3 n-1 0,1 0,1
20:3 n-6 0,1 0,1
20:3 n-3 0,1 0,2
Trienes 57 5,6
16:4 n-3 0,6 0,3
16:4 n-1 1,0 0,6
18:4 n-3 9,8 6,2
18:4 n-1 0,1 0,1
20:4n-6 1,7 1,4
20:4 n-3 0,6 0,5
22:4 n-3 0,3 0,3
Tetraenes 14,1 9.4
18:5 n-3 0,2 0,1
20:5 n-3 26,4 17,4
21:5n-3 0,9 0,6
22:5 n-6 0,0 0,1
22:5n-3 0,7 0,5
Pentaenes 28,2 18,7
22:6 n-3 20,5 14,4
Hexaenes 20,5 14,4
lodine value calculated 291.,6 220,3

Data from Professor Robert Ackman’s laboratory, Canadian Institute of
Fisheries Technology, Halifax. Nova Scotia.
a) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at

4C.

b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated

30 min at 4C, following a first extraction with acetone.

TABLE 16. TOCOPHEROL, ALL-trans RETINOL AND CHOLECALCIFEROL CONTENT IN KRILL OIL (E.

pacifica)
alpha-locopherol by HPLC (IU) Fraction [&) 0,01
Fraction 119 0,83
gamma-tocopherol bv HPLC ng/g
Fraction &) Tr
Fraction IIP) Tr
delta-tocopherol by HPLC ng/g
Fraction &) N.D.
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(continued)

Fraction |I°) N.D.
all-trans retinol by HPLC (1U)

Fraction &) 395,57
Fraction I 440,47
cholecalciferol by HPLC (1U)

Fraction [&) N.D.
Fraction 119 N.D.

Data from Professor Robert Ackman'’s laboratory, Canadian Institute of Fisheries Technology. Halifax, Nova Scotia.

Data expressed per gram of krill oil.
a): Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C.

b): Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4 °C, following a first extraction

with acetone.

TR = trace

N.D. = not detected

Conversion: Vitamin alpha-tocopherol mg/g oilx 1,36 = International Unit All-transretinol wg/g + 0,3 = International Unit

TABLE 17. ASTAXANTHIN AND CANTHAXANTHIN CONTENT OF KRILL OIL (E. pacifica)

Asthaxantin (ng/g oil)

Fraction |2) 93.1
Fraction 1P 121,7
Canthaxanthin (p.g/g oil)

Fraction 12 270,4
Fraction 1P 733,0

Data from Professor Robert Ackman’s laboratory, Canadian Institute of Fisheries Technology,
Halifax, Nova Scotia.

a) : Extraction made with a sample-acetone ratio of 1:6 (w/v), incubated 2h at 4°C.

b) : Extraction made with a sample-ethyl acetate ratio of 1:2 (w/v), incubated 30 min at 4°C.
following a first extraction with acetone.

TABLE 18. OPTIMAL CONDITIONS FOR LIPID EXTRACTION OF AQUATIC ANIMAL TISSUES (suggested

procedure)
STEP CONDITIONS
Grinding (if particles > 5mm) 4°C

Lipid extraction

Filtration

Washing

Filtration
Evaporation
Oil-water separation
Lipid extraction

Filtration
Evaporation

sample-acetone ratio of 1:6 (w/v) 2h (including swirling
20 min) 4°C

organic solvent resistant filter under reduced pressure
sample-acetone ratio of 1:2 (w/v) pure and cold acetone
organic solvent resistant filter under reduced pressure
under reduced pressure

4°C

sample : ethyl acetate ratio of 1:2 (w/v)a

pure ethylacetate 30 min 30 min 4°Cb)

organic solvent resistant filter under reduced pressure
under reduced pressure

a): Ethanol

can be replaced by isopropanol, i-bulanol or ethyl acetate.

b): 25°C when usingi-butanol.
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TABLE 19: PROTEOLYTIC ACTIVITY OF KRILL RESIDU USING LACTOSERUM AS THE SUBSTRATE. AT
37°C, PH 7.0 FOR A RATIO ENZYMESUBSTRATE OF 1:43

Time (min) Amino acids Enzymatic rate Specific activity enzymatic
released (pmoles) (mwmoles/min)

(pmoles min/mg*)

15 28.76 1.917 0.164
30 43.74 0.999 0.125
170 98.51 0.322 0.050
255 177.26 0.308 0.060

*

total quantity of enzymes in hydrolysis media

Claims

1.

10.

A method for extracting total lipid fractions from marine and aquatic animal material, said method comprising the
steps of

(a) placing marine and aquatic animal material in a ketone solvent, preferably acetone to achieve extraction of
the soluble lipid fraction from said marine and aquatic animal material;

(b) separating liquid and solid contents resulting from step (a);

(c) recovering a first total lipid rich fraction from the liquid contents of b) by evaporation of the solvent present
in the liquid contents;

(d) placing said solid contents in an organic solvent selected from the group of solvents consisting of alcohol,
preferably ethanol, isopropanol or t-butanol, and esters of acetic acid, preferably ethyl acetate, to achieve
extraction of the remaining soluble lipid fraction from said marine and aquatic animal material;

(e) separating liquid and solid contents resulting from step (d); and

(f) recovering a second total lipid rich fraction by evaporation of the solvent from the liquid contents of e).

A method according to Claim 1, wherein the extraction of step (a) is conducted under agitation after the animal
material has been ground.

A method according to any of Claims 1 and 2, wherein the extraction of step (d) is conducted under agitation after
the animal material has been ground.

A method according to any of Claims 1 to 3, wherein steps (a) and (d) are conducted under inert atmosphere.

A method according to any of Claims 1 to 4, wherein steps (b) and (e) are effected by techniques selected from
filtration, centrifugation and sedimentation.

A method according to any of Claims 1 to 5, wherein steps (c¢) and (f) are effected by techniques selected from
evaporation under reduced pressure, flash evaporation and spray drying.

A method according to any of Claims 1 to 6, wherein after step (b) and before step (c), the method additionally
comprises the intervening step of washing the solid contents with the solvent and adding the resulting washing
solution to the liquid contents of step (b).

A method according to any of Claims 1 to 7, wherein after step (e) and before step (f), the method additionally
comprises the intervening step of washing the solid contents with the organic solvent selected in step (d).

A method according to any of Claims 1 to 8, wherein prior to step (a) the marine and aquatic animal material is finely
divided, preferably to an average particle size of 5mm or less.

A method according to any of Claims 1 to 9, wherein the organic solvent is selected from the group of solvents
consisting of ethanol or isopropanol and esters of acetic acid, preferably ethyl acetate, and wherein said method is
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conducted at a temperature of 5°C or less.
A method according to any of Claims 1 to 10, wherein said marine and aguatic animal is zooplankton.
A method according to Claim 11, wherein said zooplankton is Krill.
A method according to Claim 11, wherein said zooplankton is Calanus.
A method according to any of Claims 1 to 10, wherein said marine and aguatic animal is fish.

A method according to any of Claims 1-9, wherein the organic solvent is t-butanol, and wherein said method is
conducted at a temperatures of 25°C.

A method for extracting an astaxanthin-and-canthaxantin-containing total lipid fraction from a marine and aquatic
animal material selected from zooplankton and fish, said method comprising the steps of:

(a) placing said animal material in a ketone solvent, preferably acetone to achieve an extraction of the soluble
lipid fraction from said marine and aquatic animal material,

(b) separating liquid and solid contents resulting from step (a);

(c) recovering a lipid rich fraction from the liquid contents by evaporation of the solvent present in the liquid
contents;

whereby an astaxanthin-and-canthaxantin-containing total lipid fraction is obtained.

A method for extracting a total lipid fraction from a marine and aquatic animal material selected from zooplankton
and fish, said method comprising the steps of:

(a) placing said animal material in a solvent mixture comprising acetone and ethanol to achieve an extraction
of the soluble lipid fraction from said marine and aquatic animal material;
(b) seperating liquid and solid contents resulting from step (a);
(c) recovering a lipid rich fraction from the liquid contents by evaporation of the solvents present in the liquid
contents;

whereby a total lipid fraction is obtained.

A method according to Claim 16 or 17, wherein the animal material is krill.

A method according to Claim 16 or 18, wherein the animal material is Calanus.

A method as in any of Claims 16 to 19, wherein the extraction of step (a) is conducted under agitation after the
animal material has been ground.

A method according to any of Claims 16 to 20, wherein step (a) is conducted under inert atmosphere.

A method according to any of Claims 16 to 21, wherein step (b) is effected by a technique selected from filtration,
centrifugation and sedimentation.

A method according to any one of Claims 16 to 22, wherein step (c¢) is effected by a technique selected from vacuum
evaporation, flash evaporation and spray drying.

A method according to any one of Claims 16 to 23, wherein after step (b) and before step (c), the method additionally
comprises a step of washing said solid contents with a solvent and adding the resulting washing solution to the

liquid contents of step (b).

A method according to any of Claims 16 to 24, wherein prior to step (a) the marine and aquatic animal material is
finely divided, preferably to an average particle size of 5mm or less.

A method according to any of Claims 16 to 25, wherein said method is conducted at a temperature of 5°C or less.
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A method of lipid extraction according to any one of Claims 1 to 26, wherein the resulting solid contents are recovered
and consist of a dehydrated residue containing active enzymes.

A total krill lipid extract characterized in that it is devoid of toxic solvent and in that the carotenoid content in
asthaxathin is 75ung/g or more and preferably at least about 90 wg/g or more of krill extract, and the carotenoid
content in canthaxanthin is 250 pg/g or more and preferably at least about 270 pg/g of krill extract or more.

A lipid extract according to Claim 28, obtainable from an aquatic or marine animal by a method according to any of
Claims 1-27.

Use of a krill lipid extract according to Claim 28 or 29, in an application selected from the group consisting of
nutraceuticals, cosmetics, fish farming and animal feeding applications.

Use of a krill lipid extract according to Claim 28 or 29, for the manufacture of a medicament for treating a disease
selected from the group consisting of an inflammatory disease, cardiovascular disease, lupus and renal disease.

A krill lipid extract characterised in that it is edible, and in that the carotenoid content in astaxanthin is 75ug/g or
more and preferably at least about 90pg/g or more of krill extract, and the carotenoid content in canthaxanthin is
2501.g/g or more and preferably at least about 270ug/g of krill extract or more.

A krill lipid extract according to Claim 32, obtainable from an aquatic or marine animal by a method according to
any of Claims 1-27.

Use of a krill lipid extract according to Claim 32 or 33, in an application selected from the group consisting of
nutraceuticals, cosmetics, fish farming and animal feeding applications.

Use of a krill lipid extract according to Claim 32 or 33, for the manufacture of a medicament for treating a disease
selected from the group consisting of an inflammatory disease, cardiovascular disease, lupus and renal disease.

Patentanspriiche

1.

Verfahren zum Extrahieren der Gesamtlipidfraktionen von Meeres- und Wassertiermaterial, wobei das Verfahren
die folgenden Schritte umfasst:

(a) das Geben des Meeres- und Wassertiermaterials in ein Ketonlésungsmittel, bevorzugt Aceton, um eine
Extraktion der I8slichen Lipidfraktion aus dem Meeres- und Wassertiermaterial zu erreichen;

(b) das Trennen der flussigen und festen Gehalte, welche aus Schritt (a) resultieren;

(c) das Gewinnen einer ersten Gesamtlipid-reichen Fraktion aus den flissigen Gehalten von (b) durch Abdamp-
fen des in den flussigen Gehalten vorhandenen Lésungsmittels;

(d) das Geben der festen Gehalte in ein organisches Losungsmittel, ausgewahlt aus der Gruppe von Losungs-
mitteln, welche aus Alkohol, bevorzugt Ethanol, Isopropanol oder t-Butanol, und Estern von Essigsaure, bevor-
zugt Ethylacetat, besteht, um eine Extraktion der verbleibenden I6slichen Lipidfraktion von dem Meeres- und
Wassertiermaterial zu erreichen;

(e) das Trennen der flUssigen und festen Gehalte, welche aus Schritt (d) resultieren; und

(f) das Gewinnen einer zweiten Gesamtlipid-reichen Fraktion durch Abdampfen des Lésungsmittels aus den
flissigen Gehalten von (e).

Verfahren geman Anspruch 1, wobei die Extraktion von Schritt (a) unter Bewegung durchgefuhrt wird, nachdem
das Tiermaterial gemahlen wurde.

Verfahren geman einem der Ansprlche 1 und 2, wobei die Extraktion von Schritt (d) unter Bewegung durchgefiihrt
wird, nachdem das Tiermaterial gemahlen wurde.

Verfahren geman einem der Anspruche 1 bis 3, wobei die Schritte (a) und (d) unter Intertatmosphare durchgefthrt
werden.

Verfahren geman einem der Anspriche 1 bis 4, wobei die Schritte (b) und (e) durch Techniken, welche aus Filtration,
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Zentrifugation und Sedimentation ausgewahlt sind, bewirkt werden.

Verfahren geman einem der Ansprliche 1 bis 5, wobei die Schritte (¢) und (f) durch Techniken, welche aus Ver-
dampfen unter verringertem Druck, Flash-Verdampfen und Sprihtrocknen ausgewahlt sind, bewirkt werden.

Verfahren gemafn einem der Anspriiche 1 bis 6, wobei das Verfahren nach Schritt (b) und vor Schritt (c) zusatzlich
den Zwischenschritt des Waschens der festen Gehalte mit dem Losungsmittel und des Gebens der resultierenden
Waschldsung zu den flissigen Gehalten von Schritt (b) umfasst.

Verfahren geméan einem der Anspriche 1 bis 7, wobei das Verfahren nach Schritt (e) und vor Schritt (f) zuséatzlich
den Zwischenschritt des Waschens der festen Gehalte mit dem in Schritt (d) ausgewahlten organischen Lésungs-
mittel umfasst.

Verfahren gemaB einem der Anspriche 1 bis 8, wobei das Meeres-und Wassertiermaterial vor Schritt (a) fein zerteilt
wird, bevorzugt in eine mittlere TeilchengréBe von 5 mm oder niedriger.

Verfahren geman einem der Anspriiche 1 bis 9, wobei das organische Ldésungsmittel aus der Gruppe von Lésungs-
mitteln ausgewabhlt ist, welche aus Ethanol oder Isopropanol und Estern von Essigsaure, bevorzugt Ethylacetat,
besteht, und wobei das Verfahren bei einer Temperatur von 5°C oder niedriger durchgefthrt wird.

Verfahren geman einem der Ansprlche 1 bis 10, wobei das Meeres- und Wassertier Zooplankton ist.

Verfahren geméanB Anspruch 11, wobei das Zooplankton Krill ist.

Verfahren gemaB Anspruch 11, wobei das Zooplankton Calanus ist.

Verfahren geman einem der Ansprliche 1 bis 10, wobei das Meeres- und Wassertier Fisch ist.

Verfahren gemaR einem der Ansprliche 1 bis 9, wobei das organische L&sungsmittel t-Butanol ist und wobei das
Verfahren bei einer Temperatur von 25°C durchgefthrt wird.

Verfahren zum Extrahieren einer Astaxanthin und Canthaxanthin enthaltenden Gesamtlipidfraktion aus einem Mee-
res- und Wassertiermaterial, welches aus Zooplankton und Fisch ausgewahlt ist, wobei das Verfahren die folgenden
Schritte umfasst:

(a) das Geben des Tiermaterials in ein Ketonldsungsmittel, bevorzugt Aceton, um eine Extraktion der I6slichen
Lipidfraktion aus dem Meeres- und Wassertiermaterial zu erreichen;

(b) das Trennen der flussigen und festen Gehalte, welche aus Schritt (a) resultieren;

(c)das Gewinnen einer Lipid-reichen Fraktion aus denfliissigen Gehalten durch Verdampfen des inden flGissigen
Gehalten vorhandenen Lésungsmittels;

wobei eine Astaxanthin und Canthaxanthin enthaltende Gesamtlipidfraktion erhalten wird.

Verfahren zum Extrahieren einer Gesamtlipidfraktion aus einem Meeres- und Wassertiermaterial, welches aus
Zooplankton und Fisch ausgewabhlt ist, wobei das Verfahren die folgenden Schritte umfasst:

(a) das Geben des Tiermaterials in ein Lésungsmittelgemisch, welches Aceton und Ethanol umfasst, um eine
Extraktion der 18slichen Lipidfraktion aus dem Meeres- und Wassertiermaterial zu erreichen;
(b) das Trennen der flUssigen und festen Gehalte, welche aus Schritt (a) resultieren;
(c) das Gewinnen einer Lipid-reichen Fraktion aus den flissigen Gehalten durch Verdampfen der in den flissigen
Gehalten vorhandenen Lésungsmittel;

wobei eine Gesamtlipidfraktion erhalten wird.

Verfahren geman Anspruch 16 oder 17, wobei das Tiermaterial Krill ist.

Verfahren geméanB Anspruch 16 oder 18, wobei das Tiermaterial Calanus ist.
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Verfahren wie in einem der Anspriiche 16 bis 19, wobei die Extraktion von Schritt (a) unter Bewegung durchgeflhrt
wird, nachdem das Tiermaterial gemahlen wurde.

Verfahren geman einem der Ansprliche 16 bis 20, wobei Schritt (a) unter einer Inertatmosphéare durchgefihrt wird.

Verfahren geman einem der Anspriche 16 bis 21, wobei Schritt (b) durch eine Technik, welche aus Filtration,
Zentrifugation und Sedimentation ausgewahlt ist, bewirkt wird.

Verfahren geman einem der Ansprliche 16 bis 22, wobei Schritt (c) durch eine Technik, welche aus Vakuumver-
dampfen, Flash-Verdampfen und Sprihtrocknen ausgewahlt sind, bewirkt wird.

Verfahren gemaf einemder Ansprlche 16 bis 23, wobei das Verfahren nach Schritt (b) und vor Schritt (c) zusatzlich
einen Schritt des Waschens der festen Gehalte mit einem Lésungsmittel und des Gebens der resultierenden Wasch-
I6sung zu den flussigen Gehalten von Schritt (b) umfasst.

Verfahren geman einem der Ansprliche 16 bis 24, wobei das Meeres- und Wassertiermaterial vor Schritt (a) fein
zerteilt wird, bevorzugt in eine mittlere TeilchengréBe von 5 mm oder niedriger.

Verfahren geman einem der Ansprliche 16 bis 25, wobei das Verfahren bei einer Temperatur von 5° C oder niedriger
durchgefthrt wird.

Lipidextraktionsverfahren gemap einem der Ansprliche 1 bis 26, wobei die resultierenden festen Gehalte gewonnen
werden und aus einem dehydratisierten Rest, der aktive Enzyme enthalt, bestehen.

Krillgesamtlipidextrakt, dadurch gekennzeichnet, dass er kein toxisches Lésungsmittel enthalt und dass der Ca-
rotenoidgehalt in Astaxanthin 75 pg/g oder mehr und bevorzugt mindestens etwa 90 ng/g Krillextrakt oder mehr
betragt und der Carotenoidgehalt in Canthaxanthin 250 p.g/g oder mehr und bevorzugt mindestens etwa 270 ng/g
Krillextrakt oder mehr betragt.

Lipidextrakt gemaB Anspruch 28, erhaltlich aus einem Wasser- oder Meerestier durch ein Verfahren geman einem
der Ansprlche 1 bis 27.

Verwendung eines Kirilllipidextrakts gemaB Anspruch 28 oder 29 in einer Verwendung, welche aus der Gruppe
ausgewahlt ist, die aus funktionellen Lebensmitteln, Kosmetika, Fischzucht- und Tierfltterungsverwendungen be-
steht.

Verwendung eines Krilllipidextrakts gemaB Anspruch 28 oder 29 zur Herstellung eines Medikaments zur Behandlung
einer Erkrankung, welche aus der Gruppe ausgewahlt ist, die aus einer entzlndlichen Erkrankung, kardiovaskularen
Erkrankung, Lupus und Nierenerkrankung besteht.

Krilllipidextrakt, dadurch gekennzeichnet, dass er essbar ist und dass der Carotenoidgehalt in Astaxanthin 75
pg/g oder mehr und bevorzugt mindestens etwa 90 p.g/g Krillextrakt oder mehr betragt und der Carotenoidgehalt
in Canthaxanthin 250 pg/g oder mehr und bevorzugt mindestens etwa 270 pg/g Krillextrakt oder mehr betragt.

Krilllipidextrakt gemaB Anspruch 32, erhaltlich aus einem Wasser- oder Meerestier durch ein Verfahren geman
einem der Anspriche 1 bis 27.

Verwendung eines Kirilllipidextrakts gemaB Anspruch 32 oder 33 in einer Verwendung, welche aus der Gruppe
ausgewahlt ist, die aus funktionellen Lebensmitteln, Kosmetika, Fischzucht- und TierfUtterungsverwendungen be-
steht.

Verwendung eines Krilllipidextrakts gemaB Anspruch 32 oder 33 zur Herstellung eines Medikaments zur Behandlung
einer Erkrankung, welche aus der Gruppe ausgewahlt ist, die aus einer entziindlichen Erkrankung, kardiovaskularen
Erkrankung, Lupus und Nierenerkrankung besteht.
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Revendications

1.

10.

11.

12.

13.

14.

Procédé pour extraire des fractions lipidiques totales a partir de matériau animal marin et aquatique, ledit procédé
comprenant les étapes consistant a :

(a) placer le matériau animal marin et aguatique dans un solvant a base de cétone, de préférence 'acétone,
pour réaliser I'extraction de la fraction lipidique soluble a partir dudit matériau animal marin et aquatique ;

(b) séparer les contenus liquides et solides résultant de I'étape (a) ;

(c) récupérer une premiere fraction riche en lipides totaux a partir des contenus liquides de b) par évaporation
du solvant présent dans les contenus liquides ;

(d) placer lesdits contenus liquides dans un solvant organique choisi dans le groupe de solvants constitué par
un alcool, de préférence I'éthanol, l'isopropanol ou le t-butanol, et les esters d'acide acétique, de préférence
I'acétate d'éthyle, pour réaliser I'extraction de la fraction lipidique soluble restante a partir dudit matériau animal
marin et aquatique ;

(e) séparer les contenus liquides et solides résultant de I'étape (d) ; et

(f) récupérer une deuxiéme fraction riche en lipides totaux par évaporation du solvant a partir des contenus
liquides de e).

Procédé selon la revendication 1, dans lequel I'extraction de I'étape (a) est effectuée sous agitation apreés que le
matériau animal a été broyé.

Procédé selon I'une quelconque des revendications 1 et 2, dans lequel I'extraction de I'étape (d) est effectuée sous
agitation aprés que le matériau animal a été broyé.

Procédé selon 'une quelconque des revendications 1 a 3, dans lequel les étapes (a) et (d) sont effectuées dans
une atmosphére inerte.

Procédé selon I'une quelconque des revendications 1 a 4, dans lequel les étapes (b) et (e) sont effectuées par des
techniques choisies parmi la filtration, la centrifugation et la sédimentation.

Procédé selon I'une quelconque des revendications 1 a 5, dans lequel les étapes (c) et (f) sont effectuées par des
techniques choisies parmi I'évaporation sous pression réduite, I'évaporation sur évaporateur rotatif et le séchage
par pulvérisation.

Procédé selon I'une quelconque des revendications 1 a 6, dans lequel, aprés 'étape (b) et avant I'étape (c), le
procédé comprend de plus I'étape intermédiaire consistant a laver les contenus solides avec le solvant et a ajouter
la solution de lavage résultante aux contenus liquides de I'étape (b).

Procédé selon I'une quelconque des revendications 1 a 7, dans lequel, aprés I'étape (e) et avant I'étape (f), le
procédé comprend de plus I'étape intermédiaire consistant & laver les contenus solides avec le solvant organique

sélectionné dans I'étape (d).

Procédé selon I'une quelconque des revendications 1 a 8, dans lequel, avant I'étape (a), le matériau animal marin
et aquatique est finement divisé, de préférence a une granulométrie moyenne de 5 mm ou moins.

Procédé selon 'une quelconque des revendications 1 2 9, dans lequel le solvant organique est choisi dans le groupe
de solvants constitué par I'’éthanol ou l'isopropanol et les esters d’acide acétique, de préférence I'acétate d'éthyle,

et lequel procédé est mis en oeuvre a une température de 5°C ou moins.

Procédé selon I'une quelconque des revendications 1 & 10, dans lequel ledit animal marin et aquatique est un
zooplancton.

Procédé selon la revendication 11, dans lequel ledit zooplancton est le krill.
Procédé selon la revendication 11, dans lequel ledit zooplancton est Calanus.

Procédéselonl'une quelconque des revendications 1 210, dans lequel ledit animal marin et aquatique est un poisson.
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Procédé selon I'une quelconque des revendications 1 4 9, dans lequel le solvant organique est le t-butanol, et lequel
procédé est mis en oeuvre a une température de 25°C.

Procédé pour extraire une fraction lipidique totale contenant de I'astaxanthine et de la canthaxanthine a partir d'un
matériau animal marin et aguatique choisi parmi le zooplancton et le poisson, ledit procédé comprenant les étapes
consistant a :

(a) placer ledit matériau animal dans un solvant a base de cétone, de préférence 'acétone, pour réaliser
I'extraction de la fraction lipidique soluble a partir dudit matériau animal marin et aquatique ;

(b) séparer les contenus liquides et solides résultant de I'étape (a) ;

(c) récupérer une fraction riche en lipides a partir des contenus liquides par évaporation du solvant présent
dans les contenus liquides ;

grace a quoi une fraction lipidique totale contenant de I'astaxanthine et de la canthaxanthine est obtenue.

Procédé pour extraire une fraction lipidique totale & partir d'un matériau animal marin et aquatique choisi parmi le
zooplancton et le poisson, ledit procédé comprenant les étapes consistant a :

(a) placer ledit matériau animal dans un mélange de solvants comprenant de 'acétone et de I'éthanol pour
réaliser I'extraction de la fraction lipidique soluble a partir dudit matériau animal marin et aquatique ;

(b) séparer les contenus liquides et solides résultant de I'étape (a) ;

(c) récupérer une fraction riche en lipides a partir des contenus liquides par évaporation des solvants présents
dans les contenus liquides ;

grace a quoi une fraction lipidique totale est obtenue.
Procédé selon la revendication 16 ou 17, dans lequel le matériau animal est le krill.
Procédé selon la revendication 16 ou 18, dans lequel le matériau animal est Calanus.

Procédé selon I'une quelconque des revendications 16 a 19, dans lequel I'extraction de 'étape (a) est effectuée
sous agitation apres que le matériau animal a été broyé.

Procédé selon I'une quelconque des revendications 16 a 20, dans lequel I'étape (a) est effectuée dans une atmos-
phére inerte.

Procédé selon I'une quelconque des revendications 16 & 21, dans lequel I'étape (b) est effectuée par une technique
choisie parmi la filtration, la centrifugation et la sédimentation.

Procédé selon 'une quelconque des revendications 16 a 22, dans lequel I'étape (c) est effectuée par une technique
choisie parmi I'évaporation sous vide, I'évaporation sur évaporateur rotatif et le séchage par pulvérisation.

Procédé selon I'une quelconque des revendications 16 a 23, dans lequel, aprés I'étape (b) et avant I'étape (c), le
procédé comprend de plus I'étape intermédiaire consistant a laver lesdits contenus solides avec le solvant et a
ajouter la solution de lavage résultante aux contenus liquides de I'étape (b).

Procédé selon 'une quelconque des revendications 16 a 24, dans lequel, avant I'étape (a), le matériau animal marin
et aquatique est finement divisé, de préférence a une granulométrie moyenne de 5 mm ou moins.

Procédé selon 'une quelconque des revendications 16 a 25, lequel procédé est mis en oeuvre a une température
de 5°C ou moins.

Procédé pour extraire des lipides selon 'une quelconque des revendications 1 a 26, dans lequel les contenus solides
résultants sont récupérés et sont constitués d'un résidu déshydraté contenant des enzymes actives.

Extrait lipidique total de krill, caractérisé en ce qu’il est exempt de solvant toxique et en ce que la teneur en
caroténoide dans l'astaxanthine est de 75 png/g ou plus et de préférence d’au moins environ 90 ng/g ou plus de
I'extrait de krill, et la teneur en caroténoide dans la canthaxanthine est de 250 png/g ou plus et de préférence d'au
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moins environ 270 ng/g de I'extrait de krill ou plus.

Extrait lipidique selon la revendication 28, pouvant étre obtenu a partir d’'un animal aquatique ou marin par un
procédé selon l'une quelconque des revendications 1 a 27.

Utilisation d'un extrait lipidique de krill selon la revendication 28 ou 29, dans une application choisie dans le groupe
constitué par les nutraceutiques, les cosmétiques, I'élevage de poissons et les applications a I'alimentation des
poissons.

Utilisation d'un extrait lipidique de krill selon la revendication 28 ou 29, pour la fabrication d'un médicament destiné
a traiter une maladie choisie dans le groupe constitué par une maladie inflammatoire, une maladie cardiovasculaire,
un lupus et une maladie rénale.

Extrait lipidique de krill caractérisé en ce qu’il est comestible, et en ce que la teneur en caroténoide dans l'as-
taxanthine est de 75 ng/g ou plus et de préférence d'au moins environ 90 png/g ou plus de I'extrait de krill, et la
teneur en caroténoide dans la canthaxanthine est de 250 pg/g ou plus et de préférence d'au moins environ 270
ng/g de I'extrait de krill ou plus.

Extrait lipidique de krill selon la revendication 32, pouvant étre obtenu a partir d'un animal aquatique ou marin par
un procédé selon 'une quelconque des revendications 1 a 27.

Utilisation d'un extrait lipidique de krill selon la revendication 32 ou 33, dans une application choisie dans le groupe
constitué par les nutraceutiques, les cosmétiques, I'élevage de poissons et les applications a I'alimentation des
poissons.

Utilisation d'un extrait lipidique de krill selon la revendication 32 ou 33, pour la fabrication d'un médicament destiné
a traiter une maladie choisie dans le groupe constitué par une maladie inflammatoire, une maladie cardiovasculaire,
un lupus et une maladie rénale.
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4 296 12.140 - 18:3
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Description
FIELD OF THE INVENTION

[0001] This invention relates to the field of therapeutic
agents for the treatment of Alzheimer’s Disease.

BACKGROUND OF THE INVENTION

[0002] Alzheimer’'s Disease (AD) is aprogressive neu-
rodegenerative disorder, which primarily affects the eld-
erly. There are two forms of AD, early-onset and late-
onset. Early-onset AD is rare, strikes susceptible individ-
uals as early as the third decade, and is frequently as-
sociated with mutations in a small set of genes. Late on-
set AD is common, strikes in the seventh or eighth dec-
ade, and is a mutifactorial disease with many genetic risk
factors. Late-onset AD is the leading cause of dementia
in persons over the age of 65. An estimated 7-10% of
the American population over 65, and up to 40% of the
American population greater than 80 years of age is af-
flicted with AD (McKhann et al., 1984; Evans et al. 1989).
Early in the disease, patients experience loss of memory
and orientation. As the disease progresses, additional
coghnitive functions become impaired, until the patient is
completely incapacitated. Many theories have been pro-
posed to describe the chain of events that give rise to
AD, yet, at time of this application, the cause remains
unknown. Currently, no effective prevention or treatment
exists for AD. The only drugs to treat AD on the market
today, Aricept® and Cognex®, are acetylcholinesterase
inhibitors. These drugs do not address the underlying
pathology of AD. They merely enhance the effectiveness
of those nerve cells still able to function. Since the dis-
ease continues, the benefits of these treatments are
slight.

[0003] Early-onset cases of AD are rare (~5%), occur
before the age of 60 and are frequently associated with
mutations in three genes, presenilin1 (PS1), presenilin2
(PS2) and amyloid precursor protein (APP) (for review
see Selkoe, 1999). These early-onset AD cases exhibit
cognitive decline and neuropathological lesions that are
similar to those found in late-onset AD. AD is character-
ized by the accumulation of neurofibrillar tangles (NFT)
and B-amyloid deposits in senile plagues (SP) and cer-
ebral blood vessels. The main constituent of senile
plagques is the B-amyloid peptide (AB), which is derived
from the APP protein by proteolytic processing. The
presenilin proteins may facilitate the cleavage of APP.
The AP peptide is amyloidagenic and under certain con-
ditions will form insoluble fibrils. However, the toxicity of
AP peptide and fibrils remains controversial. In some cas-
es AP has been shown to be neurotoxic, while others find
it to be neurotrophic (for reviews see Selkoe, 1999). The
cause of early-onset AD is hypothesized to be accumu-
lation of aggregated proteins in susceptible neurons. Mu-
tations in APP are hypothesized to lead to direct accu-
mulation of fibrillar AP, while mutations in PS 1 or PS2
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are proposed to lead to indirect accumulation of A3. How
a variety of mutations in PS1 and PS2 lead to increased
AB accumulation has not been resolved. Accumulation
of aggregated proteins is common to many progressive
neurodegenerative disorders, including Amyloid Lateral
Sclerosis (ALS) and Huntington's disease (for review see
Koo et al., 1999). Evidence suggests that accumulation
of aggregated proteins inhibits cellular metabolism and
ATP production. Consistent with this observation is the
finding that buffering the energy capacity of neurons with
creatine will delay the onset of ALS in transgenic mouse
models (Klivenyi et al., 1999). Much of the prior art on
AD has focusedon inhibiting production of or aggregation
of AP peptides; such as U.S. Patent No. 5,817,626, U.S.
Patent No. 5,854,204, and U.S. Patent No. 5,854,215.
Other prior art to treat AD include, U.S. Patent No.
5,385,915 "Treatment of amyloidosis associated with
Alzheimer disease using modulators of protein phospho-
rylation”, patent U.S. Patent No. 5,538,983, "Method of
treating amyloidosis by modulation of calcium." Attempts
to increase neuronal survival by use of nerve growth fac-
tors have dealt with either whole cell, gene or protein
delivery, such as described in U.S. Patent No. 5,650,148
"Method of grafting genetically modified cells to treat de-
fects, disease or damage of the central nervous system”,
and U.S. Patent No. 5,936,078 "DNA and protein for the
diagnosis and treatment of Alzheimer’s disease."

[0004] The vast majority (~95%) of AD cases are late-
onset, occurring in the seventh or eighth decade. Late-
onset AD is not associated with mutations in APP, PS 1
or PS2, yet exhibits neuropathological lesions and symp-
toms that are similar to those found in early-onset AD.
Since late-onset AD is the most common form, it will be
referred to herein as AD, while early-onset AD will be
referred to as such. The similar neuropathology and out-
ward symptoms of early-onset and late-onset AD have
led to the "amyloid cascade hypothesis of AD" (Selkoe,
1994). This model holds that both early and late onset
AD result from accumulation of toxic amyloid deposits.
The model speculates that in early onset cases, amyloid
accumulates rapidly, while in late onset, amyloid accu-
mulates slowly. Much of the research on prevention and
treatment of AD has focused on inhibition of amyloid ac-
cumulation. However, the amyloid cascade hypothesis
remains controversial. Amyloid deposits may be a marker
for the disease and not the cause. Translation of Dr.
Alzheimer’s original work on the neuropathology of AD,
relates that he did not favor the view that senile plagues
were causative. He states "These changes are found in
the basal ganglia, the medulla, the cerebellum and the
spinal cord, although there are no plagques at all in those
sites or only isolated ones. So we have to conclude that
the plaques are nol the cause of senile demenlia but
only an accompanying feature of senile involution of the
central nervous system." The italics are his own (Davis
and Chisholm, 1999). Many years of research have not
resolved this issue (for review of amyloid hypothesis see
Selkoe, 1999, for counter argument see Neve et al.,
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1998). Since the present invention addresses the de-
creased neuronal metabolism associatedwith AD, it does
notrely on the validity of the amyloid cascade hypothesis.
[0005] Several genetic risk factors have been pro-
posed to contribute to the susceptibility to late-onset AD.
However, only allelic variation in the lipid transport mol-
ecule apolipoprotein E (apoE) has been reproducibly de-
fined as a genetic risk factor for late onset AD. ApoE
functions as a ligand in the process of receptor mediated
internalization of lipid-rich lipoproteins. These lipoprotein
complexes contain phosopholipids, triglycerides, choles-
terol and lipoproteins. Several well-characterized allelic
variations exist at the apoE locus, and are referred to as
apoE2, E3 and E4. ApoE4 is associated with an in-
creased risk of AD, while apoE2 and E3 are not. Increas-
ing the dosage of the E4 allele increases the risk of AD,
and lowers the age of onset. However, apoE4 is not an
invariant cause of AD. Some individuals, who are ho-
mozygous for the E4 allele, do not show AD symptoms
even into the ninth decade (Beffert et al., 1998).

[0006] A prediction of the observation that apoE4 is
associated with AD is that populations with a high prev-
alence of the E4 allele would also have a high incidence
of AD. Yet, the opposite appears to be true. Geographi-
cally distinct populations have differing frequencies of
apoE alleles. For example, the E4 variant is much more
common in Africaversus the UK. In a study of black South
Africans and Caucasians from Cambridge England, the
apoE4 allele was present in 48% of Black South Africans
compared to 20.8% of Caucasians (Loktionov et al,
1999). In fact, the E4 allele is widespread throughout
Africa (Zekraoui et al, 1997). Studies on AD are difficult
to do in developing countries, but the studies that have
been done show a very low incidence of AD in African
communities, 1% versus 6% in US populations (Hall et
al, 1998). Even more striking is that the normally robust
association between AD and apoE4 is absent in African
cases (Osuntokun et al, 1995). This suggests that some-
thing is different between native Africans, and US citi-
zens, who are largely of European descent. Perhaps the
African populations have some other genetic factor that
protects them from AD. This is unlikely, since the inci-
dence of AD in a population of African-Americans from
Indianapolis, Indiana USA (6.24%) was found to be much
higher than an ethnically similar population in |badan,
Nigeria (1.4%) (Hall et al, 1998). This suggests that the
link between apoE4 and AD has some strong environ-
mental component.

[0007] ApoE4 is the ancestral allele, it is most similar
to the apoE found in chimpanzees and other primates,
while the E2 and E3 alleles arose exclusively in the hu-
man lineage, (Hanlon and Rubinsztein, 1995). The
changes in apoE were probably brought about by a
changeindietinancestralhumans. The E2 and E3 alleles
may have arisen in populations as an adaptation to ag-
riculture (Corbo and Scacchi, 1999).

[0008] The metabolism of apoE4 in human circulation
is different from the non-AD associated apoE3 allele
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(Gregg et al., 1986). The E4 allele is associated with un-
usually high levels of circulating lipoproteins (Gregg et
al., 1986). In particular, the E4 allele results in decreased
rates of VLDL clearance, which leads to higher levels of
VLDL and LDL particles in the blood (Knouff, et al. 1999).
VLDL and LDL particles contain higher levels of triglyc-
erides than HDL particles. The increased levels of circu-
lating VLDL in individuals carrying apoE4 is due to de-
creased fatty acid utilization caused by preferential bind-
ing of apoE4 to chylomicron and VLDL particles. Prior
art has suggested that apoE4 contributes to AD due to
inefficientdelivery of phospholipids to neurons (for review
see Beffert et al., 1998). Yet, apoE4 also contributes to
decreased triglyceride usage.

[0009] In the central nervous system (CNS), apoE
plays a centralrole in the transportation and redistribution
of cholesterol and lipids. The importance of apoE in the
brain is highlighted by the absence of other key plasma
apolipoproteins such as apoA1 and apoB in the brain
(Roheim et al., 1979). ApoE mRNA is found predomi-
nantly in astrocytes in the CNS. Astrocytes function as
neuronal support cells and can efficiently utilize fatty ac-
ids for energy. Since the brain lacks other apolipopro-
teins, itis uniquely dependent on apoE for lipid transport,
including triglycerides. While prior art on apoE’s role in
AD has focused on phospholipid transport, apockE also
delivers free fatty acids in the form of triglycerides to as-
trocytes. Fatty acids delivered by lipoproteins can be con-
verted to ketone bodies by astrocytes for use as an al-
ternative energy source to glucose. An alternative to the
neuronal remodeling hypothesis, is that the preferential
binding of apoE4 to VLDL particles prevents efficient as-
trocyte access to triglycerides. Decreased access to trig-
lycerides results in decreased availability of fatty acids
and decreased production of ketone bodies, and hence
a decreased alternative energy source for cerebral neu-
rons. This reduction in energy supplies may become crit-
ical when glucose metabolism in compromised.

[0010] Metabolism and Alzheimer’s Disease At the
time of this application, the cause of AD remains un-
known, yet a large body of evidence has made it clear
that Alzheimer’'s Disease is associated with decreased
neuronal metabolism. In 1984, Blass and Zemcov pro-
posed that AD results from a decreased metabolic rate
in subpopulations of cholinergic neurons. However, ithas
become clear that AD is not restricted to cholinergic sys-
tems, but involves many types of transmitter systems,
and several discrete brain regions. Positron-emission to-
mography has revealed poor glucose utilization in the
brains of AD patients, and this disturbed metabolism can
be detected well before clinical signs of dementia occur
(Reiman et al., 1996; Messier and Gagnon, 1996; Hoyer,
1998). Additionally, certain populations of cells, such as
somatostatin cells of the cortex in AD brain are smaller,
and have reduced Golgi apparatus; both indicating de-
creased metabolic activity (for review see Swaab et al.
1998). Measurements of the cerebral metabolic rates in
healthy versus AD patients demonstrated a 20-40% re-
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duction in glucose metabolism in AD patients (Hoyer,
1992). Reduced glucose metabolism results in critically
low levels of ATP in AD patients. Also, the severity of
decreased metabolism was found to correlate with senile
plaque density (Meier-Ruge, et al. 1994).

[0011] Additionally, molecular components of insulin
signaling and glucose utilization are impaired in AD pa-
tients. Glucose is transported across the blood brain bar-
rier and is used as a major fuel source in the adult brain.
Consistent with the high level of glucose utilization, the
brains of mammals are well supplied with receptors for
insulin and IGF, especially in the areas of the cortex and
hippocampus, which are important for learning and mem-
ory (Frolich et al., 1998). In patients diaghosed with AD,
increased densities of insulin receptor were observed in
many brain regions, yet the level of tyrosine kinase ac-
tivity that normally is associated with the insulin receptor
was decreased, both relative to age-matched controls
(Frolich et al., 1998). The increased density of receptors
represents up-regulation of receptor levels to compen-
sate for decreased receptor activity. Activation of the in-
sulin receptor is known to stimulate phosphatidylinositol-
3 kinase (PI3K). PI3K activity is reduced in AD patients
(Jolles et al., 1992; Zubenko et al., 1999). Furthermore,
the density of the major glucose transporters in the brain,
GLUT1 and GLUT3 were found to be 50% of age
matched controls (Simpson and Davies 1994). The dis-
turbed glucose metabolism in AD has led to the sugges-
tion that AD may be a form of insulin resistance in the
brain, similar to type |l diabetes (Hoyer, 1998). Inhibition
of insulin receptor activity can be exogenously induced
in the brains of rats by intracerebroventricular injection
of streptozotocin, aknown inhibitor of the insulin receptor.
These animals develop progressive defects in learning
and memory (Lannert and Hoyer, 1998). While glucose
utilization is impaired in brains of AD patients, use of the
ketone bodies, beta-hydroxybutyrate and acteoacetate
is unaffected (Ogawa et al. 1996).

[0012] The cause of decreased neuronal metabolism
in AD remains unknown. Yet, aging may exacerbate the
decreased glucose metabolismin AD. Insulin stimulation
of glucose uptake is impaired in the elderly, leading to
decreased insulin action and increased insulinresistance
(for review see Finch and Cohen, 1997). For example,
after a glucose load, mean plasma glucose is 10-30%
higher in those over 65 than in younger subjects. Hence,
genetic risk factors for AD may result in slightly compro-
mised neuronal metabolism in the brain. These defects
would only become apparent later in life when glucose
metabolism becomes impaired, and thereby contribute
to the development of AD. Since the defects in glucose
utilization are limited to the brain in AD, the liver is "un-
aware" of the state of the brain and does not mobilize
fatty acids (see Brain Metabolism section below). Without
ketone bodies to use as an energy source, the neurons
of the AD patient brain slowly and inexorably starve to
death.

[0013] Attempts to compensate for reduced cerebral
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metabolic rates in AD patients has met with some suc-
cess. Treatment of AD patients with high doses of glu-
cose and insulin increases cognitive scores (Craft et al.,
1996). However, since insulin is a polypeptide and must
be transported across the blood brain barrier, delivery to
the brain is complicated. Therefore, insulin is adminis-
tered systemically. Large dose of insulin in the blood
stream can lead to hyperinsulinemia, which will cause
irregularities in other tissues. Both of these shortcomings
make this type of therapy difficult and rife with complica-
tions. Accordingly, there remains a need for an agentthat
may increase the cerebral metabolic rate and subse-
quently the cognitive abilities of a patient suffering from
Alzheimer’s disease.

[0014] Brain Metabolism The brain has a very high
metabolic rate. For example, it uses 20 percent of the
total oxygen consumed in aresting state. Large amounts
of ATP are required by neurons of the brain for general
cellular functions, maintenance of an electric potential,
synthesis of heurotransmitters and synaptic remodeling.
Current models propose that under normal physiologic
conditions, neurons of the adult human brain depend
solely on glucose for energy. Since neurons lack glyco-
gen stores, the brain depends on a continuous supply of
glucose from the blood for proper function. Neurons are
very specialized and can only efficiently metabolize a few
substrates, such as glucose and ketone bodies. This lim-
ited metabolic ability makes brain neurons especially vul-
nerable to changes in energy substrates. Hence, sudden
interruption of glucose delivery to the brain results in neu-
ronal damage. Yet, if glucose levels drop gradually, such
as during fasting, neurons willbegin to metabolize ketone
bodies instead of glucose and no neuronal damage will
occur.

[0015] Neuronal support cells, glial cells, are much
more metabolically diverse and can metabolize many
substrates, in particular, glial cells are able to utilize fatty
acids for cellular respiration. Neurons of the brain cannot
efficiently oxidize fatty acids and hencerely on othercells,
such as liver cells and astrocytes to oxidize fatty acids
and produce ketone bodies. Ketone bodies are produced
from the incomplete oxidation of fatty acids and are used
to distribute energy throughout the body when glucose
levels are low. In a normal Western diet, rich in carbohy-
drates, insulin levels are high and fatty acids are not uti-
lized for fuel, hence blood ketone body levels are very
low, and fat is stored and not used. Such a scenario ex-
plains the prevalence of obesity.

[0016] Current models propose that only during spe-
cial states, such as neonatal development and periods
of starvation, will the brain utilize ketone bodies for fuel.
The partial oxidation of fatty acids gives rise to D-beta-
hydroxybutyrate (D-3-hydroxybutyrate) and acetoace-
tate, which together with acetone are collectively called
ketone bodies. Neonatal mammals are dependent upon
milk for development. The major carbon source in milk
is fat (carbohydrates make up less then 12% ofthe caloric
content of milk). The fatty acids in milk are oxidized to
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give rise to ketone bodies, which then diffuse into the
blood to provide an energy source for development. Nu-
merous studies have shown thatthe preferred substrates
for respiration in the developing mammalian neonatal
brain are ketone bodies. Consistent with this observation
is the biochemical finding that astrocytes, oligodendro-
cytes and neurons all have capacity for efficient ketone
body metabolism (for review see Edmond, 1992). Yet
only astrocytes are capable of efficient oxidation of fatty
acids.

[0017] The body normally produces small amounts of
ketone bodies. However, because they are rapidly uti-
lized, the concentration of ketone bodies in the blood is
very low. Blood ketone body concentrations rise on a low
carbohydrate diet, during periods of fasting, and in dia-
betics. In a low carbohydrate diet, blood glucose levels
are low, and pancreatic insulin secretion is not stimulat-
ed. This triggers the oxidation of fatty acids for use as a
fuel source when glucose is limiting. Similarly, during
fasting or starvation, liver glycogen stores are quickly de-
pleted, and fat is mobilized in the form of ketone bodies.
Since both a low carbohydrate diet and fasting do not
result in a rapid drop of blood glucose levels, the body
hastime toincrease blood ketone levels. Theriseinblood
ketone bodies provides the brain with an alternative fuel
source, and no cellular damage occurs. Since the brain
has such high energy demands, the liver oxidizes large
amounts of fatty acids until the body becomes literally
saturated in ketone bodies. Therefore, when an insuffi-
cient source of ketone bodies is coupled with poor glu-
cose utilization severe damage to neurons results. Since
glial cells are able to utilize a large variety of substrates
they are less susceptible to defects in glucose metabo-
lism than are neurons. This is consistent with the obser-
vation that glial cells do not degenerate and die in AD
(Mattson, 1998).

[0018] As discussed in the Metabolism and Alzheim-
er's Disease section, in AD, neurons of the brain are un-
able to utilize glucose and begin to starve to death. Since
the defects are limited to the brain and peripheral glucose
metabolism is normal, the body does not increase pro-
duction of ketone bodies, therefore neurons of the brain
slowly starve to death. Accordingly, there remains a need
for an energy source for brain cells that exhibit compro-
mised glucose metabolismin AD patients. Compromised
glucose metabolism is a hallmark of AD; hence admin-
istration of such an agent will prove beneficial to those
suffering from AD.

[0019] Medium Chain Triglycerides (MCT) The me-
tabolism of MCT differs from the more common long
chain triglycerides (LCT) due to the physical properties
of MCT andtheir corresponding medium chain fatty acids
(MCFA). Due to the short chain length of MCFA, they
have lower melting temperatures, for example the melt-
ing point of MCFA (C8:0) is 16.7 °C, compared with 61.1
°C for the LCFA (C160). Hence, MCT and MCFA are
liquid at room temperature. MCT are highly ionized at
physiological pH, thus they have much greater solubility
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in aqueous solutions than LCT. The enhanced solubility
and small size of MCT also increases the rate at which
fine emulsion particles are formed. These small emulsion
particles create increased surface area for action by gas-
trointestinal lipases. Additionally, medium chain 2-
monoglycerides isomerize more rapidly than those of
long chain length, allowing for more rapid hydrolysis.
Some lipases in the pre-duodenum preferentially hydro-
lyze MCT to MCFA, which are then partly absorbed di-
rectly by stomach mucosa (Hamosh, 1990). Those MC-
FA which are not absorbed in the stomach, are absorbed
directly into the portal vein and not packaged into lipo-
proteins. LCFA are packaged in chylomicrons and trans-
portedviathe lymph system, while MCFA are transported
via the blood. Since blood transports much more rapidly
than lymph, the liver is quickly perfused with MCFA.
[0020] In the liver the major metabolic fate of MCFA is
oxidation. The fate of LCFA in the liver is dependent on
the metabolic state of the organism. LCFA are transport-
ed into the mitochondria for oxidation using carnitine
palmitoyltransferase |. When conditions favor fat storage,
malonyl-CoA is produced as an intermediate in lipogen-
esis. Malonyl-CoA allosterically inhibits carnitine palmi-
toyltransferase |, andthereby inhibits LCFA transportinto
the mitochondria. This feedback mechanism prevents fu-
tile cycles of lipolysis and lipogenesis. MCFA are, to large
extent, immune to the regulations that control the oxida-
tion of LCFA. MCFA enter the mitochondria largely with-
out the use of carnitine palmitoyltransferase |, therefore
MCFA by-pass this regulatory step and are oxidized re-
gardless of the metabolic state of the organism. Impor-
tantly, since MCFA enter the liver rapidly and are quickly
oxidized, large amounts of ketone bodies are readily pro-
duced from MCFA.

[0021] Numerous patents relate to use of MCT. None
of these patents relate to the specific use of MCT for
treatment and prevention of Alzheimer's Disease. Pat-
ents such as U.S. Patent No. 4,528,197 "Controlled trig-
lyceride nutrition for hypercatabolic mammals" and U.S.
Patent No. 4,847,296 "Triglyceride preparations for the
prevention of catabolism" relate to the use of MCT to
prevent body-wide catabolism that occurs in burns and
other serious injuries.

[0022] JP-A-6 287 138 discloses the use of MCT for
the treatment of Alzheimer’s disease and mainly focuses
on the parenteral administration; oral administration is
suggested at doses of 100-300g MCT daily given in sev-
eral divided administrations.

SUMMARY OF THE INVENTION

[0023] The present invention provides for the use of
MCT’s in the treatment or prevention of dementia of
Alzheimer’s type comprising administering an effective
amount of medium chain triglycerides to a patientin need
thereof according to claim 1. Administration is oral. The
medium chain triglycerides may be emulsified, and may
be coadministered with L-carnitine or a derivative of L-
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carnitine.

[0024] The present invention further provides thera-
peutic agents for the treatment or prevention of dementia
of Alzheimer’s type.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Itis the novel insight of this invention that me-
dium chain triglycerides (MCT) and their associated fatty
acids areuseful as atreatment and preventative measure
for AD patients. MCT are composed of fatty acids with
chain lengths of between 5-12 carbons. A diet rich in
MCT results in high blood ketone levels. High blood ke-
tone levels will provide an energy source for brain cells
that have compromised glucose metabolism via the rapid
oxidation of MCFA to ketone bodies.

[0026] The background of this invention supports the
present invention in the following ways. (1) Neurons of
the brain can use both glucose and ketone bodies for
respiration. (2) The neurons of Alzheimer’'s Disease pa-
tients have well documented defects in glucose metab-
olism. (3) Known genetic risk factors for Alzheimer’s Dis-
ease are associated with lipid and cholesterol transport,
suggesting defects in triglyceride usage may underlie
susceptibility to Alzheimer's Disease. (4) A diet rich in
MCT will lead to increased levels of blood ketone bodies
and thereby provide energy to starving brain neurons.
Hence, supplementation of Alzheimer’s Disease patients
with MCT will restore neuronal metabolism.

[0027] The present invention provides a method of
treating or preventing dementia of Alzheimer’s type, or
other loss of cognitive function caused by reduced neu-
ronal metabolism, comprising administering an effective
amount of medium chain triglycerides to a patient in need
thereof. Generally, an effective amount is an amount ef-
fective to either (1) reduce the symptoms of the disease
sought to be treated or (2) induce a pharmacological
changerelevantto treating the disease soughtto be treat-
ed. For Alzheimer's Disease, an effective amount in-
cludes an amount effective to: increase cognitive scores;
slow the progression of dementia; or increase the life
expectancy of the affected patient. As used herein, me-
dium chain triglycerides of this invention are represented
by the following formula:

H,C-R1
|
H,C-R2

-
H,C-R3

wherein R1, R2 and R3 are fatty acids having 5-12 car-
bons in the carbon backbone. The structured lipids of this
invention may be prepared by any process known in the
art, such as direct esterification, rearrangement, fraction-
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ation, transesterification, or the like. For example the li-
pids may be prepared by the rearrangement of a vege-
table oil such as coconut oil.

[0028] In a preferred embodiment, the method com-
prises the use of MCTs wherein R1, R2, and R3 are fatty
acids containing a six-carbon backbone (tri-C6:0). Tri-
C6:0 MCT are absorbed very rapidly by the gastrointes-
tinal track in a number of model systems (Odle 1997).
The high rate of absorption results in rapid perfusion of
the liver, and a potent ketogenic response. Additionally,
utilization of tri-C6:0 MCT can be increased by emulsifi-
cation. Emulsification of lipids increases the surface area
for action by lipases, resulting in more rapid hydrolysis.
Methods for emulsification of these triglycerides are well
known to those skilled in the art.

[0029] In another preferred embodiment, the invention
comprises the coadministration of emulsified tri-C6:0
MCT and L-carnitine or a derivative of L-carnitine. Slight
increases in MCFA oxidation have been noted when
MCT are combined with L-carnitine (Odle, 1997). Thus
inthe present invention emulsified tri-C6:0 MCT are com-
bined with L-carnitine at doses required to increase the
utilization of said MCT. The dosage of L-carnitine and
MCT will vary according to the condition of the host, meth-
od of delivery, and other factors known to those skilled
in the art, and will be of sufficient quantity to raise blood
ketone levels to a degree required to treat and prevent
Alzheimer's Disease. Derivatives of L-carnitine which
may be used in the present invention include but are not
limited to decanoylcamitine, hexanoylcarnitine, caproyl-
carnitine, lauroylcarnitine, octanoylcarnitine, stearoyl-
carnitine, myristoylcarnitine, acetyl-L-carnitine, O-
Acetyl-L-carnitine, and palmitoyl-L-carnitine.

[0030] Therapeutically effective amounts of the thera-
peutic agents can be any amount or dose sufficient to
bring about the desired anti-dementia effect and depend,
in part, on the severity and stage of the condition, the
size and condition of the patient, as well as other factors
readily known to those skilled in the art. The dosages
can be given as a single dose, or as several doses, for
example, divided over the course of several weeks.
[0031] In one embodiment, the MCT's or fatty acids
are administered orally. Oraladministration of MCT's and
preparations intravenous MCT solutions are well known
to those skilled in the art.

[0032] Oral and intravenous administration of MCT or
fatty acids resultin hyperketonemia. Hyperketonemia re-
sults in ketone bodies being utilized for energy in the
brain even in the presence of glucose. Additionally, hy-
perketonemia results in a substantial (39%) increase in
cerebral blood flow (Hasselbalch et al. 1996). Hyperke-
tonemia has been reported to reduce cognitive dysfunc-
tion associated with systemic hypoglycemia in normal
humans (Veneman et al. 1994). Please note that sys-
temic hypoglycemia is distinct from the local defects in
glucose metabolism that occur in AD. In another embod-
iment, the invention provides the subject compounds in
the form of one or more prodrugs, which can be meta-
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bolically converted to the subject compounds by the re-
cipient host. As used herein, a prodrug is a compound
that exhibits pharmacological activity after undergoing a
chemical transformation in the body. The said prodrugs
will be administered in a dosage required to increase
blood ketone bodies to a level required to treat and pre-
vent the occurrence of Alzheimer’s Disease. A wide va-
riety of prodrug formulations are known in the art. For
example, prodrug bonds may be hydrolyzable, such as
esters or anhydrides, or enzymatically biodegradable,
such as amides.

[0033] Thisinventionalso provides atherapeutic agent
forthetreatmentor prevention of dementia of Alzheimer's
type, or other loss of cognitive function caused by re-
duced neuronal metabolism, comprising medium chain
triglycerides. In a preferred embodiment, the therapeutic
agent is provided in administratively convenient formu-
lations of the compositions including dosage units incor-
porated into a variety of containers. Dosages of the MCT
are preferably administered in an effective amount, in
order to produce ketone body concentrations sufficient
to increase the cognitive ability of patients afflicted with
AD or other states of reduced neuronal metabolism. For
example, for the ketone body D-beta-hydroxybutyrate,
blood levels are raised to about 1-10 mM or as measured
by urinary excretion in the range of about 5 mg/dL to
about 160 mg/dL, although variations will necessarily oc-
cur depending on the formulation and host, for example.
Effective amount dosages of other MCTs will be apparent
to those skilled in the art. Convenient unit dosage con-
tainers and/or formulations include tablets, capsules, loz-
enges, troches, hard candies, nutritional bars, nutritional
drinks, metered sprays, creams, and suppositories,
among others. The compositions may be combined with
a pharmaceutically acceptable excipient such as gelatin,
an oil, and/or other pharmaceutically active agent(s). For
example, the compositions may be advantageously com-
bined and/or used in combination with other therapeutic
or prophylactic agents, different from the subject com-
pounds. In many instances, administration in conjunction
with the subject compositions enhances the efficacy of
such agents. For example, the compounds may be ad-
vantageously usedin conjunction with antioxidants, com-
pounds that enhance the efficiency of glucose utilization,
and mixtures thereof, (see e.g. Goodman et al. 1996).
[0034] In a preferred embodiment, the invention pro-
vides a formulation comprising a mixture of MCT and
carnitine to provide elevated blood ketone levels. The
nature of such formulations will depend on the duration
and route of administration. Such formulations will be in
the range of 0.5 g/kg/day to 10 g/kg/day of MCT and 0.5
mg/kg/day to 10 mg/kg/day of carnitine or its derivatives,
Variations will necessarily occur depending on the for-
mulation and/or host, for example.

[0035] A particularly preferred formulation comprises
a range of 10-500 g of emulsified MCT combined with
10-2000 mg of carnitine. An even more preferred formu-
lation comprises 50 g MCT (95% triC8:0) emulsified with
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50 g of mono- and di-glycerides combined with 500 mg
of L-carnitine. Such a formulation is well tolerated and
induces hyperketonemia for 3-4 hours in healthy human
subjects.

[0036] In another embodiment, the invention provides
the recipient with a therapeutic agent which enhances
endogenous fatty acid metabolism by the recipient. The
said therapeutic agent will be administered in a dosage
required to increase blood ketone bodies to a level re-
quired to treatand prevent the occurrence of Alzheimer's
Disease. Ketone bodies are produced continuously by
oxidation of fatty acids in tissues that are capable of such
oxidation. The major organ for fatty acid oxidation is the
liver. Under normal physiological conditions ketone bod-
ies are rapidly utilized and cleared from the blood. Under
some conditions, such as starvation or low carbohydrate
diet, ketone bodies are produced in excess and accumu-
late in the blood stream. Compounds that mimic the effect
ofincreasing oxidation of fatty acids will raise ketone body
concentration to a level to provide an alternative energy
source for neuronal cells with compromised metabolism.
Since the efficacy of such compounds derives from their
ability to increase fatty acid utilization and raise blood
ketone body concentration they are dependent on the
embodiments of the present invention.

[0037] From the description above, a number of ad-
vantages of the invention for treating and preventing
Alzheimer’'s Disease become evident:

(a) Prior art on AD has largely focused on prevention
and clearance of amyloid deposits. The role of these
amyloid deposits in AD remains controversial and
may only be a marker for some other pathology. The
present invention provides a novel route for treat-
ment and prevention of AD based on alleviating the
reduced neuronal metabolism associated with AD,
and not with aspects of amyloid accumulation.

(b) Current treatments for AD are merely palliative
and do not address the reduced neuronal metabo-
lism associated with AD. Ingestion of medium chain
triglycerides as a nutritional supplement is a simple
method to provide neuronal cells, in which glucose
metabolism is compromised, with ketone bodies as
a metabolic substrate.

(c) Increase blood levels of ketone bodies can be
achieved by adietrich in medium chain triglycerides.
(d) Medium chain triglycerides can be infused intra-
venously into patients.

(e) Levels of ketone bodies can be easily measured
in urine or blood by commercially available products
(i.e. Ketostix®, Bayer, Inc.).

[0038] Accordingly, the reader will see that the use of
medium chain triglycerides (MCT) as a treatment and
preventative measure of Alzheimer’s Disease (AD) pro-
vides a novel means of alleviating reduced neuronal me-
tabolism associated with AD. Itis the noveland significant
insight of the present invention that use of MCT results
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in hyperketonemia which will provide increased neuronal
metabolism for diseases associated with reduced neu-
ronal metabolism, such as AD. Supplementation with
MCT may prove more effective when combined with in-
sulin sensitizing agents such as vanadyl sulfate, chromi-
um picolinate, and vitamin E. Such agents may function
to increase glucose utilization in compromised neurons
and work synergistically with hyperketonemia. In another
example MCT can be combined with compounds that
increase the rates of fatty acid utilization such as L-car-
nitine and its derivatives. Mixtures of such compounds
may synergistically increase levels of circulating ketone
bodies.
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EXAMPLES

[0040] The following example is offered by way of il-
lustration and not by way of limitation.

Example 1: Nutritional drink

[0041] Nutritional drinks are prepared using the follow-
ing ingredients: emulsified MCT 100 gr/drink, L-carnitine
1 gram/drink, mix of daily vitamins at recommended daily
levels, and a variety of flavorings.

Example 2: Additional formulations

[0042] Additional formulations can be in the form of
Ready to Drink Beverage, Powdered Beverages, Nutri-
tional drinks, Food Bars, and the like. Formulations for
such are clear to those skilled in the art. In the following
example, A-C include formulations that are within the
scope of the invention, as well as some that are not. D-
G are not embodiments of the invention but are useful
for understanding the invention.

A. Ready to Drink Beverage Ready to Drink Bever-
ages are prepared using the following ingredients:
emulsified MCT 5-100 g/drink, L-carnitine 250-1000
mg/drink, and a variety of flavorings and other ingre-
dients used to increased palatability, stability, etc.
B. Powdered Beverages MCT may be prepared in
a dried form, useful for food bars and powdered bev-
erage preparations. A powdered beverage may be
formed from the following components: dried emul-
sified MCT 10-50 g, L-carnitine 250-500 mg, sucrose
8-15 g, maltodextrin 1-5 g, flavorings 0-1 g.

C. Food bar A food bar would consist of: dried emul-
sified MCT 10-50 g, L-carnitine 250-500 mg, glycerin
1-5 g, corn syrup solids 5-25 g, cocoa 2-7g, coating
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15-25 g.

D. Gelatin Capsules Hard gelatin capsules are pre-
pared using the following ingredients: MCT 0.1-1000
mg/capsule, L-carnitine 250-500 mg/capsule,
Starch, NF 0-600 mg/capsule; Starch flowable pow-
der 0-600 mg/capsule; Silicone fluid 350 centistokes
0-20 mg/capsule. The ingredients are mixed, passed
through a sieve, and filled into capsules.

E. Tablets Tablets are prepared using the following
ingredients: MCT 0.1-1000 mg/tablet; L-carnitine
250-500 mg/tablet; Microcrystalline cellulose 20-300
mg/tablet; Starch 0-50 mg/tablet; Magnesium stea-
rate or stearate acid 0-15 mg/tablet; Silicon dioxide,
fumed 0-400 mg/tablet; silicon dioxide, colloidal 0-1
mg/tablet, and lactose 0-100 mg/tablet. The ingredi-
ents are blended and compressed to form tablets.
F. Suspensions Suspensions are prepared using the
following ingredients: 0.1-1000 mg MCT; 250-500
mg L-camitine; Sodium carboxymethyl cellulose
50-700 mg/5 ml; Sodium benzoate 0-10 mg/5 mi;
Purified water 5 ml; and flavor and color agents as
needed.

G. Parenteral Solutions A parenteral composition is
prepared by stirring 1.5% by weight of MCT and L-
carnitine in 10% by volume propylene glycol and wa-
ter. The solution is made isotonic with sodium chlo-
ride and sterilized.

Claims

Use of an effective amount of medium chain triglyc-
eride for the preparation of a pharmaceutical com-
position for the treatment or prevention of loss of
cognitive function caused by reduced neuronal me-
tabolism in Alzheimer’s disease, wherein said treat-
ment or prevention comprises oral administration of
a single dose of medium chain triglyceride to a pa-
tient such that the blood level of D-beta-hydroxybu-
tyrate in the patient is raised to 1-10mM or patient
urinary excretion of D-beta-hydroxybutyrate is in the
range 5 mg/dL to 160 mg/dL causing hyperketone-
mia in the patient resulting in ketone bodies being
utilized for energy in the brain in the presence of
glucose.

Use according to claim 1, wherein the pharmaceuti-
cal composition further comprises L-carnitine or a
derivative of L-carnitine.

Use according to claim 2, wherein the pharmaceuti-
cal composition comprises a dose of medium chain
triglycerides of 0.5 g/kg/day to 10 g/kg/day and a
dose of L-carnitine or a derivative of L-carnitine of
0.5 mg/kg/day to 10 mg/kg/day.

Use according to claim 1 or 2, wherein the pharma-
ceutical composition comprises emulsified medium
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10.

chain triglycerides in an amount of between 10 g and
500 g and L-carnitine or a derivative of L-carnitine in
an amount of between 10 mg and 2000 mg.

Use according to any of the preceding claims, where-
in the pharmaceutical composition is formulated as
atablet, acapsule, alozenge, atroche, a hard candy,
a nutritional bar, a nutritional drink, a metered spray
or a cream.

Use according to any one of claims 1 to 4, wherein
the pharmaceutical composition is formulated as a
nutritional drink.

Use according to any one of claims 1 to 6 wherein
the medium chain triglyceride has the formula:

H,C-R
I .
H,C-R2

|
H,C-R3

wherein R1, R2 and R3 are fatty acids having 5-12
carbons in the carbon backbone.

Use according to claim 7 wherein R1, R2 and R3 are
fatty acids containing a six carbon backbone.

Use according to any one of claims 6 to 8 wherein
said single dose is 0.5 g/kg/day to 10 g/kg/day me-
dium chain triglyceride.

A pharmaceutical composition for use in a method
of treatment or prevention of loss of cognitive func-
tion caused by reduced neuronal metabolism in
Alzheimer’'s disease, wherein said method of treat-
ment or prevention comprises oral administration of
a single dose of medium chain triglyceride to a pa-
tient such that the blood level of D-beta-hydroxybu-
tyrate in the patient is raised to 1-10mM or patient
urinary excretion of D-beta-hydroxybutyrate is in the
range 5 mg/dL to 160 mg/dL causing hyperketone-
mia in the patient resulting in ketone bodies being
utilized for energy in the brain in the presence of
glucose.

Patentanspriiche

1.

Verwendung einer wirksamen Menge von mittelket-
tigem Triglycerid zur Herstellung einer pharmazeu-
tischen Zusammensetzung zur Behandlung oder
Pravention des Verlustes kognitiver Funktion, der
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durch reduzierten neuronalen Metabolismus beider
Alzheimer-Erkrankung hervorgerufen wird, worin die
Behandlung oder Pravention die orale Verabrei-
chung einer einzelnen Dosis eines mittelkettigen Tri-
glycerids an einen Patienten umfasst, so dass der
Blutspiegel von D-3-Hydroxybutyrat des Patienten
auf 1-10 mM ansteigt oder so dass sich die Urin-
Exkretion von D-B-Hydroxybutyrat des Patienten im
Bereich von 5 mg/dl bis 160 mg/dl befindet, wodurch
Hyperketonamie bei dem Patienten hervorgerufen
wird, was dazu flhrt, dass Ketonkdrper im Gehirn in
Gegenwart von Glukose zur Energiegewinnung ver-
wendet werden.

Verwendung nach Anspruch 1, worin die pharma-
zeutische Zusammensetzung weiters L-Carnitin
oder ein Derivat von L-Carnitin umfasst.

Verwendung nach Anspruch 2, worin die pharma-
zeutische Zusammensetzung eine Dosis mittelketti-
ger Triglyceride von 0,5 g/kg/Tag bis 10 g/kg/Tag
sowie eine Dosis L-Carnitin oder eines Derivats von
L-Carnitin von 0,5 mg/kg/Tag bis 10 mg/kg/Tag um-
fasst.

Verwendung nach Anspruch 1 oder 2, worin die
pharmazeutische Zusammensetzung emulgierte
mittelkettige Triglyceride in einer Menge zwischen
10g und 500 g und L-Carnitin oder ein Derivat von
L-Carnitin in einer Menge zwischen 10 mg und 2000
mg umfasst.

Verwendung nach einem der vorangegangenen An-
sprUche, worin die pharmazeutische Zusammenset-
zung als eine Tablette, eine Kapsel, eine Lutschta-
blette, eine Pastille, ein Bonbon, ein Nahrstoffriegel,
ein Nahrstoffgetrank, ein Dosier-Spray oder eine
Creme formuliert ist.

Verwendung hach einemder Ansprlche 1 bis 4, wor-
in die pharmazeutische Zusammensetzung als ein
Nahrstoffgetrank formuliert ist.

Verwendung nach einemder Ansprlche 1 bis 6, wor-

in das mittelkettige Triglycerid folgende Formel auf-
weist:

H.C-R1
H,C-R2

H>C-R3

worin R1, R2 und R3 Fettsduren mit 5-12 Kohlen-
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20
stoffen im Kohlenstoff-Ruckgrat sind.

Verwendung nach Anspruch 7, worin R1, R2und R3
Fettsduren sind, die ein Sechs-Kohlenstoff-Rlck-
grat enthalten.

Verwendung nach einemder Ansprliche 6 bis 8, wor-
in die Einzeldosis 0,5 g/kg/Tag bis 10 g/kg/Tag mit-
telkettiges Triglycerid betragt.

Pharmazeutische Zusammensetzung zur Verwen-
dung in einem Verfahren zur Behandlung oder Pré-
vention des Verlustes kognitiver Funktion, der durch
reduzierten neuronalen Metabolismus bei der Alz-
heimer-Erkrankung hervorgerufen wird, worin das
Behandlungs- oder Praventionsverfahren die orale
Verabreichung einer einzelnen Dosis mittelkettigen
Triglycerids an einen Patienten umfasst, so dassder
Blutspiegel von D-B-Hydroxybutyrat des Patienten
auf 1-10 mM ansteigt oder so dass sich die Urin-
Exkretion von D-B-Hydroxybutyrat des Patienten im
Bereich von 5 mg/dl bis 160 mg/dl befindet, wodurch
Hyperketonamie bei dem Patienten hervorgerufen
wird, was dazu flhrt, dass Ketonkdrper im Gehirn in
Gegenwart von Glukose zur Energiegewinnung ver-
wendet werden.

Revendications

4.

Utilisation d'une quantité efficace de triglycérides de
chaine moyenne pour la préparation d’'une compo-
sition pharmaceutique pour le traitement ou la pré-
vention de la perte de la fonction cognitive provo-
quée par un métabolisme neuronal réduit dans la
maladie de Alzheimer, ou ledit traitement ou la pré-
vention comprend I'administration orale d’'une seule
dose de triglycérides de chaine moyenne a un pa-
tient de telle sorte que le niveau sanguin du D-béta-
hydroxybutyrate dans le patient soitrelevéa 1-10mM
ou bien I'excrétion urinaire du patient de D-béta-hy-
droxybutyrate est dans la plage de 5 mg/dl a 160
mg/dl en provoquant une cétonémie a des taux pa-
thologiques dans le patient ce qui se traduit par le
fait que les corps de cétone sont utilisés pour I'éner-
gie dans le cerveau en présence de glucose.

Utilisation selon larevendication 1, ou la composition
pharmaceutique comprend en outre de la L-carnitine
Oou un dérivé de la L-carnitine.

Utilisation selon larevendication 2, ot lacomposition
pharmaceutique comprend une dose de triglycéri-
des de chaine moyenne de 0,5 g/kg/jour a 10 g/kg/
jour et une dose de L-carnitine ou un dérivé de la L-
carnitine de 0,5 mg/kg/jour a 10 mg/kg/jour.

Utilisation selon la revendication 1 ou 2, ou la com-
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position pharmaceutique comprend des triglycéri-
des émulsifiés de chaine moyenne en une quantité
entre 10 g et 500 g et de la L-carnitine ou un dérivé
de la L-carnitine en une quantité entre 10 mg et 2000
mg.

Utilisation selon I'une quelconque des revendica-
tions précédentes, ou la composition pharmaceuti-
que est formulée comme un comprimé, une capsule,
une tablette, une pastille, un bonbon dur, une barre
nutritionnelle, une boisson nutritionnelle, une pulvé-
risation dosée ou une créme.

Utilisation selon I'une quelconque des revendica-
tions 1 & 4, ou la composition pharmaceutique est
formulée comme une boisson nutritionnelle.

Utilisation selon I'une quelconque des revendica-
tions 1 a 6, ou les triglycérides de chaine moyenne
ont la formule:

H2C‘R1

H2(|:'R2
H2é"R3

ou R1, R2 et R3 sont des acides gras ayant 5-12
carbones dans I'épine dorsale du carbone.

Utilisation selon la revendication 7, ou R1,R2 et R3
sont des acides gras contenant une épine dorsale
de six carbones.

Utilisation selon I'une quelconque des revendica-
tions 6 a 8, ou ladite dose unique est de 0,5 g/kg/
jour a 10 g/kg/jour de triglycérides de chaine moyen-
ne.

Composition pharmaceutique pour utilisation dans
une méthode de traitement ou de prévention de la
perte de la fonction cognitive provoquée par un mé-
tabolisme neuronal réduit dans la maladie de Alzhei-
mer, ou ladite méthode de traitement ou de préven-
tion comprend I'administration orale d’'une seule do-
se de triglycérides de chaine moyenne a un patient
de telle sorte que le niveau sanguin de D-béta-hy-
droxybutyrate dans le patient est relevé a 1-10mM
ou I'excrétion urinaire du patientde D-bét.a-hydroxy-
butyrate est dans la plage de 5 mg/dl a 160 mg/dl
en provoquant une cétonémie a des taux pathologi-
ques dans le patient ce qui se traduit par le fait que
les corps de cétone sont utilisés pour I'énergie dans
le cerveau en présence de glucose.
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USE OF MEDIUM CHAIN TRIGLYCERIDES FOR THE
TREATMENT AND PREVENTION OF ALZHEIMER’S DISEASE
AND OTHER DISEASES RESULTING FROM REDUCED
NEURONAL METABOLISM

FIELD OF THE INVENTION
This invention relates to the field of therapeutic agents for the treatment of
Alzheimer’s Disease, and other diseases associated with reduced neuronal

metabolism.

BACKGROUND OF THE INVENTION

Alzheimer’s Disease (AD) is a progressive neurodegenerative disorder, which
primarily affects the elderly. There are two forms of AD, early-onset and late-onset.
Early-onset AD is rare, strikes susceptible individuals as early as the third decade, and
is frequently associated with mutations in a small set of genes. Late onset AD is
common, strikes in the seventh or eighth decade, and is a mutifactorial disease with
many genetic risk factors. Late-onset AD is the leading cause of dementia in persons
over the age of 65. An estimated 7-10% of the American population over 65, and up
to 40% of the American population greater than 80 years of age is afflicted with AD
(McKhann et al., 1984; Evans et al. 1989). Early in the disease, patients experience
loss of memory and orientation. As the disease progresses, additional cognitive
functions become impaired, until the patient is completely incapacitated. Many
theories have been proposed to describe the chain of events that give rise to AD, yet,
at time of this application, the cause remains unknown. Currently, no effective
prevention or treatment exists for AD. The only drugs to treat AD on the market
today, Aricept® and Cognex®, are acetylcholinesterase inhibitors. These drugs do
not address the underlying pathology of AD. They merely enhance the effectiveness
of those nerve cells still able to function. Since the disease continues, the benefits of
these treatments are slight.

Early-onset cases of AD are rare (~5%), occur before the age of 60 and are
frequently associated with mutations in three genes, presenilinl (PS1), presenilin2
(PS2) and amyloid precursor protein (APP) (for review see Selkoe, 1999). These
early-onset AD cases exhibit cognitive decline and neuropathological lesions that are
similar to those found in late-onset AD. AD is characterized by the accumulation of
neurofibrillar tangles (NFT) and B—amyloid deposits in senile plaques (SP) and

cerebral blood vessels. The main constituent of senile plaques is the B-amyloid
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peptide (AB), which is derived from the APP protein by proteolytic processing. The
presenilin proteins may facilitate the cleavage of APP. The AB peptide is
amyloidagenic and under certain conditions will form insoluble fibrils. However, the
toxicity of AB peptide and fibrils remains controversial. In some cases AB has been
shown to be neurotoxic, while others find it to be neurotrophic (for reviews see
Selkoe, 1999). The cause of early-onset AD is hypothesized to be accumulation of
aggregated proteins in susceptible neurons. Mutations in APP are hypothesized to
lead to direct accumulation of fibrillar A, while mutations in PS1 or PS2 are
proposed to lead to indirect accumulation of A3. How a variety of mutations in PS1
and PS2 lead to increased A3 accumulation has not been resolved. Accumulation of
aggregated proteins is common to many progressive neurodegenerative disorders,
including Amyloid Lateral Sclerosis (ALS) and Huntington’s disease (for review see
Koo et al., 1999). Evidence suggests that accumulation of aggregated proteins
inhibits cellular metabolism and ATP production. Consistent with this observation is
the finding that buffering the energy capacity of neurons with creatine will delay the
onset of ALS in transgenic mouse models (Klivenyi et al., 1999). Much of the prior
art on AD has focused on inhibiting production of or aggregation of A peptides; such
as U.S. Patent No. 5,817,626, U.S. Patent No. 5,854,204, and U.S. Patent No.
5,854,215. Othet prior art to treat AD include, U.S. Patent No. 5,385,915 “Treatment
of amyloidosis associated with Alzheimer disease using modulators of protein
phosphorylation”, patent U.S. Patent No. 5,538,983, “Method of treating amyloidosis
by modulation of calcium.” Attempts to increase neuronal survival by use of nerve
growth factors have dealt with either whole cell, gene or protein delivery, such as
described in U.S. Patent No. 5,650,148 “Method of grafting genetically modified cells
to treat defects. disease or damace of the central nervous svstem”. and U.S. PatentNo.
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both early and late onset AD result from accumulation of toxic amyloid deposits. The
model speculates that in early onset cases, amyloid accumulates rapidly, while in late
onset, amyloid accumulates slowly. Much of the research on prevention and
treatment of AD has focused on inhibition of amyloid accumulation. However, the
amyloid cascade hypothesis remains controversial. Amyloid deposits may be a
marker for the disease and not the cause. Translation of Dr. Alzheimer’s original
work on the neuropathology of AD, relates that he did not favor the view that senile
plaques were causative. He states "These changes are found in the basal ganglia, the
medulla, the cerebellum and the spinal cord, although there are no plaques at all in
those sites or only isolated ones. So we have to conclude that the plaques are not the
cause of senile dementia but only an accompanying feature of senile involution of the
central nervous system." The italics are his own (Davis and Chisholm, 1999). Many
years of research have not resolved this issue (for review of amyloid hypothesis see
Selkoe, 1999, for counter argument see Neve et al., 1998). Since the present
invention addresses the decreased neuronal metabolism associated with AD, it does
not rely on the validity of the amyloid cascade hypothesis.

Several genetic risk factors have been proposed to contribute to the
susceptibility to late-onset AD. However, only allelic variation in the lipid transport
molecule apolipoprotein E (apoE) has been reproducibly defined as a genetic risk
factor for late onset AD. ApoE functions as a ligand in the process of receptor
mediated internalization of lipid-rich lipoproteins. These lipoprotein complexes
contain phosopholipids, triglycerides, cholesterol and lipoproteins. Several well-
characterized allelic variations exist at the apoE locus, and are referred to as apoE2,
E3 and E4. ApoE4 is associated with an increased risk of AD, while apoE2 and E3
are not. Increasing the dosage of the E4 allele increases the risk of AD, and lowers
the age of onset. However, apoE4 is not an invariant cause of AD. Some individuals,
who are homozygous for the E4 allele, do not show AD symptoms even into the ninth
decade (Beffert et al., 1998).

A prediction of the observation that apoE4 is associated with AD is that
populations with a high prevalence of the E4 allele would also have a high incidence
of AD. Yet, the opposite appears to be true. Geographically distinct populations have
differing frequencies of apoE alleles. For example, the E4 variant is much more

common in Africa versus the UK. In a study of black South Africans and Caucasians
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from Cambridge England, the apoE4 allele was present in 48% of Black South
Africans compared to 20.8% of Caucasians (Loktionov et al, 1999). In fact, the E4
allele is widespread throughout Africa (Zekraoui et al, 1997). Studies on AD are
difficult to do in developing countries, but the studies that have been done show a
very low incidence of AD in African communities, 1% versus 6% in US populations
(Hall et al, 1998). Even more striking is that the normally robust association between
AD and apoE4 is absent in African cases (Osuntokun et al, 1995). This suggests that
something is different between native Africans, and US citizens, who are largely of
European descent. Perhaps the African populations have some other genetic factor
that protects them from AD. This is unlikely, since the incidence of AD in a
population of African-Americans from Indianapolis, Indiana USA (6.24%) was found
to be much higher than an ethnically similar population in Ibadan, Nigeria (1.4%)
(Hall et al, 1998). This suggests that the link between apoE4 and AD has some strong
environmental component.

ApoE4 is the ancestral allele, it is most similar to the apoE found in
chimpanzees and other primates, while the E2 and E3 alleles arose exclusively in the
human lineage, (Hanlon and Rubinsztein, 1995). The changes in apoE were probably
brought about by a change in diet in ancestral humans. The E2 and E3 alleles may
have arisen in popuiations as an adaptation to agriculture (Corbo and Scacchi, 1999).

The metabolism of apoE4 in human circulation is different from the non-AD
associated apoE3 allele (Gregg et al., 1986). The E4 allele is associated with
unusually high levels of circulating lipoproteins (Gregg et al., 1986). In particular,
the E4 allele results in decreased rates of VLDL clearance, which leads to higher
levels of VLDL and LDL particles in the blood (Knouff, et al. 1999). VLDL and
LDL particles contain higher levels of triglycerides than HDL particles. The increased
levels of circulating VLDL in individuals carrying apoE4 is due to decreased fatty
acid utilization caused by preferential binding of apoE4 to chylomicron and VLDL
particles. Prior art has suggested that apoE4 contributes to AD due to inefficient
delivery of phospholipids to neurons (for review see Beffert et al., 1998). Yet, apoE4
also contributes to decreased triglyceride usage.

In the central nervous system (CNS), apoE plays a central role in the
transportation and redistribution of cholesterol and lipids. The importance of apoE in

the brain is highlighted by the absence of other key plasma apolipoproteins such as
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apoA1 and apoB in the brain (Roheim et al., 1979). ApoE mRNA is found
predominantly in astrocytes in the CNS. Astrocytes function as neuronal support cells
and can efficiently utilize fatty acids for energy. Since the brain lacks other
apolipoproteins, it is uniquely dependent on apoE for lipid transport, including
triglycerides. While prior art on apoE’s role in AD has focused on phospholipid
transport, apoE also delivers free fatty acids in the form of triglycerides to astrocytes.
Fatty acids delivered by lipoproteins can be converted to ketone bodies by astrocytes
for use as an alternative energy source to glucose. An alternative to the neuronal
remodeling hypothesis, is that the preferential binding of apoE4 to VLDL particles
prevents efficient astrocyte access to triglycerides. Decreased access to triglycerides
results in decreased availability of fatty acids and decreased production of ketone
bodies, and hence a decreased alternative energy source for cerebral neurons. This
reduction in energy supplies may become critical when glucose metabolism in
compromised.

Metabolism and Alzheimer’s Disease At the time of this application, the
cause of AD remains unknown, yet a large body of evidence has made it clear that
Alzheimer’s Disease is associated with decreased neuronal metabolism. In 1984,
Blass and Zemcov proposed that AD results from a decreased metabolic rate in sub-
populations of cholinergic neurons. However, it has become clear that AD is not
restricted to cholinergic systems, but involves many types of transmitter systems, and
several discrete brain regions. Positron-emission tomography has revealed poor
glucose utilization in the brains of AD patients, and this disturbed metabolism can be
detected well before clinical signs of dementia occur (Reiman et al., 1996; Messier
and Gagnon, 1996; Hoyer, 1998). Additionally, certain populations of cells, such as
somatostatin cells of the cortex in AD brain are smaller, and have reduced Golgi
apparatus; both indicating decreased metabolic activity (for review see Swaab et al.
1998). Measurements of the cerebral metabolic rates in healthy versus AD patients
demonstrated a 20-40% reduction in glucose metabolism in AD patients (Hoyer,
1992). Reduced glucose metabolism results in critically low levels of ATP in AD
patients. Also, the severity of decreased metabolism was found to correlate with
senile plaque density (Meier-Ruge, et al. 1994).

Additionally, molecular components of insulin signaling and glucose

utilization are impaired in AD patients. Glucose is transported across the blood brain
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barrier and is used as a major fuel source in the adult brain. Consistent with the high
level of glucose utilization, the brains of mammals are well supplied with receptors
for insulin and IGF, especially in the areas of the cortex and hippocampus, which are
important for learning and memory (Frolich et al., 1998). In patients diagnosed with
AD, increased densities of insulin receptor were observed in many brain regions, yet
the level of tyrosine kinase activity that normally is associated with the insulin
receptor was decreased, both relative to age-matched controls (Frolich et al., 1998).
The increased density of receptors represents up-regulation of receptor levels to
compensate for decreased receptor activity. Activation of the insulin receptor is
known to stimulate phosphatidylinositol-3 kinase (PI3K). PI3K activity is reduced in
AD patients (Jolles et al., 1992; Zubenko et al., 1999). Furthermore, the density of
the major glucose transporters in the brain, GLUT1 and GLUT3 were found to be
50% of age matched controls (Simpson and Davies 1994). The disturbed glucose
metabolism in AD has led to the suggestion that AD may be a form of insulin
resistance in the brain, similar to type IT diabetes (Hoyer, 1998). Inhibition of insulin
receptor activity can be exogenously induced in the brains of rats by
intracerebroventricular injection of streptozotocin, a known inhibitor of the insulin
receptor. These animals develop progressive defects in learning and memory
(Lannert and Hoyer, 1998). While glucose utilization is impaired in brains of AD
patients, use of the ketone bodies, beta-hydroxybutyrate and acteoacetate is unaffected
(Ogawa et al. 1996).

The cause of decreased neuronal metabolism in AD remains unknown. Yet,
aging may exacerbate the decreased glucose metabolism in AD. Insulin stimulation
of glucose uptake is impaired in the elderly,‘leading to decreased insulin action and
increased insulin resistance (for review see Finch and Cohen, 1997). For example,
after a glucose load, mean plasma glucose is 10-30% higher in those over 65 than in
younger subjects. Hence, genetic risk factors for AD may result in slightly
compromised neuronal metabolism in the brain. These defects would only become
apparent later in life when glucose metabolism becomes impaired, and thereby
contribute to the development of AD. Since the defects in glucose utilization are
limited to the brain in AD, the liver is “unaware” of the state of the brain and does not

mobilize fatty acids (see Brain Metabolism section below). Without ketone bodies to
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use as an energy source, the neurons of the AD patient brain slowly and inexorably
starve to death.

Attempts to compensate for reduced cerebral metabolic rates in AD patients
has met with some success. Treatment of AD patients with high doses of glucose and
insulin increases cognitive scores (Craft et al., 1996). However, since insulin is a
polypeptide and must be transported across the blood brain barrier, delivery to the
brain is complicated. Therefore, insulin is administered systemically. Large dose of
insulin in the blood stream can lead to hyperinsulinemia, which will cause
irregularities in other tissues. Both of these shortcomings make this type of therapy
difficult and rife with complications. Accordingly, there remains a need for an agent
that may increase the cerebral metabolic rate and subsequently the cognitive abilities
of a patient suffering from Alzheimer's disease.

Brain Metabolism The brain has a very high metabolic rate. For example, it
uses 20 percent of the total oxygen consumed in a resting state. Large amounts of
ATP are required by neurons of the brain for general cellular functions, maintenance
of an electric potential, synthesis of neurotransmitters and synaptic remodeling.
Current models propose that under normal physiologic conditions, neurons of the
adult human brain depend solely on glucose for energy. Since neurons lack glycogen
stores, the brain depends on a continuous supply of glucose from the blood for proper
function. Neurons are very specialized and can only efficiently metabolize a few
substrates, such as glucose and ketone bodies. This limited metabolic ability makes
brain neurons especially vulnerable to changes in energy substrates. Hence, sudden
interruption of glucose delivery to the brain results in neuronal damage. Yet, if
glucose levels drop gradually, such as during fasting, neurons will begin to metabolize
ketone bodies instead of glucose and no neuronal damage will occur.

Neuronal support cells, glial cells, are much more metabolically diverse and
can metabolize many substrates, in particular, glial cells are able to utilize fatty acids
for cellular respiration. Neurons of the brain cannot efficiently oxidize fatty acids and
hence rely on other cells, such as liver cells and astrocytes to oxidize fatty acids and
produce ketone bodies. Ketone bodies are produced from the incomplete oxidation of
fatty acids and are used to distribute energy throughout the body when glucose levels

are low. In a normal Western diet, rich in carbohydrates, insulin levels are high and
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fatty acids are not utilized for fuel, hence blood ketone body levels are very low, and
fat is stored and not used. Such a scenario explains the prevalence of obesity.
Current models propose that only during special states, such as neonatal
development and periods of starvation, will the brain utilize ketone bodies for fuel.
The partial oxidation of fatty acids gives rise to D-beta-hydroxybutyrate (ID-3-
hydroxybutyrate) and acetoacetate, which together with acetone are collectively called
ketone bodies. Neonatal mammals are dependent upon milk for development. The
major carbon source in milk is fat (carbohydrates make up less then 12% of the
caloric content of milk). The fatty acids in milk are oxidized to give rise to ketone
bodies, which then diffuse into the blood to provide an energy source for
development. Numerous studies have shown that the preferred substrates for
respiration in the developing mammalian neonatal brain are ketone bodies. Consistent
with this observation is the biochemical finding that astrocytes, oligodendrocytes and
neurons all have capacity for efficient ketone body metabolism (for review see
Edmond, 1992). Yet only astrocytes are capable of efficient oxidation of fatty acids.
The body normally produces small amounts of ketone bodies. However,
because they are rapidly utilized, the concentration of ketone bodies in the blood is
very low. Blood ketone body concentrations rise on a low carbohydrate diet, during
periods of fasting, and in diabetics. In a low carbohydrate diet, blood glucose levels
are low, and pancreatic insulin secretion is not stimulated. This triggers the oxidation
of fatty acids for use as a fuel source when glucose is limiting. Similarly, during
fasting or starvation, liver glycogen stores are Quickly depleted, and fat is mobilized
in the form of ketone bodies. Since both a low carbohydrate diet and fasting do not
result in a rapid drop of blood glucose levels, the body has time to increase blood
ketone levels. The rise in blood ketone bodies provides the brain with an alternative
fuel source, and no cellular damage occurs. Since the brain has such high energy
demands, the liver oxidizes large amounts of fatty acids until the body becomes
literally saturated in ketone bodies. Therefore, when an insufficient source of ketone
bodies is coupled with poor glucose utilization severe damage to neurons results.
Since glial cells are able to utilize a large variety of substrates they are less
susceptible to defects in glucose metabolism than are neurons. This is consistent with

the observation that glial cells do not degenerate and die in AD (Mattson, 1998).
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As discussed in the Metabolism and Alzheimer’s Disease section, in AD,
neurons of the brain are unable to utilize glucose and begin to starve to death. Since
the defects are limited to the brain and peripheral glucose metabolism is normal, the
body does not increase production of ketone bodies, therefore neurons of the brain
slowly starve to death. Accordingly, there remains a need for an energy source for
brain cells that exhibit compromised glucose metabolism in AD patients.
Compromised glucose metabolism is a hallmark of AD; hence administration of such
an agent will prove beneficial to those suffering from AD.

Medium Chain Triglycerides (MCT) The metabolism of MCT differs from
the more common long chain triglycerides (LCT) due to the physical properties of
MCT and their corresponding medium chain fatty acids (MCFA). Due to the short
chain length of MCFA, they have lower melting temperatures, for example the
melting point of MCFA (C8:0) is 16.7 °C, compared with 61.1 °C for the LCFA
(C16:0). Hence, MCT and MCFA are liquid at room temperature. MCT are highly
ionized at physiological pH, thus they have much greater solubility in aqueous
solutions than LCT. The enhanced solubility and small size of MCT also increases
the rate at which fine emulsion particles are formed. These small emulsion particles
create increased surface area for action by gastrointestinal lipases. Additionally,
medium chain 2-monoglycerides isomerize more rapidly than those of long chain
length, allowing for more rapid hydrolysis. Some lipases in the pre-duodenum
preferentially hydrolyze MCT to MCFA, which are then partly absorbed directly by
stomach mucosa (Hamosh, 1990). Those MCFA which are not absorbed in the
stomach, are absorbed directly into the portal vein and not packaged into lipoproteins.
LCFA are packaged in chylomicrons and transported via the lymph system, while
MCFA are transported via the blood. Since blood transports much more rapidly than
lymph, the liver is quickly perfused with MCFA.

In the liver the major metabolic fate of MCFA is oxidation. The fate of LCFA
in the liver is dependent on the metabolic state of the organism. LCFA are
transported into the mitochondria for oxidation using carnitine palmitoyltransferase 1.
When conditions favor fat storage, malonyl-CoA is produced as an intermediate in
lipogenesis. Malonyl-CoA allosterically inhibits carnitine palmitoyltransferase I, and
thereby inhibits LCFA transport into the mitochondria. This feedback mechanism
prevents futile cycles of lipolysis and lipogenesis. MCFA are, to large extent,
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immune to the regulations that control the oxidation of LCFA. MCFA enter the
mitochondria largely without the use of carnitine palmitoyltransferase I, therefore
MCFA by-pass this regulatory step and are oxidized regardless of the metabolic state
of the organism. Importantly, since MCFA enter the liver rapidly and are quickly
oxidized, large amounts of ketone bodies are readily produced from MCFA.
Numerous patents relate to use of MCT. None of these patents relate to the
specific use of MCT for treatment and prevention of Alzheimer’s Disease. Patents
such as U.S. Patent No. 4,528,197 “Controlled triglyceride nutrition for
hypercatabolic mammals” and U.S. Patent No. 4,847,296 “Triglyceride preparations
for the prevention of catabolism™ relate to the use of MCT to prevent body-wide
catabolism that occurs in burns and other serious injuries. Each patent described

herein is incorporated by reference herein in its entirety.

SUMMARY OF THE INVENTION

The present invention provides a method of treating or preventing dementia of
Alzheimer’s type, or other loss of cognitive function caused by reduced neuronal
metabolism, comprising administering an effective amount of medium chain
triglycerides to a patient in need thereof. Administration may be oral or intravenous.
The medium chain triglycerides may be emulsified, and may be coadministered with
L-carnitine or a derivative of L-carnitine.

The present invention also provides a method of treating or preventing
dementia of Alzheimer’s type, or other loss of cognitive function caused by reduced
neuronal metabolism, comprising administering an effective amount of free fatty
acids derived from medium chain triglycerides to a patient in need thereof.

The present invention also provides a method of treating or preventing
dementia of Alzheimer’s type, or other loss of cognitive function caused by reduced
neuronal metabolism, comprising administering an effective amount of a medium
chain triglyceride prodrug to a patient in need thereof.

The present invention also provides a method of treating or preventing
dementia of Alzheimer’s type, or other loss of cognitive function caused by reduced
neuronal metabolism, comprising administering an effective amount of a therapeutic
agent which induces utilization of fatty acids and development of ketosis to a patient

in need thereof.
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The present invention further provides therapeutic agents for the treatment or
prevention of dementia of Alzheimer’s type, or other loss of cognitive function caused

by reduced neuronal metabolism.

DETAILED DESCRIPTION OF THE INVENTION

It is the novel insight of this invention that medium chain triglycerideé (MCT)
and their associated fatty acids are useful as a treatment and preventative measure for
AD patients. MCT are composed of fatty acids with chain lengths of between 5-12
carbons. A diet rich in MCT results in high blood ketone levels. High blood ketone
levels will provide an energy source for brain cells that have compromised glucose
metabolism via the rapid oxidation of MCFA to ketone bodies.

The background of this invention supports the present invention in the
following ways. (1) Neurons of the brain can use both glucose and ketone bodies for
respiration. (2) The neurons of Alzheimer’s Disease patients have well documented
defects in glucose metabolism. (3) Known genetic risk factors for Alzheimer’s
Disease are associated with lipid and cholesterol transport, suggesting defects in
triglyceride usage may underlie susceptibility to Alzheimer’s Disease. (4) A diet rich
in MCT will lead to increased levels of blood ketone bodies and thereby provide
energy to starving brain neurons. Hence, supplementation of Alzheimer’s Disease
patients with MCT will restore neuronal metabolism.

The present invention provides a method of treating or preventing dementia of
Alzheimer’s type, or other loss of cognitive function caused by reduced neuronal
metabolism, comprising administering an effective amount of medium chain
triglycerides to a patient in need thereof. Generally, an effective amount is an amount
effective to either (1) reduce the symptoms of the disease sought to be treated or (2)
induce a pharmacological change relevant to treating the disease sought to be treated.
For Alzheimer’s Disease, an effective amount includes an amount effective to:
increase cognitive scores; slow the progression of dementia; or increase the life
expectancy of the affected patient. As used herein, medium chain triglycerides of this
invention are represented by the following formula:

H,C-R1
I
H,C-R2

l
H,C-R3
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wherein R1, R2 and R3 are fatty acids having 5-12 carbons in the carbon backbone.
The structured lipids of this invention may be prepared by any process known in the
art, such as direct esterification, rearrangement, fractionation, transesterification, or
the like. For example the lipids may be prepared by the rearrangement of a vegetable
oil such as coconut oil.

In a preferred embodiment, the method comprises the use of MCTs wherein
R1, R2, and R3 are fatty acids containing a six-carbon backbone (tri-C6:0). Tri-C6:0
MCT are absorbed very rapidly by the gastrointestinal track in a number of model
systems (Odle 1997). The high rate of absorption results in rapid perfusion of the
liver, and a potent ketogenic response. Additionally, utilization of tri-C6:0 MCT can
be increased by emulsification. Emulsification of lipids increases the surface area for
action by lipases, resulting in more rapid hydrolysis. Methods for emulsification of
these triglycerides are well known to those skilled in the art.

In another preferred embodiment, the invention provides a method of treating
or preventing dementia of Alzheimer’s type, or other loss of cognitive function caused
by reduced neuronal metabolism, comprising administering an effective amount of
free fatty acids, which may be derived from medium chain triglycerides, to a patient
in need thereof. Such fatty acids are referred to herein as free medium chain fatty
acids, or free fatty acids. Because MCT are metabolized to produce medium chain
fatty acids, which are oxidized, the administration of free fatty acids and/or ketone
bodies have the same effect as the administration of MCT themselves.

In another preferred embodiment, the invention comprises the
coadministration of emulsified tri-C6:0 MCT and L-carnitine or a derivative of L-
carnitine. Slight increases in MCFA oxidation have been noted when MCT are
combined with L-carnitine (Odle, 1997). Thus in the present invention emulsified tri-
C6:0 MCT are combined with L-carnitine at doses required to increase the utilization
of said MCT. The dosage of L-carnitine and MCT will vary according to the
condition of the host, method of delivery, and other factors known to those skilled in
the art, and will be of sufficient quantity to raise blood ketone levels to a degree
required to treat and prevent Alzheimer’s Disease. Derivatives of L-carnitine which
may be used in the present invention include but are not limited to decanoylcarnitine,

hexanoylcarnitine, caproylcarnitine, lauroylcarnitine, octanoylcarnitine,
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stearoylcarnitine, myristoylcarnitine, acetyl-L-carnitine, O-Acetyl-L-carnitine, and
palmitoyl-L-carnitine.

Therapeutically effective amounts of the therapeutic agents can be any amount
or dose sufficient to bring about the desired anti-dementia effect and depend, in part,
on the severity and stage of the condition, the size and condition of the patient, as well
as other factors readily known to those skilled in the art. The dosages can be given as
a single dose, or as several doses, for example, divided over the course of several
weeks.

In one embodiment, the MCT's or fatty acids are administered orally. In
another embodiment, the MCT's are administered intravenously. Oral administration
of MCT'"s and preparations intravenous MCT solutions are well known to those skilled
in the art.

Oral and intravenous administration of MCT or fatty acids result in
hyperketonemia. Hyperketonemia results in ketone bodies being utilized for energy
in the brain even in the presence of glucose. Additionally, hyperketonemia results in
a substantial (39%) increase in cerebral blood flow (Hasselbalch et al. 1996).
Hyperketonemia has been reported to reduce cognitive dysfunction associated with
systemic hypoglycemia in normal humans (Veneman et al. 1994). Please note that
systemic hypoglycemia is distinct from the local defects in glucose metabolism that
occur in AD. In another embodiment, the invention provides the subject compounds
in the form of one or more prodrugs, which can be metabolically converted to the
subject compounds by the recipient host. As used herein, a prodrug is a compound
that exhibits pharmacological activity after undergoing a chemical transformation in
the body. The said prodrugs will be administered in a dosage required to increase
blood ketone bodies to a level required to treat and prevent the occurrence of
Alzheimer’s Disease. A wide variety of prodrug formulations are known in the art.
For example, prodrug bonds may be hydrolyzable, such as esters or anhydrides, or
enzymatically biodegradable, such as amides.

This invention also provides a therapeutic agent for the treatment or
prevention of dementia of Alzheimer’s type, or other loss of cognitive function caused
by reduced neuronal metabolism, comprising medium chain triglycerides. In a
preferred embodiment, the therapeutic agent is provided in administratively

convenient formulations of the compositions including dosage units incorporated into
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a variety of containers. Dosages of the MCT are preferably administered in an
effective amount, in order to produce ketone body concentrations sufficient to
increase the cognitive ability of patients afflicted with AD or other states of reduced
neuronal metabolism. For example, for the ketone body D-beta-hydroxybutyrate,
blood levels are raised to about 1-10 mM or as measured by urinary excretion in the
range of about 5 mg/dL to about 160 mg/dL, although variations will necessarily
occur depending on the formulation and host, for example. Effective amount dosages
of other MCTs will be apparent to those skilled in the art. Convenient unit dosage
containers and/or formulations include tablets, capsules, lozenges, troches, hard
candies, nutritional bars, nutritional drinks, metered sprays, creams, and suppositories,
among others. The compositions may be combined with a pharmaceutically
acceptable excipient such as gelatin, an oil, and/or other pharmaceutically active
agent(s). For example, the compositions may be advantageously combined and/or
used in combination with other therapeutic or prophylactic agents, different from the
subject compounds. In many instances, administration in conjunction with the subject
compositions enhances the efficacy of such agents. For example, the compounds may
be advantageously used in conjunction with antioxidants, compounds that enhance the
efficiency of glucose utilization, and mixtures thereof, (see e.g. Goodman et al. 1996).

In a preferred embodiment the human subject is intravenously infused with
MCT, MCFA (medium chain fatty acids) and/or ketone bodies directly, to a level
required to treat and prevent the occurrence of Alzheimer’s Disease. Preparation of
intravenous lipid, and ketone body solutions is well known to those skilled in the art.

In a preferred embodiment, the invention provides a formulation comprising a
mixture of MCT and carnitine to provide elevated blood ketone levels. The nature of
such formulations will depend on the duration and route of administration. Such
formulations will be in the range of 0.5 g/kg/day to 10 g/kg/day of MCT and 0.5
mg/kg/day to 10 mg/kg/day of carnitine or its derivatives,. Variations will necessarily
occur depending on the formulation and/or host, for example.

A particularly preferred formulation comprises a range of 10-500 g of
emulsified MCT combined with 10-2000 mg of carnitine. An even more preferred
formulation comprises 50 g MCT (95% triC8:0) emulsified with 50 g of mono- and
di-glycerides combined with 500 mg of L-carnitine. Such a formulation is well

tolerated and induces hyperketonemia for 3-4 hours in healthy human subjects.
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In another embodiment, the invention provides the recipient with a therapeutic
agent which enhances endogenous fatty acid metabolism by the recipient. The said
therapeutic agent will be administered in a dosage required to increase blood ketone
bodies to a level required to treat and prevent the occurrence of Alzheimer’s Disease.
Ketone bodies are produced continuously by oxidation of fatty acids in tissues that are
capable of such oxidation. The major organ for fatty acid oxidation is the liver.
Under normal physiological conditions ketone bodies are rapidly utilized and cleared
from the blood. Under some conditions, such as starvation or low carbohydrate diet,
ketone bodies are produced in excess and accumulate in the blood stream.
Compounds that mimic the effect of increasing oxidation of fatty acids will raise
ketone body concentration to a level to provide an alternative energy source for
neuronal cells with compromised metabolism. Since the efficacy of such compounds
derives from their ability to increase fatty acid utilization and raise blood ketone body
concentration they are dependent on the embodiments of the present invention.

From the description above, a number of advantages of the invention for
treating and preventing Alzheimer’s Disease become evident:

(a) Prior art on AD has largely focused on prevention and clearance of amyloid
deposits. The role of these amyloid deposits in AD remains controversial and
may only be a marker for some other pathology. The present invention
provides a novel route for treatment and prevention of AD based on alleviating
the reduced neuronal metabolism associated with AD, and not with aspects of
amyloid accumulation.

(b) Current treatments for AD are merely palliative and do not address the
reduced neuronal metabolism associated with AD. Ingestion of medium chain
triglycerides as a nutritional supplement is a simple method to provide
neuronal cells, in which glucose metabolism is compromised, with ketone
bodies as a metabolic substrate.

(c) Increase blood levels of ketone bodies can be achieved by a diet rich in
medium chain triglycerides.

(d) Medium chain triglycerides can be infused intravenously into patients.

(e) Levels of ketone bodies can be easily measured in urine or blood by

commercially available products (i.e. Ketostix®, Bayer, Inc.).
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Accordingly, the reader will see that the use of medium chain triglycerides
(MCT) or fatty acids as a treatment and preventative measure of Alzheimer’s Disease
(AD) provides a novel means of alleviating reduced neuronal metabolism associated
with AD. It is the novel and significant insight of the present invention that use of
MCT results in hyperketonemia which will provide increased neuronal metabolism
for diseases associated with reduced neuronal metabolism, such as AD, ALS,
Parkinson’s Disease and Huntington’s Disease. Although the description above
contains many specificities, these should not be construed as limiting the scope of the
invention but merely as providing illustrations for some of the presently preferred
embodiments of this invention. For example, supplementation with MCT may prove
more effective when combined with insulin sensitizing agents such as vanadyl sulfate,
chromium picolinate, and vitamin E. Such agents may function to increase glucose
utilization in compromised neurons and work synergistically with hyperketonemia. In
another example MCT can be combined with compounds that increase the rates of
fatty acid utilization such as L-carnitine and its derivatives. Mixtures of such
compounds may synergistically increase levels of circulating ketone bodies.

Thus the scope of the invention should be determined by the appended claims

and their legal equivalents, rather than by the examples given.
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EXAMPLES
The following example is offered by way of illustration and not by way of

limitation.

Example 1: Nutritional drink
Nutritional drinks are prepared using the following ingredients: emulsified

MCT 100 gr/drink, L-carnitine 1gram/drink, mix of daily vitamins at recommended

daily levels, and a variety of flavorings.

Example 2: Additional formulations

Additional formulations can be in the form of Ready to Drink Beverage,
Powdered Beverages, Nutritional drinks, Food Bars, and the like. Formulations for
such are clear to those skilled in the art.

A. Ready to Drink Beverage Ready to Drink Beverages are prepared using
the following ingredients: emulsified MCT 5-100 g/drink, L-carnitine 250-1000

mg/drink, and a variety of flavorings and other ingredients used to increased
palatability, stability, etc.
B. Powdered Beverages MCT may be prepared in a dried form, useful for

food bars and powdered beverage preparations. A powdered beverage may be formed
from the following components: dried emulsified MCT 10-50 g, L-carnitine 250-500

mg, sucrose 8-15 g, maltodextrin 1-5 g, flavorings 0-1 g.

RIMFROST EXHIBIT 1024 page 2172



10

15

20

WO 01/82928

PCT/US01/13955
21

C. Food bar A food bar would consist of: dried emulsified MCT 10-50 g, L-
carnitine 250-500 mg, glycerin 1-5 g, corn syrup solids 5-25 g, cocoa 2-7g, coating
15-25 ¢.

D. Gelatin Capsules Hard gelatin capsules are prepared using the following
ingredients: MCT 0.1-1000 mg/capsule, IL.-carnitine 250-500 mg/capsule, Starch, NF
0-600 mg/capsule; Starch flowable powder 0-600 mg/capsule; Silicone fluid 350
centistokes 0-20 mg/capsule. The ingredients are mixed, passed through a sieve, and
filled into capsules.

E. Tablets Tablets are prepared using the following ingredients: MCT 0.1-
1000 mg/tablet; L-carnitine 250-500 mg/tablet; Microcrystalline cellulose 20-300
mg/tablet; Starch 0-50 mg/tablet; Magnesium stearate or stearate acid 0-15 mg/tablet;
Silicon dioxide, fumed 0-400 mg/tablet; silicon dioxide, colloidal 0-1 mg/tablet, and
lactose 0-100 mg/tablet. The ingredients are blended and compressed to form tablets.

F. Suspensions Suspensions are prepared using the following ingredients:
0.1-1000 mg MCT; 250-500 mg L-carnitine; Sodium carboxymethyl cellulose 50-700

mg/5 ml; Sodium benzoate 0-10 mg/5 ml; Purified water 5 ml; and flavor and color
agents as needed.

G. Parenteral Solutions A parenteral composition is prepared by stirring 1.5%

by weight of MCT and L-carnitine in 10% by volume propylene glycol and water.

The solution is made isotonic with sodium chloride and sterilized.
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CLAIMS
What is claimed is:
1. A method of treating or preventing dementia of Alzheimer’s type, or

other loss of cognitive function caused by reduced neuronal metabolism, comprising
administering an effective amount of medium chain triglycerides to a patient in need

thereof.

2. The method of Claim 1, wherein said administration is oral.
3. The method of Claim 1, wherein said administration is intravenous.
4. The method Claim 1, wherein said medium chain triglycerides are

administered medium chain triglycerides are administered at a dose of about 0.5

g/kg/day to about 10 g/kg/day.

5. The method of claim 1, further comprising coadministering L-carnitine

or a derivative of L-carnitine.

6. The method Claim 5, wherein said administration is oral, and said
medium chain triglycerides are administered at a dose of about 0.5 g/kg/day to about
10 g/kg/day and said L-carnitine or said derivative of L-carnitine is administered at a

dose of about 0.5 mg/kg/day to about 10 mg/kg/day.

7. The method of Claim 1, wherein said medium chain triglycerides are
emulsified.
8. The method of claim 7, further comprising coadministering L-camitine

or a derivative of L-carnitine.

9. The method of Claim 8, wherein said emulsified medium chain

triglycerides and L-carnitine or a derivative of L-carnitine are administered in a
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formulation comprising 10-500 g emulsified medium chain triglycerides and 10-2000

mg L-carnitine or derivative of L-carnitine.

10. A method of treating or preventing dementia of Alzheimer’s type, or
other loss of cognitive function caused by reduced neuronal metabolism, comprising

administering an effective amount of free medium chain fatty acids.

11. A method of treating or preventing dementia of Alzheimer’s type, or
other loss of cognitive function caused by reduced neuronal metabolism, comprising
administering an effective amount of a medium chain triglyceride prodrug to a patient

in need thereof.

12. A method of treating or preventing dementia of Alzheimer’s type, or
other loss of cognitive function caused by reduced neuronal metabolism, comprising
administering an effective amount of a therapeutic agent which induces utilization of

fatty acids and development of ketosis to a patient in need thereof.

13. A method of treating or preventing dementia of Alzheimer’s type, or
other loss of cognitive function caused by reduced neuronal metabolism, comprising
coadministering an effective amount of an agent selected from the group consisting of
medium chain triglycerides, medium chain fatty acids, and ketone bodies, and L-

carnitine or a derivative of L-carnitine to a patient in need thereof.

14. The method of Claim 13, wherein said coadministration is intravenous,
and said agent selected from the group consisting of medium chain triglycerides,
medium chain fatty acids, and ketone bodies is administered at a dose of about 0.5
g/kg/day to about 10 g/kg/day and said L-carnitine or said derivative of L-carnitine is
administered at a dose of about 0.5 mg/kg/day to about 10 mg/kg/day.

15. The method of Claim 13, wherein said agent selected from the group
consisting of medium chain triglycerides, medium chain fatty acids, and ketone

bodies and L-carnitine or a derivative of L-carnitine are administered in a formulation
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comprising 10-500 g of said agent and 10-2000 mg L-carnitine or derivative of L-

carnitine.

16. A therapeutic agent for the treatment of prevention or dementia of
Alzheimer’s type, or other loss of cognitive function caused by reduced neuronal

metabolism comprising medium chain triglycerides.

17. A therapeutic agent for the treatment of prevention or dementia of
Alzheimer’s type, or other loss of cognitive function caused by reduced neuronal

metabolism comprising free fatty acids derived from medium chain triglycerides .

18. A therapeutic agent for the treatment of prevention or dementia of
Alzheimer’s type, or other loss of cognitive function caused by reduced neuronal

metabolism comprising a medium chain triglyceride prodrug.

19. A therapeutic agent for the treatment of prevention or dementia of
Alzheimer’s type, or other loss of cognitive function caused by reduced neuronal
metabolism comprising an agent which induces utilization of fatty acids and

development of ketosis to a patient in need thereof.
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T IR RUVBOTSRBREBER oz b, BEEBRESE
B I TWiphol,

BEDBEBMRIZCT IXF FUrBEZAATIREAPVWS O RENT
Wb, KFBF6-256179 5 AMEEH O EHFEmM LA X, 1,2-V7
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3

RIMFROST EXHIBIT 1024 page 2182



WO 03/013497 PCT/JP02/00671

BELTH VYT IVFVERETIFRUVBORAEDLDERRI LT
Do L L7Z2Rnb, BREMT v VTOEBRERBRALLTTRLT
WLSEbLDOD, REBRAWMITHLTNI3r A TH - T, A T33mEICHH
BTy FD1IAEBFAMTIEHLy AICHEYT2) 724612 »iE
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LI EEOHETCHER I N TWS (Katznan, R. and Terry, R., T
he Neurology of Aging, F.A. Davis, Philadelphia, pp.15-50)

MEEZZNAERSNVIEFEMABREINDO RS L. KRB (sens
ory memory) . 1 KREE (primary memory) B XU 2 KiCE (seco
ndary memory) W HFEEI N5, 1 KREEIXEIFEEIE (innediate me
mory) . 2 REEBIIEHEE (long-term memory) & FEEI B Z &
bbb, MHEE (short-term memory) X 1 KD E ST HA L
S2KREBROLBELER - LBZFENESTHERD S, BREFRERIXS0
RVPEBRERNBEITOIRRATIRDLLLERIND B, TEOLODTARE
ETHF2250~500 URBICHIZHERLTLE >, 1 RERILFR
RBHMBBEINIBHCEFREIW2 bR, FEFERLE (vork
ing memory) & LTCO®REEZFT L, 1 REEWE LTLHEREEITL
BFRI2REB~LEXIARYMKF SN EE, B 1RERERE
BTHEIND, 1REBOEEZTLTAT, BIERERLBEBLES
NAEWRY20~30 CTHEERT S, 2REETIKREEBCLEINE
B oEmE (transfer) & FEEMIE (consolidation) . Z Dk
AE 72 Br i (storage) . I B ENDHELE (retrieval) D& BFE
X025, TO2REERIMBICHFE--THDHLDSILIEESND,
CO2KREBOETRELLTERBOHBEEI TORBOREILLD
HLDT, BEVWEPLEREN TCWAEREBEOHARE HICEAL T, &L
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ML ERTLOTCHo T, BRBOBERSHLER 1 KRIEBLL 2 K
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L7eBN->T, MEBREOCETICERT2ERD D WIXEREEZ T L
. EDHDRKEFRESRL, BEEA, EHRRERAER~OHARRENK
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ZE B D B
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THEYOHBEOETRERT IERDI VWERERICTT 5T
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BEREETS, TVBEMIE. TIXFFNVER, TI5XFRVBOT L
A=V T AT AR ICERIBIFEBO — X IE2WRAT 7F FUE8T
5PV 7V YN, VVYBEERCEREEDODE»ORBBIINED 2L
EHL1RBEERDTLTIRRE -ZHEHNDOEKT., BAERSDOIET
BEEE (Lxd. 5o/  AHEE (kixid, xR, R
BRI T A N —BlER, MOLEFEER) OTHXITHEA.
EHLERFPHXIKEBEEAZE T SKRELRRT OB FEEZEMK
T 5.

AFERBAICIV., TIXFFUVBERLEX T IR UCBRE2ERENERL
TH5EDEEDRSLETD. MBEBECRTICER T 2ERD 5V
BEBOFPHIXXIHEBA., LRICHEBREOCETICERTSERD S
WREBOTFHXEIKEBREAZE T OIREFEACZOREFE LR
Bz B TE, GEHbESCEL»S ABHBICBWIRKRIKEFATH
3.

B4 1 o> 18 B 72 B BA

M1iEeY ABARKRBRICAVSEEOEKEHHER 2R,
M2 i BomE (Hith) ZHT 5,

M31xTy hORFERICHT 52 EOERE (Hith) 25T 75
7G5,
MAREEOBBOEAVNERIEDD TR —TF R FEBNT
LSy RRERWE 6 OBHMOMMERTE TS S,

M5k, PEOEBEOESEWVWEFLSTCODD e —T 7R NDFER
RRT ST T Ch B, |

B6iX. FEDORTA—FLWBEFOT I NUrBELOFEHE
EROVEEREZETRT IS 7THD,
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RPELERT DD DEHEERDOERE

AREHIZ, TI7FFVBEO/ XET7TI7F FUBEERIELELE
THIAMERERT LTS5, MBEOCKTIZERT SERD SV
FERABOTHXITHWER ., TCCHMEEOER TFTICEE T ERD S
WITEREBRDOTHXRBRKREBEFAZETOREGROCZTOHESTEICH
TBH5bDTH B,

AFBHOMBDIT, MEECETICEETIERDD WITEAD
FHXIUBEAZAEITLS50T, flzX, B - ZEFRIDOEKT.,
WAMBEHOET., BEEE (B xiE, 220FRE) | MEE (F
ZiE. BRTHAY., BEEMcRTAY N~ — Bl R N
R) OF - WE (BB WIREK) RLEZEML LEREL., ER
. EEEASLZ2ZELE L TCHERATD S,

XV EGEMICE, AFBHEOMRYIX., MEicE> BgEOETI
ERTIERDDIDVBEBDOTFHXIKXFFAZEFE IS0 T, L
B -Z2ERIOKT. BHEBIOKT., BEESE (Hl XX, 528K
2E) L mMEE BlAE, BRTHLY, BEEBICEITAY AL <
— Bl R., MOLEEER) OFH - ®E (bD5WEERKR) R E&%H
MELeKER., BEEE., BERIH., S5I2EF. ENTH. R
PR, REBEIOMRF -mE. EFHOME -mE, EEHOHER
-ME HEEZ2T o0&V HEDZZ L, EHRAF2 DD E, HFRVR
CHEEMELEREL. BEEL,. BEMEAL., FEREA® L.
ZAHAERRELELLTEHATS B,

AEHOEYHRD L LTREROT S FUyr®@Bofic, 75% K
VEBABRIEBR LT AT NTOLEWBRATIZI LR TE S,
TIXNVBREEREVB LT EHICX. 77 F FUBRE. 4
ZWEINTVTLAE, TRITVAEREERTFTLILENATES, £
T ITXRVBOT AL T RT N, FZIETITFRUCBATF

9
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TRFN, TIXRVBIFANZIATARELZEF B R TED
o 7. BRIEWBO —HMXXE2IWAT IXFCrBRTH»L NI 7Y
Y K, VVEE., SOLIEREEERLE2FIAT I ZLBTES,

BLE~OHEBEEEZEITERES. TIXFFVYBIEZMNI Z7UEY FRXY
VIREOHE, BRIz Y)Y FOBRBIZTDHZLEHFAEL LY,
TSXRUVBEEAETHINIZYV Y F (BREBBO —HXiEe
WA 75X RUVvBTHDINIZFIVEYVFRZEETDS YV ZV B R
LHE) ORRKRROBBEIXZLAEFEL TR Lo, RHEH
HEICEIVTISXNVBREESATBEINIZV Y FEe TEMICHA
FTHEZLENTRELRY, 20 ABERBXSIERBRT v b2 T U REK
RBERBRICHET I ZLICXY., REAOEFIRDOPHREITEIEE
ZHBIFTF O THLMC L, MEREROERTERT2ERD W
REBOFHXEIREBYDREE T DI 2HMEICI L,

P> TABEHITBW T, XBHAOCFHR T THLIERENRO
— R FEWBNTSEFR B THI NI TV B FZ2EFTSHY
FYVEY R (TI5FFrBREEFTSMNIZIEYFR) ZEHTS
N TED, TIXRNUVBEEEFE TSI ZVEY F&EL T,
FYUZUEY FEEBRTI2EBHBOS BT 7% FUBOE & 20
BEMW/WLE, FFE L IES0EEWLE, XVHFELIT40EES
DLETHAHME (FYVZ7YVEIFR) BEKCEATIBEICEIESR
LWEEERS, LEBR> T, REHIIBWT, 77 FrBRz2a
B+ S5MIE (M YV EYFR) 24AETLSRIEETO5MELZE
ELTELNEZLOTHOPRE T RTHEATLIZLIETE S,

TSR RNUBEPEETIMEE (MY VR R) ODEEREZRET
LA LTiE, EAMT 4 =15 (Mortierella) B, = =7 «

#+ A+ 5 & (Conidiobolus) /B. 7 4 F 7 & (Pythium) B, 7 1 b

7 ~ 5 (Phytophthora) B&. X=3 Y =— A (Penicillium) JB.

10
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v RRAKY =2 — 2 (Cladosporium) J&. & =2 — v (Mucor) JE.

7YY 2 — A~ (Fusarium) B. 7T A F )L X (Aspergillus) B

. 22— K35 (Rhodotorula) B, = > hE 7 +F (Entomophtho

ra) . =%/ AR T Y v A (Echinosporangium) &, ¥ 7w L
=7 (Saprolegnia) BB T A2MEYER T HZI LR TE D,

F5 415 (Mortierella) BE/NL T 4 =L 5 (Mortierella)

BEREBICETAMAEWTE., FlzEEALT =V T - x2uwrHZ (Mo

rtierella elongata) . EA T A =L T « =% 7T (Mortierell

a exigua) . ENTFT 4T VT - T 42w 7 15 (Mortierella hygr

ophila) . EATFT 4 =L 5 - T/ EF (Mortierella alpina) &% %

BIFsoLnTES, BEBHCEREATF A LT - zua T F (Mo
rtierella elongata) IF08570, EAFT 4 =L T - =X 77T (Mor

tierella exigua) IF08571, EATF 4 =V T « J 47 v 7 45 (Mo

rtierella hygrophila) IF05941, =L 5T 4 VL T - T EF (Mor

tierella alpina) IF08568, ATCC16266., ATCC32221, ATCC42430, C

BS219.35. CBS224.37. CBS250.53. CBS343.66. CBS527.72, CBS529
.72, CBS608.70, CBS754.68% O HEMKEZZEIT 5 LB TE D,
THLOEBEREVWTNAL, KIRTFOBMEEABREBREDF (IF0)
VEOKEOTAYVIY cFATF AN Fr— -2l ay (An
erican Type Culture Collection, ATCC) KX (. Centrralbureau v
oor Schimmelcultures (CBS) » o2 A LHIBRSAFT D Z &R
CExBL, FRARAOREIIN SR LEPOLSBELIEERENT
4 =L T - zu H ZSAN0219 (I MFE F5F8703%) (MIaksk
HFE1239%) ZEHATH I L TE D,
AFKBACEAINIEKRLZEET IR ICRI, TOEKOET. B
%K. XETHOERELTEONCAEEK 2. RAESE MO E 45
CEELERET S, KEBBOoBAIC, REERELLTREIIVva—X

11
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N IT5 7 AR Fymr—R Yy w—X, v h—R, AEMHE
FoSd, EE, SV Er—, er=b—AEo—BHITERS
NTVWBEHLDOR, WTFNBEATES R, THHIKBELND H DT
TR, BRELLTERT Y, BRI X, 2FoX2, A
FR, AYVIVEE, 2 —2RT 4 =TV —, REF¥ /X7, BHS
FARX, MEIRAEORAREZEREOMIZ, REEFEOEFHERIE. =&
BB T MNY oA, BT VE=U A, MBT UVE=SULAED
BEEREZANVDIZLBATES, ZOMBEITHELY VBE. B
B~/ 2xT U A, FBEEK., MBASOEREX T I VELHME
RBEFRELTHEATES, ZUDODOEMEBSEBEYOEFTE2E L
ZOWRETODRIIFICHRIET R W, EEHE—MIC, RFIFWIT0.1~4
COEEW/NM)%, FELIXI~2BEEW/VSDBEL T ZOREN,
MEOERIBHEMEIZXO.1~10EEW/V)%, HFE L0 1~6EE(
WV)&e LT, BEBPCERFEZ|EML T ED RV,

Ehlc, BHMRFEREZHH IS TCT I FUrBRE40EHE
YAEEFITHMWME (MY 7YY R) ZABBOFYRSTLET S
ZEHbTED, BBEIX, BE2~4BEEHECTCHEAEHEBELY, KE2~4
HEUESHMEZTHY L5, MBORIFFRBEEIII~SEES. &F
EFLLRI~EEIORE L L, BEEFEYNBICWESEED O
HOMOARIBIFEEZBREBEML, BREML7ZRFBFEOKRMIT2~2
0EE% HFELLIIS~I5EEL T D, i, HEHEBEHL X UM
BEEBOHOMTORBEOBRKRGBNME X, TIBROEREREIC
JoLTCHRMU, B3E7THEBLUE, LI EHEEUKE., X V4
FLLLIERIBHUBROEHMPTORFREEZOE RS L5ILT S
T, TI7XFUVvRZASEEWIEESTSHE (MY 7V EY
K) 2B A TEERERAOER S LT DI LN TEXD,

TOXNUVBREEEORBREEIER T MEDICIr 2D

12
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28, 5~40°C. #HFE L 1E20~30C&: L., £7220~30CIcTH®EL
THEEZEBYE LD EBRS~20C R TEESR T CREAMENRZ
AR LDBILbTED, 20X RBEFHEICE > Th, &K
JERF B P OB ERBMIEHBOEE L2 EATLDDIZ LB TE S,
B 0 pHIZ4~10, FE L < 1Z5~9¢ LTEREBEHREE. REKE
XREEHBRERZTO., BETEFE2~30BM., HFELSIE5~20H
. XX L IE5~15BMIT 9.

Ehlc, T9XFUvBEEET 2HE (FV 7YV EY F) FO7
S FYBOHAEEDLIEETLLT, BHRIRFRREELZHE T
Do, T79X FrBEsBmBIREBRAOMNKSHEEZIT>TT 77X
FryBEsEmiEr*HB5Z2 b TES, ZORRBMAZHEIZHY
BRNDYNR—FErY 7Y Y FOMRBRHREE TR, WAk EE
BT ERAORICHEA LTETT 2D, &E RN gk
DREHBEBO T AT AEERNMARSMEENS, T LT, 4 UPUFAE
57V %Y FRICTZAFAKTBBRIEHAE D2 EL T, MEREM
JEmAED N Y V&Y F&74 5 ( TEnhancement of Arc
hidonic: Selective Hydrolysis of a Single-Cell 0il from Mort

jerella with Candida cylindracea Lipasel : J. Am. 0il Chem.

Soc., 72, 1323-1327 (1998)) . Z o X ik, 77X FrBREFH
el BN D BET > CERLTIXFVBEEEETOMIEE (
KUY ZUEYR) ERAEHOFHRS LT D LPITEDL, AHEMN
DTTXRVvBEESEETH HE (M 7V U F) OEHRICH
FE5T7TSFFVBOBAIE., MOBEWBOEELHFRISIENTE
WIESREZET LWV, SVEAICBRBELTWSEI DT TR, EEIZ
. BRICHEATAEACR T I RVBOKBAELMEICR DS
HbH0., WVEEWAEDOT ISR U BEEE TS HEE (FYV 7Y
U R) ThoTHEEMNICIKRFEAT I LATED,

13
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T, AREATIXBRBFBO —HXIZE&HBL 77X FUERT
HBH RV VY FELT, L,3-fLiche&EEHERAS, 2-fLIcT7 7 %
Fyv@rxwgalieb) 7)) FREERATDSIZEATEDS, £k,
1,3~z PSR ER A5, 2-NMIZ T IXF FUBBEEe& L Y 7Y &
YU FE25L%LE, H#FE L IFI0EALYLLE, S ELCIE20
T E, BELFELIIZS0OEASL EEemAE (MY ZUEY R
) BERAT S LN TES, ERRMNIZYVEY FOL3-MLIERKET
RS EIL. REK~IZEZEFTOIBEHBR»OBEINL L O
ERIATEDS, RERE~12EEZHFITDEHBRL LT, A, &
TIONBXIETA ) vBEEZETLNR, FIK1,3 - 7Y v A1 —
2-T77F F/ A=V kw—n (AR T8A8) L bW ¥ ) BHFE
LV,

B, 1L,3-fLicHh BB, 2- LI T SXF FUBBKE LKL
FUZUEY R, BREESSELEEAICIE. RBEREE (b
V7Y NR) Es, —BRICERSHHEE (MY 27U EY F)
2. MEOFRICAD LEIRXR—ETHMARIBINDEB, ZOEY N
—E N1, 3-MFEHTHY., Y ZYV Y FOL,3-fus8ih T2
FoOFEBEREB®ATE, RFIC1LSFO2-T /) TV A7V e —)b
(LA#8 T2-MG) L #R¥) BAERT D, Z D2-MGIEIEH I B B2 #
MERESBIREBRBREWTED ., —BRIC2-ALIBFEER O TR RIS R
WeEEPLNS, £, 2-MCGIXEHBICBE TS L A EEMEAE RE X
LT, HEHEFRBRORNEL2EDIBHEE2T 5, RICEBEEN®
L2-MGiEa L AT e —AR) VIEES L —HICETRBRESI LR
EESKRLT/ABEEREMBIZIRYAER, PV TV T7 Ve —A10
HERABIY, BEEKHIKEII A 272 LTY N0k E
T, A8, ZOFEI X—YolEHEfEIiZafiEhEc
L. TI7FFUVBRIEITHAHCS WEBEZR>oTWDS, SHICHEER

14
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DX, Y N —EEHEIINMBICHE>TETTSZEb, HMEED
BTFTRCEETIERBIVERICRILTVEREICEK., 1,3-ALI1C
e, 27 X RVY@BABELENY 7Y Y Fid&E
WMaEE (M) Z UV EYFR) &5,

1,3-fric R gHAERHBE A8, 2- R T S X RVvBAKELE MY 7Y
) FoEEKEREEEOOLEDELT, 7T7F FNVrvBEEZEFT D
Mg (Y Z V&V FR) ROFHEHEBOEET T, I 70 &Y
FDL1,3-PfLD T AT VERICHERNICERTLY) N—EE2ERASE
5L THETDHENTE DS,

et 25MmiE (FVZVEYF) BT75FFrBREeBRIEHR
LT BRIV VY RTHLY., PV U YD FEBRTLSEBE0R
wxt+ 37 7% RUVBOEEABWE S, RKIEME (K b
V7YY FIECIRL3-MLOBHED S b —FDOL RN hEHEHER L
ol P Y Z YUY FR) OENICEDSRGENEFEOETEZE S D,
BEOBERGEE20~30CEXVEWV. 30~50C, H#ELiE40~
50C & ¥ 5,

KD Z YY) FOLIMOZATARESICKHFENICERA TS U
—r LT, #lziX. V72 (Rhizopus) &. YV YV & =2—,1 (Rh
izomucor) B. 7T A~/ )L R (Aspergillus) B ¥ DMLY
EETHELD, TEERBRINN—EREEZRTHLEATEDS, 2
5YNR—FBIOVIE, THROLDEA WS Z LABATE S, il 2L,
Yy 7R - F L=< — (Rhizopus delemar) ® VY N —E (HAHRIEK (
Be) #1, Z Y NRX—¥) , VYV Aza—n - 2 —,vA (Rhizomucor mie
hei) DYV RN—F (/R - J VT o227 (BR) ., VFEFA LIN
. TERLVFNLR - = — (Apergillus niger) ® Y X—E (KX
B (KR) . U =T EBBT LN, TNUOERICERE
LTwbdbidTida, 1,3-UKERENH Y X—EThObhTTXATHEH

15
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TBHZ LB TEDS,

RV —FOFEAEER. RIGHREEDS BN TRGEEZ
30CLLE. HELLIZA0CL EET B0, BEOWHRIEZ HINT
ZEMCEEMABEEFCEEMLLEYN—ECE2EATLIILEIEELEL
W, EBEMLMEELELTEALE (N AR —FR) BMETL-T, 81
004V Z A b —LMUEDOAEZET LA A BB ERE. £
% ¥ Dowex MARATHON WBA (B, F Uy I W) EBRETLND,

s liexst LT, 1,3 ERENY N—E0KEKO 5~20
% (EE) KtEBE L. BBRg L 2~BFEORT7TE M (Flx
1¥-80C) ZHBBLLAENOKRLAICMACHEEEZEREES, 20
By i RET CEHERISYTCHEINBEREAB T LI LA TES, &
blicfiEAaFETIE., BEMBEALICX LT, 0.05~0.4fFED1,3~
REGERHY N—FP 2 E/IBOXKCERL, BB L2 EEAEE
EEELY. BEFTCERIFETCEHELMBRELABM I DB T
x5, ZTOEBEIZIVHONDY X—ERBEEKICEE/LS DB,
TOEFTCTEHZATARBERTELL REIT., KI~10EE(w/v)%
EMz S (FEEmiE e PH#EBHE) P, FELIIEFEKI~3IE
B M e XEF CRILET S 2L CEBBREIRBARLS
EHATHRZ LN TEREIIHRTDH LI TE D,

BEOBBERR I > T, ARKFRICMA S KSEIBMOTEET
LkEEFERVBARRATARBAEFT LIS 2D, £k, K
HEREZVNBESITEMAKLBAEIY, 7)) FORNREKRREKT
45 (MASBBPBZIRIY 7YV EY F, £/ 7)) FRERS
h3) ., L»PL, Z0OBA., fTABRCIVEELELEEERZE
A+ 3272 T, AXKBREMASADEBEFEETCTRS< 2D, &<
AEEERVWRTHLPERIK AT AZHBRIGER I T I LA TE
3, SOICEBFAOBELRRT LS L THILAEZER TSI LD
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FIEETH D,

DXk, MEMEETIBEEMBEFRZEAL, BRRISEE
REWFBA-ET, 13- EN) N—EBORBHEDEWT 7% K
ME2SETL HE (F)VZ7YVEYF) @BWTH, RISFHEZET
SRBZ LR, 1,3-fLicH SIS, 2-fIT7 7% FrREKE
EL7Zbr) 7)Y FEFRYICHEST DI LAETE D,

B EE DR TIRERTAIERDIVEIRBOTHIXTIXEEAZ
FT528BHROBEBEETHo TR, TI79FFVBEOT/XIET I F
Frz#EmENRBRE T SLEWEZEMT, 2520V TIF PR
PEEHMICERFA LRV, DE5WVWIEEARA L TV TD 272K &IEE
LLHILMATARZIENTES, ZZT, ErELZ,. KEAR
BHic7 S FrBBAEEhTtnicedLTh, ZhvzBEEe6LEEME
B e APERLTD, BETAIEFEHDOLHEHBLZLDOT I X F
BOBEBREBEICELZVWEZEKRT 5,

BRICHBREFBRO —HBXIX2WBT7F FUr#BThbs5 M) 7Y%
VU FOBEASICE., WME (MY 7YY F) ORBIKELTIXERD
REERAD Y., &S, B, BEEL. BERKS GO FEEIE O EHEM
M LTHERATARILERNTS, LT, ZOoFEHEN., EHAEICH
LTALEHERBEZTDHDTIERNY,

FlziX, AREEkLE LT, —RERoMm, HEEEL., FE
RERARR. *EFHEL. KRAEHAFARNA, FLEAFARL, LR
AERL. FEFRERNETIEZEAREMREZR TSI 208 TES, MiF
FELARFAELT. A, A, T3 Ty YEDOERRMBLEZILR
RER, A—7EO0RERICHBEZMNX2EHK. F—F vV &0
AL LTHEBEZAWDDER, N —HS0oHERMS., 7y F—FD
MIECHEZMNAIMIAEL., >5WVWEN"—FEX Ty MEON
THETHRICHIBZ2EZEFEILIBER/ T IAREVPET NS, &b
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W, HEEZEERVW., BERR. BEBARL., BERL. KERMH.
FHEERBICEMT D28 TES, Sbic, BREEaeih, BEEL
EEBAROBEThH o THEDLRL, BlxE, BRIBREA. B
XK., BER., #FH. 7L, be—F, ARE. BHEK. LBIRE.
ey TEOMIEEBTH > TH X,

FARABAOERMIIE., FEBPHOFHES LA, —RITKE R
EERELIEERTARICAVOAIESEBEAESHEMAIZE AT
WT W, RICEABBHOGERI Y OEBRILELLERE < BHA THER/EA
EELIEREELY, iEgAE LT, AlAE, P T=w—
B, 79RVHHEAE, 7o mXAVv U av VR, RRATREE
., IFFrvE, 7FB, IVR—L, IO UFEK, BV E—
v, Fr¥a—n, Fy¥I7E,. p-r7< IV vk, J—nrPEe el
FXTF B, AT v —VEH, TAXVE, EBREEE. e F
JAFE, VX FUrEREDODISIBRRAVNBILABIOCT A= vy
Vwﬂwi?yﬁixfw;7xnwﬁyﬁx%79V@IX?W
. TFre RFerXx T =Y — v (BHA) . TF e Fe X o
> (BHT) . ®/ —t —7F vk FuXx_/» (TBHQ) . 4-t Fu ¥
RARFN-2,6-V—t —TF T =/ — (HMBP) IcfFEEIN B X
5RARPBICAZHRTEZ LA TES, barv=w— LETIE,
a—hraZ7zuv—)b, B—hr2 T2 —J)L, y— b2 T 20— )1
§—hFraxZxmr—)b, e—hrIT 72—, E—bFaT7zu—),
n—hrazze—BIXObraTdJzue— X7 (B2 7 =
u— V) GEBTFLIILENTED, b, IveF /A4 FETK
BlziX, B—HueFry, IvEFFrFr, TRIXITUFUrER
BFs5Z &R TED,

ARKBFOMBYIE, ARERAOFHKRSUNIC, BHEL LT, £E
X ) 7T—HE, A7 AT UF—F, HRA. BEA. sEH. W

18
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B, BEBIEE (B, Kk, =&/ —, YW . BEMA.
REH ., BWMIEER . FAbA. BREALH. NEBR. kB, TAR
a—vRE—F, RKIYvBITAF, INTFNIE, aF—
Fu, Kk, vyFraERgFeohd, BMA L LT, Fl A
e, Hkeh, FHEEB. Faed. ., BABLEA. 77
A N—, BREE., IXxTNL., XER, LBRLEA. REH. FEA.
BEHF . RKXOEAWHMB Y., BRBHBREZET LI LATESD
. THBIBELTWS b TRV,
TS5SXRVBRBIOTIXF FUrBEeEBRENRE T5{aox
R IETIFRUVBICHDD, T7F FUVBO1IBEEYORE
225 OFEEREXBERMK T0.14g, BAE M X T0.19~0.20g& O&,E
KNV (JEE#ES4, 73-82, 1995) . B F I MIE O EIE BN K
T a8, BYRXR—EBEERNBRTTISRARELLOMHEEE, S HITK
FRUEDTSHEF RN UVBEBERTAOILERNDDS, LN o> T, K3H#
AO7 5 FrBBIVOTIXF FUrBREBRENBEL T 5{LEHD
AN (Bl 2, AEEOke: LT) 1ALV OERERF., 77 FF
CEEEMHAE L LT, 0.001g~20g. #FE L <iX0.01g~10g, X Y &
¥ L<130.05~5¢g, BbHFELIXO0.1g~2¢eL 7T D,
FAEHOEHR-ZEBIIHRERCHEHATIHEEICIE., BRAICE
ETHT7TTHFRUVBOMMBLEEL RS, 2L, KELHITESE
T HHERNEL. BATHIRARBOBBRERCL I > TELALT DI 2L
VEREBBO —WMX LW AT X FVETHDS Y ISV EY R
EEEFETD2MNI 7V Y FZEKFCEETIHBAEICE. 7 I7FFV
B & LCO.0003EE%LL E. FF L IX0.003EEW U E, X VIFE
L<EIX0.03EEWWLEERD XS I ETD, &b, 1,3-fLicH
GBS, 2-MIc T IXF FUBAEA LN Z )Y FN2EFH
FTBRIVZYVEY) FEREKCEEGT DIHAICIE. 1,3 AL diiE
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Wil s, 2~ 7 7 F FUBABREALEZ MY 7YY F&LTO0.00
1HEEW E, FELLIZ0.01EEWUE, TVHFFE LT 1IEEY
L&D XS5CRAET S,

FEHAOHMBRWEZERRLE L THEATIES. HAEKLSBTICS
WTHEAOHE, iz, BAERHFCEROFEDL LIV ITZHhIiC
LD FHFBEC > TRET I8 TES,

AEFAOHEBEMEERZ L L CEATIES., MEm T oF SR
DOBEESER, AEHOBWPSERINIBIFICRESAT., &
HEY2EAEAGCHEAATRETDH S,

AEHOMBMEZEERZL L TCERATIESG., REUMNBEB TR
53508 EELL, iz, BOnHEERXNFELY, KEHOHERY
DELGEII, &4, FE., ER, #EEKR2EICX YV ER S8, fF
A, BRA (K60kgk LT) 1 BYZVAKEOTSFFUBR X
OT7 TX FrBRE2EBRIE®BRE T2hEME., 75F FrBERE
EL T, @HM0.001g ~20g ., HFFE L IEM0.01g ~10g. £V
FELLEMN0.05~5 g, ZBbHFFETLLLEN0.1g~2g% 1H1
~3EIEFELTERET D208 X,

DY CIEEEOCEERRBBIEIT SR FrRBY i Radb~%
VB THY, RT U REBLZRES. KBEHOHEBRMIZ. 75
FFNYBREFaIAFT T UBEEZEDEBZIZLIEE LY, £
e, BMOY VEEREICE A a bRy X o B OB A RNEEICEN
b, ABEFOHEBRBICIE, BLAVZ A a bRV EI T UBEE
BFERVWILPREZELYL, 7, A a bR FoUVBEBIETLAL
BET. LSBT IFXFRFRUVBE FadAFHhovBEEET 3EK
MBI EIVEELWYW, ELT, 79F FUEe Rady~FHho o@Bo
MMBBDLERCEBNT, 779FFVB/ Fadb~FHo Uit (B&
) B0.1~150#H. FF LLIX0.25~1008EIcH B = & 82 &

20

RIMFROST EXHIBIT 1024 page 2199



WO 03/013497 PCT/JP02/00671

LW, £/, 75F FrBos5o01 (EEWK) 2BARVWEOT
A aY RV UVBEREELEKREYHREE LV,

Wiz, ZEHEAICIY, REFEEZILIICELAHCHPEATS, LrL
L AFEBEX., TROEREMAMIZRE SNV,

RBRES., BEASL. BEEAS. FEREBARR, EAAR
MR OARABEORBERYITIE, RESERY RV XITZER S
MR ORS S, REBEOCERTERTIERDDIVWIZEAD
BE R ITHEER. X EE MBI BBREROETIRER Y
BERDPDVRBEBROFPHIXIIHEEH. B - FBEITOEKT,
RABEAOERT. REEE WX, SoFRY) . AaNESE (4
i3, BRE TV, EEABNICEZTAY NS < —BIGER., XD E T
F) DT - KB, WERATH. R F. BEIOHER - Lk,
EhHOKE MmE. EEHAOMERE  -mE, HEToEVIEDEZ
L HERHzbeb ., BRVREOEREE TSI EEEAEM
MRWOBEREREY/ X IHELMEBRYORTEZRET D7D
DY —n (FlzEr7 Ly FPE) KRBXBZIRTFTTDH2RELTHK
"TAHAbOBLEEND,

EHe 1

(75X RFVv@z&F3T5 M) 7)€Y FOREEFE)

TSR RFUBEEEELELTEANT =T - TAEF (Mortiere
lla alpina) CBS754.68% AW/, 7/ =2—X1.8%, BIERE®3.1

%, JCE #H0.1%, KH,PO, 0.3%. Na,SO, ‘0.1%. CaCl, - 2H,0 0.05%K%
U"MgCl, - 6H,0 0.05%% & te i M6kl %, 10KLEFEFEITHEB L., 1
pHZEG6.QICFHE L, MBEKIOLEZEEL ., IRE2C., BKE 360
n® /BETE . AN E200kPan £ TSHE OB RIEBRER LT o, 72
B, BRERBEEREEELZLIO~15pmE #FT D25 CHELL

, EhiL, Fra—RBEEAL4BRAECRBMEBEBRE > THHMP D

21

RIMFROST EXHIBIT 1024 page 2200



WO 03/013497 PCT/JP02/00671

Fa—RABPENLI~2.5%5O&HEEANLRD X5, TNLAEIIZX0.5~
1%z L (ERowdk., BE(w/VI%ZEBERT D) , BEREKTHR
VAE. BBIZIVTSXRVBEERETSMNISIVEREY FEEER
TAEMEEZENL, BbhtiEErbAFF U THEEZMEL., &
AmfEogfTE (AL, BB, BE. BRE) 28T, 77X F
VBEBFE NI ZIUVEBIY R (TFTXFFUCBIINIZYIEEY FOEER
MEBICHS) 150kex B, o cmiE (MY Z7 U &Y F) & A
Froz 2Tl BONKEBHBATFNVZRT AV ETRZ v b
P57 4 —THWHLLEZ A, REVRIZEDDLSITIF FrROE
A1240.84 BB ThH oo, BB, NAVIF B, RTT YR, A
VA vER, V=R, vV VB, VARE-v-) SV UBRR
Y@, FhEFER, 11.63, 7.45, 7.73, 9.14, 2.23, 3.27THE%TH
o, bz, ERT7TISFFUVBERMWE (V7YY F) 2
FAZRATFMHEL, TIFRVBZFALT ATV EZL0EEYSE o fiE
B F LT AT VIRBAY»L, BHEOREREI e~ T 7 4
—ZkoT, OHEEST SXRVBZFAZXT AL Z50H - BRLU
7z,

% el 2

(8ABZSE/NWLLEEEFETS MY 7YV &Y FORE)

A A AW g R (Dowex MARATHON WBA : #7 &r I b v, 4R
) 100g% . Rhizopus delemarV N —F12. 5% KEK (¥ ) —EH
K HUHEEK (K ) snlicEB L. METTHBSETEENLY
N—E 2B,

WIZ, ZHEF 1 THRE7ITF FCBRELAOEEWEF TSN 7Y
% Y K (TGA40S) 80g, » 7V /) E160g, EFEEMLY N —E12g,
4.8 ml%&30°C C4A8FE R, ## (130rpn) LABNLOEEE¥EZ, K
R T, RINERZEZERVKE, BEREShIEEE/RY X —EB2EL

22

RIMFROST EXHIBIT 1024 page 2201



WO 03/013497 PCT/JP02/00671

iz, BEIf Y »X—¥ (Rhizopus delemarV X—-E, 4k : Dowe

x MARATHON WBA, FE#Z) 10e%: V¥ 7 v b &EXFIF AL T A (1.8 x
12.5cm, & £&31.8ml) WCHEL., EMF 1 THZTCAL0SE L 7Y
NEEEL:2ICERE LERBAMBL —EOWE (4ul/h) TH 7 AITHE
L, EREEEBET 22 LT, REMEZ400e2F7, 2B, &
T ABEIZA0~41C L L, BONTERIEHE»ORRIEDO D 7Y
NEBER NEBORR®RE S TRBICXIVRIEKRE, BA8ZEHT 5
WIE (PUZ YV EYF) 2B, LT, TRIZue= 777 14—
FOEHEREZ e~ o770 —10X 0. B0 78A8EHMIE (
NYZ YU kY R) POBABDEIEEFA LI S, 3L.6TASTH -
7= (723 . 8P8, 808, 8L8, 8G8, 8D8DHE & IXZHN FH0.6, 7.9, 1
5.1, 5.2, 4.8F V% Thof, NV 7V &Y FO2-fLicEET 5 IE
J5EP. O, L. G, DIz ETh VI FUE, LA ER, V/—
N, y-Y L UER, VRE-y-U LB ERL, 8P8IX1,3-7
YV AL L-2-LI A NV—F IV Ea—, 808iL1,3-% 7Y »u A
N-2-F LA AN —Z Y Er—, 8L8IX1,3-H 7S Y v A-2-U )
vAANV—F YV Ew—i, 881X1,3-FZF V) v A V-2-y-U /7 1L/
ANV—2Z YUk —, 8D8IX1,3-FF VU mA-2-YVFKRE-y-U ./ VL
JANV—=Z YV Eur—E2WVWS) , BB, BoNn78A8EHFME (b
Y73 Y R) PoBEOCRERREKI v T T 4 —Eo T,
96E /L% SABE S HE - R LT,

EHEH 3

(U RBIKRRERBIC X 5T6A40SD %35 g F¥ M)

2Ty NOEBRM L LT, 185 At MEFischer27 v M1 6
UG % st FRAAEIEE (8 P : 0CEE) L TGA4OSEE & & REE (8L : 0AFF)
D2BITHT. FhThofic, £1IETFLEFRERBER X USUNT

23

RIMFROST EXHIBIT 1024 page 2202



WO 03/013497 PCT/JP02/00671

GAMOSEEE Bt B ATk, LT, FEWIy b= bu— 8 (Y
CE) & LT, 4 4 HUErHeEMFischer 27 v F 88L& 1 IR L ext
BEB 25 2 7c (YCRE) . 7245, TGA40SHEI & &RBLiC £ L 72 TGA40S
XEEA 1 THEELOEFERLIKE,

®£1 EBRSR
> B £ TGA40SEE & £+

(g) (g)
A v 200 200
DL-X F F = 3 3
a— VR E —F 150 150
Va2 u—2R 500 500
Tarwa— 2Ry F— 50 50
a— A A v 50 45
IR T VFEAIN-76 35 35
v & I ¥EAIN-76 10 10
ElEAaR= ) 2 2
v& I VE 0.05 0.05
TGA40S 0 5

Zy P1lEHEZZDDOL1 HOEMEIIWN20eTH 505, TCAL0SD
Fy MLIEHZYD D1 HOEREIX0.1g: 725, TCAL0SITHEET 5
BB ON. A0BEER T IFFVYBRTHDI I ENLL, Ty b1
L7z D1EBDT 7% FYBBOEREIZ4Ongd: 235 () Ew—
WEBREBIOEEIZOWTIE, EEEEMR L TEHHE), Z D40ngiX
ANDOEREICHEE T2 L 133ng/60kg/H iz S T 5,

24

RIMFROST EXHIBIT 1024 page 2203



WO 03/013497 PCT/JP02/00671

FAES AR (EBHT >y +OHARI2r A, FHT7 > POHS
X7, A OB TE Y RABARKREERREERBE L, TY A
kB RBR L., AME (E/&E120cn, & &35cm) KWEBHTELIBE-
leAEAN (BREOES20cn) , Jy FBENPSL5LCLTIETEHEHW
DhkE SokEEES (EFEILL.5cn, BmS19cn) AN TRHBE (LEE
AT TFICLD . AR TKS Iy PCRERBEEIRAZY) | ZF
BriTH5 Ty bE, ZOXKEOROLALLEBE I Y AN (HRER)
DS E TR/ TSI EFRBICISIEFHRR T, NEEZFDOME
BlLroMEAEDLN, BRATELSHEbhTns, £V RAEAKXE
RBICAVSIEBOBKRIPFRZKIICTY, BREZIR2TET Y
FERBEEOMEBEBE2ZEELTWL, FJy FPOEFIZIROLIIKILT
TFolk, T7hbPb, v 2T ) ABKKRBERREBEOHERLDL
HL, 60BBERE-TH, 7y NEABBERICEETERVEARITIE
LSy P ERBAOLEITRETRSZIEICED. RABVWEEED
MEAR2F IR, TO0%FE1H2EZBREIC. 2HEHMEKEKTZ,
Sy hEHEAELPLKLT, HEAPLBBERIZH S £15COA
Eo@EBEEEXR LEEMO, £@FKEMIcE T 5545 (Hith, X2
BB &, POEEL L, EHT7y PiIZHBELT, BEHZ > b
DRBVOEBRITHLNITETT 528, TAGLOSOEV 7 7% FUER
HE BT, BBy bV E®HELRE (K3)
E3ickWnWT, B 4R, ¥bb, 2HoEZ1HED LT
xz LT,

Kic, BBOEBOELSVWERFHBZ D, v —77 X%, Al
CHEMOoREOERA, Thbb, 156BEKERBLE, 2HZES
Lictk, kBEZWMY ED L., Ty MIUMICTORBEEDOD o7
BH 2k EEDLD, TOX) BB BEOMNEBEZILELT, Dol
FaeikEE-> TWHEME (KE24RKEIH T T, RBEEDDoT

25

RIMFROST EXHIBIT 1024 page 2204



WO 03/013497 PCT/JP02/00671

KE (1/4) Wizl (B) THEfi) T, 2B0EFOEAVE
ST B LN TEDS, YCEE., OARER X U'0CEH DNo.1&No. 20D T v
PO OBBERT (K4) . 2B, Ty PEIEAICELDY HER
EEFELCRT S, M4BT 2HIEBR(S) BIULESE
ObolcRKEIXZ, Sy POREEBICIVERD, . HSHITBWT
. target quadrantit. BEEOH - EKH (1/4) TR, 0CHOD
S FOC-LIZHE LR ELTRY, XBEEOD-LREKEICWIZOD
b FEN2. 4 CThotz, 7o —TTRAINDERER2ITEL DL

o

26

RIMFROST EXHIBIT 1024 page 2205



PCT/JP02/00671

WO 03/013497

(G0°0>d) GREEHIMENYCHER] ‘B

92 0% ‘7€ ‘8702

. AH . . e . p— .
700 0> 6.9 A 68°S FEV '3 pee 9°08 B ‘9L H 0K
. : L 79 F08 0'€C ‘0°S
62’1 60 ‘0T q 64 °0TF8L 61 P T 208 ## 00
812 ‘0°¢l ‘2'9% 2'7Z
. OH . . . — .
S0°0> 10°¢ 90", ,® 75°L F02°€7 272 T 998 0% #V0
=U ({
L=T-u=} FFE (s) (@) e

(aT# (d:3) 1) @d

71 2 o HBOML R C e
FEREE FURETGE e

HHON L LL—nL TF

27

RIMFROST EXHIBIT 1024 page 2206



WO 03/013497 PCT/JP02/00671

R2I1ITEBWT,

ThHbh, ZTIT,

X
TR (ZEHOEY), pEBFEY (158). SEEAFEERE.
SDREHFEERFE, nBFTF— R (FHOTFT—FHK) 2RL.
S i,

S_sz —X)

n

Zx® L. SDIiL,

> (X,-0

n—l

2RI,
*x2%757THTE (K5) . T v FITTGAL0SE 5 % 72 0A
BEIZOWVWTIL, R BEOD-TREOHERHE (Ri#EE DOFFTZ R
BLT., bokBHEZKWVWTWAIEM) BEBERXREVWI LD
S Fr ALV ADLERIE, Ty bE6ORHEKSE CHERM
ZPWELTVWHOT, BROWET S AEEZITLOTH D, &
IS5 73Ty PORBEEDODoLRBEOEHHERFMAEZRLTWD
wic, BY ARARBERRICHELAZTy b0, MERFE2MHHL
. FolchiBlcTe2REEZ#ME Lz, 2L T, BEZ7 v~ /T 7 4
— CIEE S EL. VUVEBEEEL2ZRERM- T, =¥ /7 — ok

28

RIMFROST EXHIBIT 1024 page 2207



WO 03/013497 PCT/JP02/00671

PRTAKEBRELLE., 10%EB-A ¥ ) —NVTEVBATFVZ ATV
LT, ¥RIZv= T FT7 4 —ThHitLlc, KEREFHEO T A
—x (TREE~DOHERER (BWVWEEFRWVW) | THESKHE->T
WWNTWBEES (Hith, KEWEFEEFEW) | ) ¢ MESTOT I X
FrBELOMBE2EN-REIZE S —KRELBHBLTRDIEHER

(F6) . KEEE~DOBERB X, BET 77X FNUVBRELADTE
B (AEBS4R#R=-0.38) 23, HWEXKEBOHith L IZEDFE (F8E £
#}R=0.32) N@EH LN, M6ITB T, MiTwEEEEARKR LY &
WDT S FrBontdRT, ZDOXH5IC, TGA0SZEX D Z & T
EHEDLDDIVEREAENINEEFTDHI LD THLNICL, X
ODHBREITIFFVBICEZ2Z EBRFOTIERASI N,

e 4

(B V) REIKREKBEFABRIC X S 8A8D % F sE 7 M)

EWT v POEBRMEL LT, 187 A#HEEFischer’R 7 v b 2 0
UG % it FRER B AE (6 T : OCHEE) . TGA4OSEL & FIRLAE (6 L : 0AFF)
LSASEL & BLEE (8L : 8ABHEE) M 3FMITHIT., TN XN DI
#3IWTHE Lex BER . TCALOSEL & F R R OBABE. &kt & 2 /¢
s FLT, HiHT v boOXtREE (YCE) LT, 4 AlHEMFisc
her2 5 v FSIMIEES KR LA BEBEE 5 27, 28, SASE A
FEHICER L728ASIEEEF 2 TH 6T L% SABEZEEH L 7z,

29

RIMFROST EXHIBIT 1024 page 2208



WO 03/013497 PCT/JP02/00671

X3 EBRE
% FR AR A TGA40SSEE & FRkt SASED & Al
(g) (g) (g)
A 200 200 200
DL-R FF = 3 3 3
- RHE—F 150 150 150
Yarw—2R 500 500 500
Frwa— RN X — 50 50 50
a— A 50 45 45. 8
I % 5 LEEAIN-76 35 35 35
v 2 I L HEAIN-76 10 10 10
BEEAE®=Y) v 2 2 2
vH I VE 0.05 0.05 0.05
TGA40S 0 5 0
8A8 0 0 4.2

5o FIEDO 1 HY7ZY OBBEEIIN20eTH 52 5. TGAL0SD T
v F1EEZYD1 HOTEREF0.1g: 25, TGMOSITHET 242
B ON., 40EEWYR T IFFrigchdzerb, vy M1IE
WD D1HO7TX RUVBBOBIREX4AOng: 25 (ZYV w0 —1
BRI OEEITIEE LEHR L CEHE) , TCAL0SO 2+ E1X928.5
(BB FEPOEE) T, B804 FEIF628.7TL 25 Z &
Ao, BASELAFMAH LI vy M1 BB LYV DIBDOT ZXF FVEROD
ERENR4AOngic R D k5T, EREZRF LKL,

HE3SAB (BB Yy "OBAX2l A, B 7 v bOHE

30

RIMFROST EXHIBIT 1024 page 2209



WO 03/013497 PCT/JP02/00671

275 AE) OEIETETY ABARBERZRERRZEREL .

Fu—T7FRINEERLEKR, BEEOMLELZRELT. o
BT AKRKER o TWAEER (A2 4RERDT T, XELEDOD
ol KH (1/4) Wk () THEM) . YCRE. OCEE. OAHE
BLOSASEE T, ZHhFH28.59+5.44°, 13.27+7.89° 22.02=%5.
35°3 L (N27.18x5.10°° 2 R o (¥fl : FHEEHEERE. a. b

clEB oo XFMicEEEZDY (PC.05) ) , LT, 775
X FPUBEBREFBRLEI DI ZFIV Y F2EXDZ LITLD,
MEICfE > TR T LAEEZEBEOEBOESNNS, FWI7 v O L~
> T, BEICHESNTZ, £ L T, TGAA0SL BASD H#E TIiL, 8
MO FRE2BOEBOESVWIEBWEMZ TR L, 0AFE, SASEE W
Fht, vy bPOT75F FUBEREZIRCL TS Z &b, 8A8
DFBIBRENLRTWZI LERLTEBD, MBICXVEEAETL
Y R—FPICEHTHD L EERELE,

EHEH 5

(B ) RABIARKRRIZCESZ8A8%5%U EE LMY 7YY FO
2 3% GE FE A )

BTy POFEBRBEL LT, 18, H#iHEMFischer?R 7 v b 2 0
UG % <t BREARIEE (6 PC : OCEE) . SASEL & fEIEE (6 L : 8ABRE) &
SASE HEMASE & AR EE (S : 8AS(32FE V%)EE) D 3BT T,
FhENOBIC, R4ITA L REE. SASEH &K X UBAEH
WMIERAFEBEZE L, TLT, EH 7y PORRBRBLELT, 47
A MEFischer®5 v F 8z 4 LicBREAR 25 2 70 (Y
CREE) o 7235, SASEE A FIEHICfEA L/=8ABIXTEMEH 2 THRZIGET L%
8AS% . SASE A MIEM AR IcfE A Liz3A8EFmAE (M) 7V &
Y R) XEMHEE 2 THELSASE3.6EALSEFTOMME (M) 7D &
VY F) ZEMALL,

31

RIMFROST EXHIBIT 1024 page 2210



WO 03/013497 PCT/JP02/00671

R4 EBRE
> PR R SASHED & fil fst 8ASE F i B Bl & fR At

(g) (g) (g)
HEA v 200 200 200
DL-RXF A =" 3 3 3
= REF —F 150 150 150
o u—X 500 500 500
Ta— AN H— 50 50 50
a—F A 50 45.8 45.8
I X T VEEAIN-T6 35 35 35
v & X FHAIN-76 10 10 10
HEABR=Y & 2 2 2
v4 X /E 0.05 0.05 0.05
8A8 0 4.2 0
BASEZ H AR 0 0 4.2

SASEL A fA Kl ikEMKEF 4 LR —T, Fy M1 EEELYVDIBHDOT
SE¥RUBOEBEBREII4OngL 25, SASEHMAE (MY V&Y K
) BAFRABSOHEAX., Yy P1lLEYLZVDODTIXF FUrBOFEREIR
13.2mg & 72 %,

WE3I AR (BHTZy POBEEX21r A, BT v FDOHE
X7, HiE) ORIBTETY RABKRKEZERREER L 2,

e -7 5T AN EERLEBER., BBEOMELREBELT, bo
TEEmMEREE o TWLIRKRH (K2 4AREICHT T, BEEDOD
ST KHE (1/4) oWk (B) THeEM) &, YCREE. OCH:. BA8H

32

RIMFROST EXHIBIT 1024 page 2211



WO 03/013497 PCT/JP02/00671

3} X UBA8(32%E A)EET., EHFN27.91%£5.93%, 13.756+7.74%,
27.00+4.652 38 X 1821.18%+4.89° L p o e (K fE : ¥HELEER
ZE, a, b, cERoEXFHEMEEZDLD (P.05) ) , Lo
T, BABZSENGSU EEEFTH HE (FV 7V EYF) 2525 C
Lk, MBICHES-TETLAEAZRZOEBOES NS, HiH T v
FDOVvRALICHE > T, ARICHEINAL, LA L., SASHE & A ki
Iy, BOLPREBSBOEAVIIEETH Y, SBABORE, E0ICIX
TIXFRUVBOBECKEIT DI EEZREL KL,

E e Hl 6

(7% FrBz2aF+vsmiE (VU EY N BEBAELNTEN
D FE)

TI7F VI00EEBEVCRLBNBAZ Y Y VISEERITKZE
N % 50~60CTEHML, HE2000cpD BT F U #HEELZFEHELL, K
WCEEMA 1L TEETISX N VBREAEHE (FYV 7)Y F) TEX
I VEHMO.05EEYRESGL. NEW 1 2R LE, REF 2 THE
SASZ32FNGEARTH M (MY 7V Y F) i ¥ I EMO0.05
BEEIEEASL. NEW2 2R L, EREFA 1 THLZT I K
BEEmE (MY 7YY F) 0EE%:AME (YFhWm: 2EVR
WEDBEZ A I FRVAFZ VBRIV RFayAdtz rBOFEIX
. FENFNRS IEEYS L U26.5E8E%) S50EE%» CEAS L, ¥ 3
E0.05EE%ZEBEAELTHNAEY I 2FAR L, ERWALITHLT
SERVvBEEWE (FVZUEY F) 80%EfmM (YJ7H: &8
PFEBRICEDD oA a YR Z o vBRBIVRatr~xdz v BROH
SiE. EhFRS1IEEWB L 0'26.5H2E% 208&% CTRAL., ©
% X VEMHO.05EEYZRBREL THEYLEZRAR L, THLOARFEY
125 4Z2A0VWT, FELX VI VRBROEEZITY., 18K
Wz D 180ngONEFEWEERTHY 7 M 7V ERELL,

33

RIMFROST EXHIBIT 1024 page 2212



WO 03/013497 PCT/JP02/00671

EhEH 7

(A i B &~ o )

ERF 2 THSASEIZENYERF T O M (M) 27U &Y F) 40
Og. JEHIPAEH L > F 48g, A L A »E20g. 7V & U 100k U'0.
IN HHE Y — F40nlZ Mz, FEDFAF—THBRSIERLOL, &E
HRAEBKkEMNMZT4Y ybreT5, ZhzaEEENILLEIC
<H L., BELEZAH L2, ZBEALKZ200lT 277 X F
o 7By FizHBELEDSL, 121°C, 204 M. & EHRKHE R L E
LCHEMSEMEAl &5 5,

= JiE 51 8

(P a—R~DER)

B-vZ7 T ALY 2% 20%T F J — LKRER20mLIZEM L.
TR —F—TCHEBLAXL, ERALITEET I FUCERE
HRrYZUEY R (FIEZ0.00HE%ES) 100negZ I 2. 50
CT2HEMAFax—F L7k, BRAH (WIKMA) &, 6K
EHRE2HF TN OACTIORMAA T aX— Lk, £ LETLE
Z.BELABEICEIVENL, n-~X U THRER., KEELZBRZITVL
LT IXRUBEAENIZYV Y REEFETHVI/IRTFADMY
Al EWl.8esx B, ZTOHEKIgE YV =2 — RI0LICH —CEEE
¥, T5FRUVBEE NI ZVRY FEEFATH YV 2—RAZHE
L7z,

34

RIMFROST EXHIBIT 1024 page 2213



WO 03/013497 PCT/JP02/00671

w ok o #H OH

1. 75 FUvBEREC/ X E759XF FrBe2ERENRE T 516
EMEESLTRS, MBEOCEKRTRERTSERLD VIZKREDOT
B XXk BIEHEE T 5B,

2. TSR RNUBREEBERIEHB LT SEaME. TIXFVRO
TAa— L= AT AXEEREHBRO—BL LIZTEMAET 77X F
vEETH B, PV YV EBY R, UVIEBEBLLIEREETHLIFEX
H1IICEFEOMEEY .

3. BRIBHEBO —WMXIXE£EATIXFRFRCVBTHDL I U E
U RS, 1,3-fLICheHIERER S, 2-Pic T I X FUrBaEa L b
YZ Y)Y FTHIBEREZ2ICHEBMOMEKY .

4. HYEEFEEN., REBEK 6 ~122F T 53HEHBRIAPOREBITINK
LD THHEREIICHEHMOMET

5. HEEIBIFEBRS,. REKSELZ2AHAITIRIBRLPLRBINTLLOD
ThAHEREAICTEEROEERD,

6. BRIBIFBD —BIX IR T IXFFrBThbd )70k
Y F2EBT35 Y 7)Y FE2EATHRS., BEEOCEKRTIRER
T EERDPEVWITEROTFHXIIXEBERAEEF T 5HERY.

7. BRIEBFBF®RO —HIXEWB 7 I FCrBRTHD NI 7D ®
Y RE2EFT3MV 708U FO, 7T5F RUBgofan, Y7
VYY) FEERITILEHBRICHLTIVEEWWAETDHDLZ & 25
e+ D, BHEREGICEHOHEEY.,

8. BRIEFBRO—HMIXIIEWATSFFUyETHLS LI 7 ) &
Y RE2EEHTB 3RV ZYVEY FB, 47 017 (Mortierella
Y BB T A3 MAERP OB LEZLD ThHDEREGE XX 7 TR
2% 8547/

35

RIMFROST EXHIBIT 1024 page 2214



WO 03/013497 PCT/JP02/00671

9. BEREBHBO WX IIEWN T IXRFryrBTchd ) 7 &
YV REEETBH BRI ZVEY FB, =4 a bR FoBeigd A
EFEERWRMNYV TV EYFTHLHIHEBEREG6~8DNTNNITHERD
HH Bk 4 .

1 0. 1,3-fricHh @B, 2T IFF Fr@EuEaLE
V7)Y RE5EALWUEEFT DRI TV Y FZFATED.
MEEOCEK TIRERTIERDDIWVWIIEBD FHXIIKXEBEEREAE
T 5D

1 1. PEEEHBRE, REK~I2EAZETIEHBE» LRI
TbDThHhdERELOOKEROMEKY.

1 2. FEHEFRE., REFKSBELzHEITIRVB»0BBEINE D
DTHDHFEREL LIcTREOHEERD

13. BMEECETIRER T HERITEE - ZFEHIOETTH
5, BRkEl1~1200nFhicieE oMk,

1 4. REECKTRRER T SERIBHEBIOKTTSL S .
RE1~1200VWTFNPICEHOMBKY,

15. MEBECETICER T IERPBRIFEEXIINEETD
5, BREl1I~L1200WTIPICEREBEOMEBRD,

1 6. HMBECKTIKERTIREN PHXBIFRTH D,
RKE1I~1200WTLICEIFOHERERY,

1 7. BMRARBTAY AL < —HERTEMOEEERTH S,
RIEL 6 ITFEHDOMERY .

1 8. MWL, BEMEEOXIEELEERY TCHLEEREL~1
TONTFNITEEROMEEY .,

19. MALIBYSEDVOEREN T IXF FUYBEITHEEL TO0.00
1~20g &2 k5K, T FVYBEO/XEIT7T7X% FUrgeiE
I L T2EMERA TR BESHMERS.

E={113
il

polll
it

I

36

RIMFROST EXHIBIT 1024 page 2215



WO 03/013497 PCT/JP02/00671

20. T7F FUBE2ERBIIRBL T I3LEYRE., 7T5F FUB
DTNA—NVTRTFTNVXITHEREBO —HH L IXL2EWRT 5 %
FyB<Thbd, Y7V EY R, VUEBEBEDLLLEEEE D 554
REIQICREBORERZMERY

21. BEREVBO—MXIXILWB 7T IFFVBETHE LY 7Y
Y FAB. L3-fMEICHEEHEER, 217 SF FUYr|gnmae Lk
FUZY Y FThLI@ERBE20CRHROR HMERY.

2 2. TEIBHBEY. REK6~12B2ETSEH®R» 5RITHh
TebDThHFERE21CEHOAENMEKY .

23. PEEVER®, REESEE2ETIHEBBEBIPLOBBIINE D
DTHDHiERE2ICEHOEE Y.

2 4. MBI AT PHAEMERA, 2-LICT 7% RUBARE
ALZEFYZU Y FEOIEEBLUESEETDIZ L2 KL T
S REMMEERY,

25. FHIEVRE, REK6~12E2ETI3BHFBR»LEITH
TbDTHLZZ L2/ ETI2EREUCEZHOAELERY.,

26. PHIEV®RS, REESHEEZ2ETI2BEHBE» S RBITNLED
DTHOEFEREDICEDRHROE HMERY .

27. BB, BEEAS., XEHDAR. BEREAA
mXIEZAARRTHL L2/ B LT 528 RELIS~260 VT h H
IZ RO #k D FE A .

28. SHLIXFaAIAFTZUBEY/ / XEFadb~FHh= g
EREREVRETIILEWEEATERD., BREL~27T00 T h H
ICFRE DMWY

29. Fadb APz BeBRIEHFBRLTIEL®. Faby
NFYP T UCBOT VA - AT RFARITEREHBRO —b LI
EHBA FIIANFTTFUBTHE, FIZVEY R, VEEDL L

37

RIMFROST EXHIBIT 1024 page 2216



WO 03/013497 PCT/JP02/00671

KIIHWRERE CTh 55 kE28ICREHOME KDY,
30. EEBT7IXFFVYBLINat~AFIUvBOELAEDLEIILE

WT, 759F FVvBE/ Ratb~xdz U@k (BEE) 80.1~150

HWEAICHD Z L 2RBMELETOFERELBXITNCEROERY .

31. &bz, MEHFOTITIHF BRIz LT, HEHWH o=
£ 2 PR BT UBS, 5HD1IEBEIAVETSHS - LA B L
TOHOBEREL~3000WThNicBHOMBERKRY.,

32. MEECETICERTZIERDZ VIIEBEOTFH X Ttz
TERHEZE TO2EAEBRPHOHEETH-T, 7T759F FUVBEUV /X
X7 7% FUBREBREFRB LI 3LESE2EMT, D2V T S
FRFRUVBEZEEHNIZEAELRZY, D53VEEELTVTLENRE
THOIRKEGEFLLDICEET I LE2BEERLTIRALERY D
k5,

833. 77 FVBROY/ XEITT5FRr-B2EREHBRLE TS
EEWEEATROIBBECKTICERTSIERDD>DIWVIZTEARAD T
BIX I BIERNZE T 5ELMERYDOIRTEITETh-> T, R EM
Bk, XEEERERYD P ORS BSHEEEOE TICERT 5 5E
RELVWITERBOTFHXIKBFEAEET D LE2RT LEBER
BHEERVO /T XETEREREAY V2R WTERRETHZ &2 HET
DHREBEOCEKTICERTIERDPIVVIEEOTFHIIREBERZ
BT 5EMMEBRY OKRSEFE,

34. TI7FFFUVBEOY/ X ET775FFrigzEBikEimed 3
tEMEEATHRLIEMMBERD TH> T, ZEEHEBRY R O/ Xix
FEMEERYITORSPREEOCETICERT I ERD S VITERA
DFHEXIKBEAE2ETI2L %2, SRARERYORERERR
O/ XERERERAY —VIERLTCIRTT S 28 ET 5
BEOCETICERTIERD I VWIIEBROFHXIREREAEZE T

38

RIMFROST EXHIBIT 1024 page 2217



WO 03/013497 PCT/JP02/00671

DB SR

39

RIMFROST EXHIBIT 1024 page 2218



WO 03/013497

PCT/JP02/00671
35cm
] 20cm
19cm
\ s
120cm
Fig.2
N
HFE S

Ie

RIMFROST EXHIBIT 1024

page 2219



WO 03/013497 PCT/JP02/00671

Fig.3

XYC8:&#moDvk~ (HBEED
®@ OABE: EEWSwhk
(PSR UBESERD
OOCH: EH>Dvkr CHBEED
O 1 i } 1 1 | !
g 2 3 4 5 6 7
] J
B phegERaIliE
4D TAvIODFEH LY (n=8)

=]
?
b~
(]
T T T T T T T T T T

7%

RIMFROST EXHIBIT 1024 page 2220



WO 03/013497

Y C8¥
BHwiow b~
CsEGEEY

AB¥
ZEoO v b
(PS5 RBsiEED)

%O

OC®
EZETOw -
(I BB EIHL)

PCT/JP02/00671

£=27.8

target quadrani=¢
1=34.8 '

target quadrant=1
£=28.6

S
target quadrant=2
J 1=36.6

OC-1

t=2.4

S
target quadrant=1
£=30.2

RIMFROST EXHIBIT 1024 page 2221

P ABEDDS>T2EBE (1./4)




PCT/JP02/00671

WO 03/013497

(fG1)
MUNAL £ SA0°0>dxx SN G0 "0 >dx
(38R (fEFEEEX) (HEE ] FCd)
JhCRE JNCHE < CRFE
#0 A 00 #VO0
I
°
°
INIS ®
Dl = I T e I A S
®
°
s . $
. . :
° °
'
°

o
BT

=)
£

t

[on I Ko BN an | o
N — —

=z

2

RBLT. o2
ik LD (1)

%

RIMFROST EXHIBIT 1024 page 2222



WO 03/013497 PCT/JP02/00671

- (R=-0.38) (R=0.32)
NL e : ®
EuoL ® : °
R i ® I ®
2 3.5 o, o o @) ®
ﬁ[\’ 3.0F o - o
R, 251 e o - O g
Eﬂf 2.0 L 1 1 L 1 1 L 1 1 1 1 1 I
0 10 20 30 L0 50 60 70
EERFR (s) BEFKELBROD H 1196 (%)

KEEEFBD/INSA—Y
(@ : PSOETRUERE (n=5) { O: %888 (n=5))

5

RIMFROST EXHIBIT 1024 page 2223



PCT/JP02/00671

%#’%ﬁ%ﬁﬁkﬁd < E%tﬂﬁﬁ% K701-PCT
(HEA ) - ETRUEE: 20024F01 8298 (29.01.2002) kEEB 17RR004y51%)
VITT 51 [oRA)C 7 Bf:b\ﬁﬁmjuiﬁﬁ
L e At ERCHE T I
™. v :tl/\ 7~ y N : -
FEROHISMCEET SR T (# RI=BEL
B4, 17(v) B TOE1D2. 1{a)(v))
Yo b —#AHIE, . -
*@E‘%Hﬂﬁﬁ@%*ﬁl:ﬁﬂﬁéhf— ERLEUTDES
_ TSRS ECEFH LTS,
VITI51 | Bios OETE ZOMM: A B2 =Ry FOR—LR—=JIZTIHE,
()
VIIE-5-1 | BESRD A i 20014078318 (31.07. 2001)
(ii)
VIIT-5-1 | BESR DA FR: ZBRSY FEEDOIFTARENE. 7SI FUE
(ii1) ~ DERICE>»THEINS
VITI-5-1 | BRSR OBBFR E24EBFREMERE-F4 4B EBEANERFEEE
(iv) BODHR—LR— http://plaza. umin. ac. jp/~
neuro21/ —iEEInSSL EBEBEPE
- S— —04 40P
VITT-6-1 T CIx. YRODIE DI 3 =1
o ERES e TATOEEHR

RIMFROST EXHIBIT 1024 page 2224



INTERNATIONAL SEARCH REPORT Internatjonal application No.
PCT/JP02/00671

A. CLASSIFICATION OF SUBJECT MATTER
Int.cl’” A61K31/202, 31/232, A61P25/24, 25/28, A23L1/30, 2/52,
A23D9/00

Minimum documentation searched (classification system followed by classification symbols)
Int.cl’ A61K31/202, 31/232, A6ip25/24, 25/28, A23L1/30, 2/52,
A23D9/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Tlectronic data base consulted during the international search (name of data base and, where practicabie, search terms used)
CAPLUS(STN), MEDLINE(STN), EMBASE(STN)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X LYNCH M. A. et al., Impaired spatial memory in aged 1-32,34
rats 1s associated with alterations in inositol
phospholipid metabolism, Neuroreport, 1994, Vol.5,
No.1l2, pages 1493 to 1497

A WAINWRIGHT P. E. et al., Water maze performance is 1-32,34
unaffected in artificially reared rats fed diets
supplemented with arachidonic acid and
docosahexaenoic acid, J. Nutr., 1999, Vol.129, No.5,
pages 1079 to 1089

A WAINWRIGHT P. E. et al., Arachidonic acid offsets the 1~-32,34
effects on mouse brain and behavior of a diet with a
low (n-6):(n—-3) ratio and very high levels of
.docosahexaenoic acid, J. Nutr., 1297, Vol.1l27, No.l,
pages 184 to 193

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents: “T”  later document published after the international filing date or
“A”  document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention
“E”  earlier document but published on or after the intermational filing “X”  document of particular relevance; the claimed invention cannot be
date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“O”  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such
means combination being obvious to a person skilled in the art
“P”  document published prior to the international filing date but later “&” document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
20 March, 2002 (20.03.02) 02 April, 2002 (02.04.02)
Name and mailing address of the ISA/ Authorized officer

Japanese Patent Office

Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (July 1998)

RIMFROST EXHIBIT 1024 page 2225



International application No.

INTERNATIONAL SEARCH REPORT PCT/JP02/00671

BoxI Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 33

because they relate to subject matter not required to be searched by this Authority, namely:
Claim 33 pertains to business activities and thus relates to a subject matter
which this International Searching Authority is not required, under the
provisions of Article 17(2) (a) (i) of the PCT and Rule 39 (iii) of the
Regulations under the PCT, to search.
2. EI Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. [[] Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

BoxII Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. l:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable

claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

4. ':] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

|
Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998)
RIMFROST EXHIBIT 1024 page 2226



E AR R

ERHEES PCT./JP02/00671

A, RHAOBRITLIHTONE (FRHAFSE (IPC) )

Int. C1" A61K31/202, 31/232, A61P25/24, 25/28, A23L1/30, 2/52,

A23D9/00

B. WE#{ToENE

WA AT o e/ NRER (EERFRF23R (1 PC) )

Int. C1" A61K31/202, 31/232, A61P25/24, 25/28, A23L1/30, 2/52,

A23D9/00

B/ NRERLAOER CHREEZ T A FICEERD O

EEAECHER LEETT —FX— R (F—FX—2ADAFK,
CAPLUS (STN) , MEDLINE (STN) , EMBASE (STN)

AR L FRE

C. BE35LBEDHILEIM

5| HCERD
AT Y —*

FURSCHRSE KO —HROMEFTASBNET S & &3, £ OBE§ 5 BETORT

FEfE R
FEROHHOES

X

| 1497

Vol. 129, No. b, pages 1079 to 1089

LYNCH M. A. et al, Impaired spatial memory in aged rats is
associated with alterations in inositol phospholipid
metabolism, Neuroreport, 1994 Vol. 5, No.12, pages 1493 to |

WAINWRIGHT P. E. et al, Water maze performance is unaffected
in artificially reared rats fed diets supplemented with
arachidonic acid and docosahexaenoic acid, J. Nutr.,

1-32, 34

1-32, 34

1999,

Xl CHio#s o b XMAFIE STV,

EI NFEVRTF S D-—&:EE“&‘Z))“:U%E%ZSH@Q

* BIEAXEOITITY —

rAJﬁk%@®%éi%fﬁ@<
HO

'E) ERBEBETOBEE ZBETrch a8,

BB AERERELO

(L) Eseke FIRIC RS 24008 1 % SR U oo TR O F 1T
B3 L < iR 28l 2 s 2 0ICE A4 5
IR (BEREAT)

O] AFEIC X B8R, #HH. BREICSET 330

—HRHIET AR 2 7R
EBR R B

D B DEITATE ST 30R

FTJ@%&%HX&@%E&K&%éntﬁﬁf%of
HELFETD > LOTITRL ., XHOEEIXERG
DOHEEDO DB AT AL O :

X ] HSICEEDH DR TH - T, YR D 4 CHET
DOFRMEIIESER 2N EZ RS HD

(Y HICEEDH DL TH > T, Yk & fho 1 L
roiiken, YEEFICL S THHATH 3SR
Yo THSBHENRLNEEZLNA LD

TP ERBEAATC, P oEEECTEOEMELIHE (&) B—3F 2 77 IV —3CER

EEsiES2>52T L= H. R e DRREH

BBRH %ET 20. 03. 02 @Wﬂ}ﬁ #& % 02304°O‘?;

EIESAE B oL B R R H THE BHTFEREE (EROHDHE) 9455
AAESSFT (ISA/JP) . BE

HEHXHSF100—-8915
HRHTREXESE=THE4%E3 %

ERES 03——3581—1101 Wrﬁ 3451

BXPCT/I1SA/210 (E2~_—)

(199847A)

RIMFROST EXHIBIT 1024 page 2227



EPS RS EEREHmEES PCT/JP02/00671

C (frx) . BHESDLFBDHONDIER

B SRR D BT 5
KT Y —%k BLAIRE BRO—EOEFAEET S & X3, ZOBEETAEHioFR FaROFHDOEE
A WAINWRIGHT P. E. et al, Arachidonic acid offsets the effects 1—32,34

on mouse brain and behavior of a diet with a low (n—6): (n-3)
ratio and very high levels of docosahexaenoic acid,
J. Nutr., 1997, Vol. 127, No.1l, pages 184 to 193

BXPCT/1SA 210 (2—CofEx) (19984£7H)
' RIMFROST EXHIBIT 1024 page 2228



E AR E RS EEEHEES PCT/JP02/700671

I SRoOMBHO—HOFENTERVWEEDER (B1—V0 2 0HX)

BESLEIE (PCT174612 (1)) oEEBIZLY, ZoEBHERSIIOBEHBIC L VG RkOFMHAD—ERIC2VWTE

RLZehol,

1. X] sgEsRodfEpm 33 ik CoEEHREEESRELZTIILZELRAVHRICEILOTH D,
2FEY, '

FECROFEHE 3 3 1%, FEEEBNICEAE L, PCT1 74(12) (@ Q) EKUPCTHAI3 9
§§p®ﬁﬁmib\C®E%%E%@ﬁ%§%?é:&%%L&wﬁ%ﬁ%é%@?

R oFuER 1. AERLEEREEZ TAZ LA TEAIREE CHIEQELERK - LTY
RVWEBEHBEOESICEBAILOTHD, 2FEY,

3. [] sskosm X, ERFEROFE TH > TP CTHAS. 4(a) DF 2 XRUEH 3 XOHEIC
Peo TEEHH TV,
B BHOB—MARMLTNBLEDOER B1—V0 3 0fkX)

b

\]

w

N

YIZHR R B L 3 i - oEEHEIC U EoSHNH B & = OFEEFEEHSENIIER D -,

[ HEASKRERBMAEREE 2 T TIPSR Lz T, ZoEBRERE R, T C ORISR

DEFIZ VW TERR Lz,

] ERETFHR 2 ERT 52 TbARL< ., TN TOWETRELHROEHEC SV THET S 2 L TS DT, @

RTINS ZRD 72 e,

[ HEASSSEREMPEET R E —E 0% LI RICHT Lad 0T, ZOEBRERSIT. koM

G0 I o To R DEFEROFEE O BT OVWTIER Lz,

[0 HEASSEAENTEEREE S HIFPICHET LR o0 T, - OEBTHESRE I, FROMEO RIS

EN TV B REAIIEDROFEROFEERIC OV TER Lz,

EIMFIEFRR O BBEOBSI TICHT 5 ER

[ BmREERscE om & 3 HEAD b RRR ST TR b o,

[ ssimsazsssost ot & 3 A & B3k S le s o Te,

BRXPCT/ISA/ 210 (1Y% (1)) (199847H)

RIMFROST EXHIBIT 1024 page 2229



EP 1419 768 A1

Europédisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(1) EP 1419768 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 158(3) EPC

(43) Date of publication:
19.05.2004 Bulletin 2004/21

(21) Application number: 02716453.2

(22) Date of filing: 29.01.2002

(51) Intcl.”. A61K 31/202, A61K 31/232,
AG1P 25/24, A61P 25/28,
A23L 1/30, A23L 2/52,
A23D 9/00

(86) International application number:
PCT/JP2002/000671

(87) International publication number:
WO 2003/013497 (20.02.2003 Gazette 2003/08)

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGB GRIE ITLILU
MC NL PT SE TR

(80) Priority: 02.08.2001 JP 2001235519

(71) Applicant: SUNTORY LIMITED
Osaka-shi, Osaka 530-8203 (JP)

(72) Inventors:
¢ AKIMOTO, Kengo
Mishima-gun, Osaka 618-0001 (JP)
¢ KAWASHIMA, Hiroshi
Takatsuki-shi, Osaka 569-1121 (JP)

¢ ONO, Yoshiko

Osaka-shi, Osaka 533-0022 (JP)
*« OKAICHI, Hiroshige

Hirakata-shi, Osaka 573-0084 (JP)
* OKAICHI, Youko

Hirakata-shi, Osaka 573-0084 (JP)

(74) Representative: Stoner, Gerard Patrick et al
MEWBURN ELLIS
York House
23 Kingsway
London WC2B 6HP (GB)

(54)

COMPOSITIONS HAVING EFFECTS OF PREVENTING OR AMELIORATING CONDITIONS OR

DISEASES CAUSED BY BRAIN HYPOFUNCTION

(67)  The object of the present invention is to provide
a composition that has preventive or ameliorative action
on symptoms or diseases caused by decreased brain
function. This cemposition contains, as its active ingre-

dient, arachidonic acid and/or a compound having ara-
chidonic acid as a constituent fatty acid and, particularly,
an alcohol ester of arachidonic acid or a triglyceride,
phospholipid or glycolipid in which all or a portion of the
constituent fatty acids are arachidonic acid.

Fig.3

[4)]
(=]
L L L L L L L

LEARNING ACQUISITION(Hit%)
I~
=)

X GROUP YG:YOUNG RATS(CONTROL DIET)

20 ® GROUP 0A:OLD RATS .
v (ARACHIDONIC ACID DIET)
10 OGROUP 0C:0LD RATS (GONTROL DIET)
0 L 1 1 1 ) L L 1
1 2 3 4 5 6 7

LOCATION TASK TRAINING .
MEAN Hit% OF EAGH BLOCK DURING FOUR TRIALS (n=8)

Printed by Jowve, 75001 PARIS ) RIMFROST EXHIBIT 1024 page 2230



70

175

20

25

30

35

40

45

50

55

EP 1419768 A1
Description
BACKGROUND OF THE INVENTION
Technical Field

[0001] The present invention relates to a compesition, and its production method, that has preventive or ameliorative
action on symptoms or diseases caused by decreased brain function, having for its active ingredient arachidonic acid
and/or a compound having arachidonic acid as its constituent fatty acid. More particularly, the present invention relates
to a preventive or ameliorant for decreased memory or learning ability, decreased cognitive ability, emotional disorders
(e.g., depression) and mental disorders (e.g., dementia, and specifically Alzheimer's dementia, and cerebrovascular
dementia), a composition that has preventive or ameliorative action and a production method thereof, having for its
active ingredient at least one type selected from the group consisting of arachidonic acid, alcohol esters of arachidonic
acid, and triglycerides, phospholipids and glycolipids in which a portion or all of the constituent fatty acid is arachidonic
acid.

Background Art

[0002] There has been a sudden increase in the proportion of elderly persans in society, in recent years, accompa-
nying advances made in the field of medicine. This is resulting in a corresponding increase in the number of persons
suffering from senile dementia. According to the "Annual Report on Health and Welfare 1999-2000" and the "Report
on the Study of Countermeasures for Elderly Persons with Dementia", the number of elderly suffering from dementia
during the 2000 fiscal year was 1.5-1.6 million, and the number of dementia patients age 65 and over reached 1 in 14
persons. The number of these patients is predicted to increaseto 1in 10 persons by 2030. As senile dementia progress-
es, it causes impairment of mental functions and emotions, eventually causing problems in terms of everyday life and
social activities. The causes of senile dementia can be divided into cerebrovascular dementia, Alzheimer's dementia
and combinations thereof. Although research and development activities have been conducted on drugs effective for
the treatment of these brain disorders (including those that improve cerebral circulation and metabolism as well as
those that inhibit dementia), an effective therapeutic drug has yet to be found. Although cerebral infarctions occur to
a certain extent as people age, the occurrence of dementia can be prevented by, for example, using the brain. In
consideration of this, it is thought to be quite possible to develop drugs targeted at not only treatment, but prevention
as well. However, a drug that is safe and can be taken easily by persons ranging from infants to the elderly, inhibits
decreases in brain function, prevents symptoms or diseases caused by decreases in brain function and exhibits amel-
iorative effects has, essentially, not yet been developed.

[0003] Research studies have been conducted in the past on methods for improving brain function, examples of
which include a method for improving the metabolism of brain energy that activates the functions of cells by allowing
brain cells to efficiently absorb nutrients (such as by elevating brain glucose levels), a method for improving cerebral
circulation for the purpose of adequately supplying necessary nutrients and oxygen to brain cells by improving cerebral
blood flow (such as by increasing cerebral blood flow volume), and a method for activating neurotransmission that
takes place in synaptic gaps mediated by neurotransmitters (by supplying precursors of neurotransmitters (e.g., by
supplementing with choline or acetyl CoA), inhibiting conversion of released neurotransmitters (e.g., by inhibiting ace-
tylcholinesterase), increasing release of neurotransmitters (e.g., by increasing the release of acetylcholine or glutamic
acid) or activating neurotransmitter receptors), and protecting nerve cell membranes (by, for example, antioxidation,
supplying membrane components and preventing arteriosclerosis).

[0004] During the course of this past research, although ingredients that prevent symptoms or diseases caused by
decreased brain function as well as ingredients that have ameliorative effects have been found, their effectiveness
remains doubtful at the present time, and an effective drug has yet to be found for use as a pharmaceutical. Moreover,
inthe case of considering applications to foods, there has also been the additional difficulty of being limited to ingredients
of natural erigin.

[0005] The brain consists of tissue that resembles a mass of lipids. For example, phospholipids account for one-
third of the tissue that comprises white matter and one-fourth of the tissue that comprises gray matter. The polyunsat-
urated fatty acids in the phospholipids that compose the various cell membranes of brain cells consist primarily of
arachidonic acid and docosahexaenoic acid. However, this arachidonic acid and docosahexaenoic acid cannot be
synthesized de novo by animals, and must be ingested from the diet either directly or indirectly (as lincleic acid and
a-linolenic acid that are precursors of arachidonic acid and docosahexaenoic acid).

Therefore, attention is being focused on the improvement of learning and memory abilities and the prevention and
recovery of senile dementia associated with docosahexaenoic acid. However, among the major fatty acids of phos-
pholipids of the brain, not only docosahexaenoic acid, but also arachidonic acid is an important fatty acid that is present
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in roughly the same degree. Sonderdegr, et al. determined that, in contrast to the proportion of arachidonic acid in
phospholipids of the hippocampus being 12.4% by weight in normal individuals, that proportion decreases significantly
to 8.1% by weight in Alzheimer's patients (Lipids, 26, 421-425, 1991). In this manner, although this suggests that
arachidonic acid has the potential for playing an important role in maintaining brain function, concrete evidence has
yet to be presented.

[00068] Severalinventions have been indicated that utilize arachidonic acid for maintaining brain function. The "learn-
ing ability improver" described in Japanese Unexamined Patent Publication No. 68-256179 is an invention that has for
its active ingredient a 1,2-diacyl-sn-glycerol derivative, various polyunsaturated fatty acids bound at 2-position are
listed, and arachidonic acid is indicated as one of those fatty acids. However, only a 1,2-diacyl-sn-glycerol derivative
inwhich docosahexaenoic acid is bound is specifically indicated in the examples, while arachidonic is listed only without
any demonstration of its effect. A novel brain function ameliorant and a combination of ganglioside and arachidonic
acid as ameans forsupplying a nutrient composition that contains the same are indicated in a "brain function ameliorant
and nutrient compaosition" described in Japanese Unexamined Patent Publication No. 10-101568. However, although
an experiment using naturally aged rats is indicated as a test example, the age of the rats at testing is only 13 months,
which is equivalent to a human age of 33 years (one day for rats is equivalent to one month for humans), thus making
it difficult to consider such a test as indicative of an aging model. In addition, the proportion or amount of arachidonic
acid in brain phospholipid typically does not exhibit any changes at this age, and since decreases in brain function
caused by aging are also not observed at this age, the effects of arachidenic acid would typically be considered to be
unlikely to occur. In actuality, the effect of arachidonic acid alone was not evaluated in the test example, and it was
merely indicated that arachidonic acid enhances the effect of ganglioside.

[0007] The "proteinkinase Cisozyme activator" describedin Japanese Unexamined Patent Publication No. 6-279311
indicates the activation of protein kinase C, which plays an important role in intracellular information transmission, and
a senile dementia therapeutic drug as its accompanying effect. However, the active ingredient is a phosphatidyl serine
derivative having polyunsaturated fatty acids as its constituent fatty acids, and one of those polyunsaturated fatty acids
is arachidonic acid. In the examples, however, there are no large differences in the effect of arachidonic acid between
phosphatidy! serine derivatives bound with lincleic acid and a-linolenic acid, there is no superiority of phosphatidyl
serine derivatives having arachidonic acid as a constituent fatty acid, and the effect of arachidonic acid is not demon-
strated. In addition, as evaluation consists only of measurement of enzyme activity, preventive or ameliorative effects
on symptoms or diseases caused by decreased brain function are not clarified. In this manner, although several in-
ventions have been indicated that utilize arachidonic acid to maintain brain function, since arachidonic acid and com-
pounds having arachidonic acid as a constituent fatty acid were not supplied in adequate amounts, the inventors are
unable to identify the true effects in animal experiments and so forth, and merely describe arachidonic acid as one
member of a group of fatty acids, thereby preventing them from providing a description of the actual state.

[0008] Short-term and long-term memory loss, which are pathological memory disorders accompanying organic le-
sions in the brain, are a core symptom of dementia. However, forgetfulness, which is another word for memory disorder,
is one of the most frequently observed complaints among the elderly, and decreases in learning and memory abilities
in humans accompanying physiological aging has been indicated in various research (Katzman, R. and Terry, R., The
Neurology of Aging, F.A. Davis, Philadelphia, pp. 15-50).

[0009] In looking at memory in terms of the passage of time during which memories are formed, memory can be
classified into sensory memory, primary memory and secondary memory. Primary memory may also be referred to as
immediate memory, while secondary memory may be referred to as long-term memory. Short-term memory may refer
to primary memory as well as learning ability that also covers secondary memory. Although sensory memory is formed
when there is visual input that persists for about 50 milliseconds, it is extremely unstable and ends up being lost within
250-500 milliseconds. Primary memory is retained while the subject is constantly aware of it during the time information
is recognized and processed, and fulfills the role of working memory. After information that has been processed as
primary memory is transferred to secondary memory and retained for a long period of time, it is again recalled by way
of primary memory. Since primary memory has a very small capacity, it ends up being lost in 20-30 seconds unless it
is repeatedly recalled. Secondary memory is composed of each of the steps of transfer of information processed with
primary memory, consolidation, its semi-permanent storage and its retrieval. This secondary memory is considerably
impaired with aging. Since this decrease in secondary memory is mainly the result of impairment at the stage up to
and including memory storage, there is hardly any decline observed with respect to the ability to retrieve memories
stored in youth. However, in patients with dementia, this memory is also constantly subject to impairment.

[0010] One of the effects of arachidonic acid has been clearly determined from electrophysiological analysis. A phe-
nomenon is known to occur in which, when stimuli are applied to the hippocampus at a high frequency to excite the
synapses, the subsequent synaptic responses are maintained at a high level. This phenomencon is referred to as hip-
pocampus LTP (long-term potentiation). It is based on the reversible nature of synapses and is used as an indicator
for assessment of brain function. B.M. McGahon, et al. measured the hippocampus LTP in rats housed for 8 weeks
while feeding the animals a control diet or a diet containing arachidonic acid (10 mg/rat/day) using 22-month-old old
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rats (Neurobiol. Aging, 20, 643, 1999). In comparison with 4-month-old young rats, the hippocampus LTP levels of the
old rats decreased sharply, and demonstrated a recovery to the level of young rats due to administration cf arachidonic
acid. However, in terms of the memory mechanism, this enhancement of hippocampus LTP indicates activation of
primary memery, and not activation of a shift from primary memory to secondary memory required for memory fixation.
Thus, effects on memory fixation cannot be verified unless they are clarified in a behavioral pharmacology study. In
this manner, although examples of assessing the effects of arachidonic acid using electrophysiological indicators have
been indicated, whether or not arachidonic acid and/or compounds having arachidonic acid as a constituent fatty acid
of the present invention are effective for the prevention or amelioration of symptoms or diseases caused by decreased
brain function has not been determined.

[0011] Thus, there is a strong need to develop pharmaceuticals and safer compounds, superior for application to
foods, that prevent and exhibit ameliorative effects on symptoms or diseases caused by decreased brain function.

DISCLOSURE OF THE INVENTION

[0012] Thus, an object of the present invention is to provide a preventive or ameliorant for symptoms or diseases
caused by decreased brain function, a food or beverage that has preventive or ameliorative action on symptoms or
diseases caused by decreased brain function, and a production method thereof, which have for their active ingredient
arachidenic acid and/or a compound having arachidonic acid as a constituent fatty acid. More particularly, an object
of the present invention is to provide a preventive or ameliorant for decreased memary or learning ability, decreased
coghnitive ability, emotional disorders (e.g., depression) and mental disorders (e.g., dementia, and specifically Alzhe-
imer's dementia, and cerebrovascular dementia), a food or beverage having said preventive or ameliorative action,
and a production method thereof, which have for their active ingredient at least one type selected from the group
consisting of arachidenic acid, alcohol esters of arachidonic acid, and triglycerides, phospholipids and glycolipids in
which all or a portion of the constituent fatty acids are arachidonic acid.

[0013] As a result of conducting extensive research for the purpose of determining the preventive or ameliorative
effects of arachidonic acid or compounds having arachidonic acid as a constituent fatty acid on symptoms or diseases
caused by decreased brain function, the inventors of the present invention unexpectedly determined the effects of
arachidonic acid or compounds having arachidonic acid as a constituent fatty acid through a behavioral pathology
analysis by using old rats more than 20 months old in a Morris water maze test.

[0014] Moreover, the inventors of the present invention succeeded in industrially producing triglyceride having an
arachideonic content of 20% by weight or more using microorganisms, were able to use this for testing the effects of
the present invention, and determined the effects of said triglyceride.

[0015] Moreover, the inventors of the present invention also succeeded in producing oils and fats containing triglyc-
eride in which medium-chain fatty acids are bound at 1,3-position and arachidonic acid is bound at 2-position, were
able to use this for testing the effects of the present invention, and determined the effects of said triglyceride.

[0016] Thus, the present invention provides a preventive or ameliorant for symptoms or diseases caused by de-
creased brain function, a food or beverage having preventive or ameliorative action on symptoms or diseases caused
by decreased brain function, and a production method thereof, which have for their active ingredient arachidonic acid
and/or a compound having arachidonic acid as a constituent fatty acid. More particularly, the presentinvention provides
a preventive or ameliorant for decreased memory or learning ability, decreased cognitive ability, emotional disorders
(e.g., depression) and mental disorders (e.g., dementia, and specifically Alzheimer's dementia, and cerebrovascular
dementia), a food or beverage having said preventive or ameliorative action, and a preduction method thereof, which
have for their active ingredient at least one type selected from the group consisting of arachidonic acid, alcohol esters
of arachidenic acid, and triglycerides, phospholipids and glycolipids in which all or a portion of the constituent fatty
acids are arachidonic acid.

[0017] As aresultofthe presentinvention, a preventive or ameliorant for symptoms or diseases caused by decreased
brain function, a food or beverage having preventive or ameliorative action on symptoms or diseases caused by de-
creased brain function, and a production method thereof, which have for their active ingredient arachidenic acid and/
or a compound having arachidonic acid as a constituent fatty acid, can be provided, and are particularly useful for all
humans considering the growing size of the elderly population throughout society.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]
Fig. 1 is a schematic explanatory drawing of a device used for a Morris water maze test.

Fig. 2 provides an explanation of learning acquisition (Hit%).
Fig. 3 is a graph showing learning acquisition relative to the number of trials made by rats.
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Fig. 4 is a drawing showing the paths swam by rats for 60 seconds in a probe test for determining the degree of
learning acquisition.

Fig. 5 is a graph showing the results of a probe test for determining the degree of learning acquisition.

Fig. 6 is a graph showing the results of determining the correlation between learning parameters and arachidonic
levels in the hippocampus.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019] The present invention relates to a preventive or ameliorant for symptoms or diseases caused by decreased
brain function, a food or beverage having preventive or ameliorative action on symptoms or diseases caused by de-
creased brain function, and a production method thereof, which have for their active ingredient arachidenic acid and/
or a compound having arachidonic acid as a constituent fatty acid.

[0020] The composition of the present invention has preventive or ameliorative action on symptoms or diseases
caused by decreased brain function, and is useful as afood or beverage, pharmaceutical or over-the-counter drug and
so forth for the purpose of prevention and amelioration (or treatment) of decreased memory or learning ability, de-
creased cognitive ability, emotional disorders (e.g., depression) and mental disorders (e.g., dementia, and specifically
Alzheimer's dementia, and cerebrovascular dementia).

[0021] More specifically, the compound of the present invention has preventive or ameliorative action on symptoms
or diseases caused by decreased brain function accompanying aging, is useful as a food or beverage, pharmaceutical
or over-the-counter drug and so forth for the purpose of prevention and amelioration (or treatment) of decreased mem-
ory or learning ability, decreased cognitive ability, emotional disorders (e.g., depression) and mental disorders (e.g.,
dementia, and specifically Alzheimer's dementia, and cerebrovascular dementia), and is useful as a food or beverage,
health food, functional food, food for specified health uses or geriatric food for the purpose preventing forgetfulness,
preventing senility, maintaining and improving memory, maintaining and improving concentration, maintaining and im-
proving attentiveness, refreshing the mind, maintaining wakefulness and maintaining youth.

[0022] In addition to free arachidonic acid, all compounds having arachidonic acid as a constituent fatty acid can be
used for the active ingredient of the present invention. Examples of compounds having arachidonic acid as a constituent
fatty acid include salts of arachidonic acid such as calcium salts and sodium salts. Other examples include alcohol
esters of arachidonic acid such as arachidonate methyl ester and arachidonate ethyl ester. In addition, triglycerides,
phospheclipids and glycolipids in which all or a portion of their constituent fatty acids are arachidonic acid can also be
used.

[0023] Inthe case of considering applications to foods, arachidonic acid is preferably in the form of a triglyceride or
phospholipid, and particularly preferably in the form of a triglyceride. Although there are hardly any supply sources in
the natural world of triglycerides containing arachidonic acid (synonymous with triglycerides containing triglycerides in
which all or a portion of the constituent fatty acids are arachidonic acid), the inventors of the present invention made
it possible to industrially utilize triglyceride containing arachidonic acid, and by using old rats more than 20 months old
in a Morris water maze test, determined for the first time the effects of the active ingredient of the present invention by
behavioral pharmacology analysis, clearly demonstrating that it has preventive or ameliorative action on symptoms or
diseases caused by decreased brain function.

[0024] Thus, in the present invention, triglycerides can be used that contain triglycerides in which all cr a portion of
the constituent fatty acids are arachidonic acid (triglycerides containing arachidonic acid), the active ingredient of the
present invention. Oils and fats (triglycerides) in which the proporticn of arachidonic acid among all fatty acids that
compose the triglyceride is 20% by weight (w/w) or more, preferably 30% by weight or more, and more preferably 40%
by weight or more, are the preferable form of triglycerides that contain arachidonic acid in the case of applying to foods.
Thus, in the present invention, all triglycerides can be used provided they are obtained by culturing microorganisms
having the ability to produce oils and fats (triglycerides) containing arachidonic acid.

[0025] Examples of microorganisms having the ability to produce oils and fats (triglycerides) containing arachidonic
acid include microorganisms belonging to the genii Mortierella, Conidiobolus, Pythium, Phytophthora, Penicillium,
Cladosporium, Mucoer, Fusarium, Aspergillus, Rhodotorula, Entomophthora, Echinosporangium and Saprolegnia. Ex-
amples of microorganisms belonging to the genus Mortierella subgenus Mortierella include Mortierella elongata, Mor-
tierella exigua, Mortierella hygrophila and Mortierella alpina. Specific examples of these strains include Mortierella
elongata IF08570, Mortierella exigua IFO8571, Mortierella hygrophila IF05941 and Mortierella alpina IF08568,
ATCC16266, ATCC32221, ATCC42430, CBS219.35, CBS224.37, CBS250.53, CBS343.66, CBS527.72, CBS529.72,
CBS608.70 and CBS754.68.

[0026] All of the these strains can be acquired without restriction from the Institute for Fermentation (IFO), Osaka,
Japan, the American Type Culture Collection (ATCC), USA and the Centrralbureau voor Schimmelcultures (CBS). In
addition, the strain Mortierella elongata SAM0219 (NIBH Deposit No. PERM P 8703) (NIBH Deposit No. PERM BP
1239), which was isolated from the soil by the research group of the present invention, can also be used.
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[0027] In orderto culture the microbial strains used in the present invention, spores or mycelia of that microbial strain
or a pre-culture liquid obtained by culturing the microbial strain in advance are inoculated into liquid or solid media. In
the case of liquid media, although glucose, fructose, xylose, saccharose, maltose, soluble starch, molasses, glycerol
or mannitol are typically used as a carbon source, any of these may be used and there are no restrictions on them.
Examples of nitrogen sources that can be used include natural nitrogen sources such as peptones, yeast extract, wheat
germ extract, beef extract, casamino acids, cornstarch' stiplica, soybean protein, defatted soybean and cotionseed
residue, as well as organic nitrogen sources such as urea, and inorganic nitrogen sources such as sodium nitrate,
ammonium nitrate and ammonium sulfate. In addition, inorganic salts such as phosphates, magnesium sulfate, iron
sulfate and copper sulfate as well as vitamins and so forth can be used as necessary as trace nutrient sources. There
are no particular restrictions on these media ingredients provided they are at a concentration that does not impair
microorganism growth. In practical terms, the nitrogen source should typically have a concentration of 0.1-40% by
weight (w/v), and preferably 1-25% by weight (w/v). The initial amount of nitrogen source added is typically 0.1-10%
by weight (w/v), and preferably 0.1-6% by weight (w/v), and the nitrogen source may be added during the course of
culturing.

[0028] Moreover, oils and fats (triglycerides) having an arachidonic acid content of 46% by weight or more can also
be used as the active ingredient of the present invention by controlling the concentration of the carbon source in the
medium. Culturing consists of an organism growth phase extending from days 2 to 4 of culturing, and an oil or fat
accumulation phase extending beyond days 2 to 4 of culturing. The initial concentration of the carbon source should
be 1-8% by weight, and preferably 1-4% by weight, the carbon source should be gradually increased only during
organism growth phase and early cil or fat accumulation stage, and total amount of the sequentially added carbon
source should be 2-20% by weight, and preferably 5-15% by weight. Furthermore, an oil or fat (triglyceride) having an
arachidonic acid content of 45% by weight or more can be obtained and used as the active ingredient of the present
invention by making the gradually added amount of carbon source added during the organism growth phase and early
oil or fat accumulation stage such that the concentration of carbon source in the medium becomes O on day 7 of
culturing and beyond, preferably on day 6 of culturing and beyond, and more preferably on day 4 of culturing and
beyond, by an addition corresponding to the initial concentration of the nitrogen source.

[0029] Although the culturing temperature of arachidonic acid-producing microorganisms varies according to the
microorganism used, it should be 5-40°C and preferably 20-30°C, and after growing the microerganisms by culturing
at 20-30°C, culturing is continued at 5-20°C to produce unsaturated falty acid. The proportion of polyunsaturated fatty
acids among the fatty acids formed can be increased by controlling the temperature in this manner. The pH of the
medium is 4-10, and preferably 5-9, and culturing is carried out by aerated stir culturing, shake culturing or stationary
culturing. Culturing is normally carried out for 2-30 days, preferably 5-20 days, and more preferably 5-15 days.
[0030] Moreover, as another means of increasing the proportion of arachidonic acid in an oil or fat (triglyceride)
containing arachidonic acid besides controlling the concentration of the carbon source in the medium, oil or fat having
a high content of arachidonic acid can also be obtained by selectively hydrolyzing oil or fat containing arachidonic acid.
Since the lipase used for this selective hydrolysis does not have position specificity for triglycerides, and the hydrolysis
activity decreases in proportion to the number of double bonds, ester bonds of fatty acids other than polyunsaturated
fatty acids are hydrolyzed. The resulting triglyceride has an increased polyunsaturated fatty acid content due to the
occurrence of a transesterification reaction between the resulting PUFA partial glycerides ("Enhancement of Arachi-
donic Acid: Selective Hydrolysis of a Single-Cell Qil from Mortierella with Candida cylindracea Lipase", J. Am. Oil Chem.
Soc., 72, 1323-1327 (1998)). In this manner, an oil or fat having a high content of arachidonic acid obtained by carrying
out selective hydrolysis on an oil or fat (triglyceride) containing arachidonic acid can be used as the active ingredient
of the present invention. Although the proportion of arachidonic acid relative to the total amount of fatty acids of an oil
or fat (triglyceride) containing arachidonic acid of the present invention is preferably high for the purpose of eliminating
the effects of other fatty acids, it is not limited to a high proportion, but rather, in actuality, in the case of applying to
foods, there are cases in which the absolute amount of arachidonic acid may present problems, and even oils and fats
(triglycerides) having an arachidonic acid content of 10% by weight or more can substantially be used.

[0031] Moreover, triglycerides in which medium-chain fatty acids are bound at 1,3-position and arachidonic acid is
bound at 2-position can also be used as a triglyceride in which all or a portion of the constituent fatty acids are arachi-
donic acid. In addition, oils and fats (triglycerides) can be used that contain 5 mol% or more, preferably 10 mol% or
more, more preferably 20 mol% or more, and most preferably 30 mol% or more of a triglyceride in which medium-chain
fatty acids are bound at 1,3-position and arachidonic acid is bound at 2-position. Medium-chain fatty acids selected
from fatty acids having 6 to 12 carbon atoms can be used for the medium-chain fatty acids bound at 1,3-position of
the aforementioned triglyceride. Examples of fatty acids having 6 to 12 carbon atoms include caprylic acid and capric
acid, and 1,3-capryloyl-2-arachidonoyl-glycerol (to be referred to as "8A8") is particularly preferable.

[0032] These triglycerides in which medium-chain fatty acids are bound at 1,3-position and arachidonic acid is bound
at 2-position are optimum oils and fats (triglycerides) in the case of being used for the elderly. Although ingested oils
and fats (triglycerides) are typically hydrolyzed by pancreatic lipase when they enter the small intestine, this pancreatic
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lipase is specific for 1,3-position, enabling 1,3-position of the triglycerides to be severed resulting in the formation of
two molecules of free fatty acid, while at the same time forming one molecule of 2-monoacylglycerol (to be referred to
as "2-MG"). As this 2-MG is extremely soluble in bile acids and has a high degree of absorption, 2-position fatty acids
are typically considered to be easily absorbed. In addition, when 2-MG dissolves in bile acids, it plays the role of a
surfactant by acting to increase the absorption of free fatty acids. Next, the free fatty acids and 2-MG biosynthesize
bile acid compound micelles together with cholestercl and phospholipids, which are then incorporated into small in-
testine epithelial cells where the resynthesis of triacylglycerol takes place, after which this is ultimately released into
the lymph in the form of chylomicrons. However, this pancreatic lipase is highly specific for saturated fatty acids, thus
giving arachidonic acid the characteristic of being resistance to severing by this enzyme. Another problem is that, since
pancreatic lipase activity decreases with age, in elderly persons susceptible to symptoms and diseases caused by
decreased brain function, triglycerides in which medium-chain fatty acids are bound at 1,3-position and arachidonic
acid is bound at 2-position are the optimum type of oils and fats (triglycerides).

[0033] As a concrete example of a method for producing triglyceride in which medium-chain fatty acids are bound
at 1,3-position and arachidonic acid is bound at 2-position, such a triglyceride can be produced by allowing lipase,
which specifically acts on the ester bonds at 1,3-position of thetriglyceride, to actin the presence of cil orfat (triglyceride)
containing arachidonic acid and medium-chain fatty acids.

[0034] The oil orfat (triglyceride) serving as the raw material is a triglyceride that has arachidonic acid as a constituent
fatty acid, and in the case the proportion of arachidonic acid relative to the total amount of fatty acids that compose
the triglyceride is high, because decreases in the reaction yield can be prevented by increasing the unreacted oil or
fat (triglyceride in which only the raw material triglyceride or 1,3-position fatty acids have become medium-chain fatty
acids), the enzyme reaction temperature is normally higher than 20-30°C, preferably 30-50°C, and more preferably
40-50°C.

[0035] Examples of lipases that can be used which specifically act on the ester bonds at 1,3-position of triglycerides
include those produced by microorganisms such as Rhizopus species, Rhizomucor species and Aspergillus species,
as well as porcine pancreatic lipase. Commercially available products can also be used for this lipase. Examples of
commercially available lipases include, but are not limited to, the lipase of Rhizopus delemar (Tanabe Seiyaku, Tali-
pase), and the lipases of Rhizomucor miehei (Novo Nordisk, Lipozyme IM) and Aspergillus niger (Amano Pharmaceu-
tical, Lipase A), and any lipase can be used provided it is specific for 1,3-position.

[0036] The aforementioned lipase is preferably used in the form of lipase immobilized on a immobilizing support for
the purpose of imparting heat resistance to the enzyme since the reaction temperature is 30°C or higher, and preferably
40°C or higher, for the purpose of enhancing reaction efficiency. An ion exchange resin support in the form of a highly
porous resin having a pore diameter of about 100 Angstroms or more can be used for the immobilizing support, an
example of which is the Dowex Marathon WBA (trade name, Dow Chemical).

[0037] 0.5-20 parts (by weight) of an agueous solution of 1,3-position-specific type lipase are suspended in 1 part
of immobilizing support followed by the gradual addition of 2-5 parts of cold acetone (e.g., -80°C) to the suspension
while stirring to form a precipitate. An immobilized enzyme canthen be prepared by drying this precipitate under reduced
pressure. As an even simpler method, 0.05-0.4 paris of 1,3-position-specific type lipase are dissolved in a minimum
of water and mixed with 1 part of immobilizing support while stirring followed by drying under reduced pressure to
prepare an immobilized enzyme. Although about 90% of the lipase is immobilized on the support by this procedure,
since it does not exhibit any transesterification activity in this state, the immobilized enzyme can be activated most
efficiently by pre-treating in a solute (raw material oil or fat and medium-chain fatty acids) to which 1-10% by weight
(w/v) of water has been added, and preferably in a solute to which 1-3% by weight of water has been added, followed
by use in production.

[0038] Depending on the type of enzyme, the amount of water added to the reaction system is extremely crucial.
The transesterification proceeds with difficulty if water is not contained in the reaction system, while hydrolysis occurs
if a large amount of water is present, thereby decreasing the triglyceride recovery rate (due to the formation of diglyc-
erides and monoglycerides by hydrolysis). In this case, however, by using an immobilized enzyme that has been ac-
tivated by the aforementioned pre-treatment, the amount of water added to the reaction system is no longer important,
and the transesterification reaction is able to occur efficiently even in the complete absence of water. Moreover, the
pre-treatment can be omitted by selecting the type of enzyme agent.

[0039] By using an immobilized enzyme having heat resistance and increasing the enzyme reaction temperature in
this manner, triglyceride in which medium-chain fatty acids are bound at 1,3-position and arachidenic acid is bound at
2-position can be efficiently produced without causing a decrease in reaction efficiency even in the case of oils and
fats (triglycerides) containing arachidonic acid for which 1,3-position-specific type lipase has a low level of activity.
[0040] In the production of a food or beverage having preventive or ameliorative action on symptoms or diseases
caused by decreased brain function, arachidonic acid and/or a compound having arachidonic acid as a constituent
fatty acid may be used alone, or it may be blended with a food or beverage raw material substantially free of arachidonic
acid or containing only a slight amount of arachideonic acid. Here, a slight amount refers to an amount for which, even
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if arachidonic acid is contained in the food or beverage raw material, the food composition in which it is contained does
not reach the daily ingested amount of arachidonic acid of the present invention, to be described later, when that food
composition is ingested by a person.

[0041] In the case of triglycerides in which all or a portion of the constituent fatty acids are arachidonic acid in par-
ticular, there are no restrictions on the application of those oils and fats (triglycerides), and they can be used as raw
materials or additives of foods, beverages, pharmaceuticals or over-the-counter drugs. These triglycerides are also
not subjected to any restrictions on the purpose of their use or the amount used.

[0042] Examples of food compositions include not only ordinary foods, but also functional foods, nutritional supple-
ment foods, newborn formulas, infant formulas, baby food, foods to be consumed during pregnancy and geriatric foods.
Examples of foods that contain oils and fats include natural foods that inherently contain oils and fats such meats, fish
and nuts, foods to which oils and fats are added during preparation such as soup, foods for which oils and fats are
used as a heating medium such as doughnuts, cily foods such as butter, processed foods to which oils and fats are
added during processing such as cookies, and foods in which oils and fats are sprayed or coated during final processing
such as hard biscuits. Moreover, oils and fats can also be added to agricultural food products, fermented food products,
livestock food products, marine food products or beverages that do not contain oils and fats. Moreover, these may also
be in the form of functional foods, pharmaceuticals or over-the-counter drugs, examples of which include transintestinal
nutrients, powders, granules, tablets, capsules, troches, medicines, suspensions, emulsions, syrups and other proc-
essed forms.

[0043] Moreover,in addition to the active ingredient of the present invention, the composition of the present invention
may also contain various carriers and additives ordinarily used in foods, beverages, pharmaceuticals or over-the-
counter drugs. In particular, the composition of the present invention preferably contains an antioxidant for the purpose
of preventing oxidative deterioration of the active ingredient of the present invention. Examples of antioxidants include
natural antioxidants such as tocopherols, flavone derivatives, phyllozulcins, kojic acid, gallic acid derivatives, catechins,
butterburic acid, gossypol, pyrazine derivatives, sesamol, guaiacol, guaiac fat, p-coumaric acid, nordihydroguaiatetic
acid, sterols, terpenes, nucleic acid bases, carotinoids and lignans, as well as synthetic antioxidants exemplified by
such compounds as ascorbic palmitate ester, ascorbic stearate ester, butylhydroxyanisole (BHA), butylhydroxytoluene
(BHT), mono-t-butylhydroxyquinone (TBHQ) and 4-hydroxymethyl-2,6-di-t-butylphenol (HMBP). Examples of tocophe-
rols include a-tocopherol, B-tocopherol, y-tocopherol, §-tocopherol, e-tocopherol, &-tocopherol, n-tocopherol and toco-
pherol esters {such as tocopherol acetate). Moreover, examples of carotinoids include B-carotene, cantaxanthine and
astaxanthine.

[0044] In the composition of the present invention, in addition to the active ingredient of the present invention, ex-
amples of carriers include various immobilizing supports, extenders, diluents, thickeners, dispersants, vehicles, binder
solvents (such as water, ethanol and vegetable oils), solvent assistants, buffers, solubility promoters, gelling agents,
suspension agents, flour, rice flour, starch, cornstarch, polysaccharide, milk protein, collagen, rice oil and lecithin.
Examples of additives include, but are not limited to, vitamins, sweeteners, organic acids, colorants, fragrances, mois-
ture prevention agents, fibers, electrolytes, minerals, nutrients, antioxidants, preservatives, aromatics, wetting agents,
natural food extracts and vegetable extracts.

[0045] The major pharmacologically active ingredient of arachidonic acid and compound having arachidonic acid as
a constituent fatty acid lies in the arachidonic acid. The daily ingested amount of arachideonic acid in the diet is reported
to be 0.14 g in the Kanto region and 0.19-0.20 g in the Kansai region (Lipid Nutrition Science, 4, 73-82, 1995). In
consideration of the decreased ingestion of oils and fats by the elderly and the decrease in pancreatic lipase activity,
elderly persons are required to ingest at least an equivalent amount, and most likely an even greater amount, of ara-
chidonic acid. Thus, the daily ingested amount of the arachidonic acid and compound having arachidonic acid as a
constituent fatty acid of the present invention for an adult (for example, body weight: 60 kg) is 0.001-20 g, preferably
0.01-10 g, more preferably 0.05-5 g and most preferably 0.1-2 g as arachidonic acid.

[0046] In the case of actually applying the active ingredient of the present invention to focds or beverages, the
absolute amount of arachidonic acid blended into the food is important. However, as the absolute amount blended into
the food or beverage also varies according to the ingested amount of the food or beverage in which it is blended, in
the case of blending triglycerides containing a triglyceride in which all or a portion of the constituent fatty acids are
arachidonic acid inte a food, they should be blended so that the amount of arachidenic acid is 0.0003% by weight or
more, preferably 0.003% by weight or more, and more preferably 0.03% by weight or more. Moreover, in the case of
blending triglycerides containing a triglyceride in which medium-chain fatty acids are bound to 1,3-position and ara-
chidonic acid is bound to 2-position into a food or beverage, they should be blended so that the amount of medium-
chain fatty acids bound at 1,3-position is 0.001% by weight or more, preferably 0.01% by weight or more, and more
preferably 0.1% by weight or more, as triglyceride in which arachidonic acid is bound at 2-position.

[0047] In the case of using the composition of the present invention as a pharmaceutical, a pharmaceutical can be
produced in accordance methods ordinarily used in the field of pharmaceutical technology, such as methods described
in the Japanese Pharmacopoeia or methods conforming thereto.
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[0048] In the case of using the composition of the present invention as a pharmaceutical, there are no particular
restrictions on the blended amount of active ingredient in the composition provided the object of the present invention
is achieved, and it can be used at any suitable blending ratio.

[0049] Inthe case of usingthe composition of the present invention as a pharmaceutical, it is preferably administered
in a single administration form, and oral administration is particularly preferable. Although the dosage of the composition
of the present invention varies according to age, body weight, symptoms, number of administrations and so forth, for
example, the daily adult dosage (body weight: approx. 60 kg) of arachidonic acid or a compound having arachidonic
acid as a constituent fatty acid of the present invention is normally about 0.001-20 g, preferably about 0.01-10 g, more
preferably about 0.05-5 g and most preferably about 0.1-2 g as arachidonic acid, and should be administered by dividing
it among one to three administrations per day.

[0050] The major phospholipids of the phospholipid membranes in the brain are arachidonic acid and docosahex-
aenoic acid, and in the case of considering the balance between the two, the composition of the present invention
preferably combines docosahexaenoic acid with arachidonic acid. In addition, as the proportion of eicosapentaenoic
acid in the phospholipid membranes of the brain is extremely low, the composition of the present invention preferably
contains hardly any eicosapentaenocic acid. In addition, a composition is more preferable that contains hardly any
eicosapentaenoic acid but contains arachidonic acid and docosahexaenoic acid. In the combining of the arachidonic
acid and docosahexaenoic acid, the ratio of arachidonic acid to docosahexaenoic acid (weight ratio) is within the range
of 0.1-15 and preferably within the range of 0.25-10. In addition, a food or beverage is preferable in which the amount
of eicosapentaenoic acid does not exceed one-fifth the amount (weight ratio) of arachidonic acid.

[0051] The following provides a more detailed explanation of the present invention through its examples. However,
the present invention is not limited to the following examples.

[0052] Furthermore, health foods, functional foods, food for specified health uses, geriatric food and other food com-
positions of the present invention include those sold without any description or label on packaging container of said
food composition and/or a marketing tool (such as a pamphlet) for promoting sales of said food composition indicating
that the said food composition and/or ingredients of said food composition have preventive or ameliorative action for
symptoms or diseases caused by decreased brain function, and more specifically, preventive or ameliorative action
for symptoms or diseases caused by decreased brain function accompanying aging, prevention and amelioration of
decreased memory or learning ability, decreased cognitive ability, emotional disorders (e.g., depression) and mental
disorders (e.g., dementia, and specifically Alzheimer's dementia and cerebrovascular dementia), prevention of forget-
fulness, prevention of senility, maintenance and improvement of memory, maintenance and improvement of concen-
tration, maintenance and improvement of attentiveness, refreshing the mind, maintaining wakefulness and maintaining
youth.

Example 1

(Production Method of Triglycerides Containing Arachidonic Acid)

[0053] Mortierella alpina CBS754.68 was used for the arachidonic acid-producing microorganism. Six kL of medium
containing 1.8% glucose, 3.1% defatted soybean powder, 0.1% soybean oil, 0.3% KH,PO,4, 0.1% Na,SO,4, 0.05%
CaCl,-2H,0 and 0.05% MgCl,-6H,0O were prepared in a 10 kL culturing tank and the initial pH was adjusted to 6.0.
After inoculating with 30 L of pre-culture liquid, culturing was carried while aerating by stirringfor 8 days under conditions
of a temperature of 26°C, air flow rate of 360 m3/hour and tank internal pressure of 200 kPa. Furthermore, the stirring
rate was adjusted so as to maintain the dissolved oxygen concentration at 10-15 ppm. Moreover, the glucose concen-
tration was maintained so that the glucose concentration in the medium was within the range of 1-2.5% through day
4 and 0.5-1% after that time (the above percentages refer to w/v9%) using the flow addition method. Following completion
of culturing, those microorganisms that contain triglycerides containing arachidonic acid were recovered by filtration
and drying, and oil or fat was extracted from the resulting microorganisms with hexane followed by an edible oil puri-
fication step (degumming, deacidifying, deodorizing and decoloring) to obtain 150 kg of arachidonic acid-containing
triglycerides (wherein the arachidonic acid was bound at an arbitrary site of the triglyceride). When the methyl esters
were prepared from the resulting oil or fat (triglycerides) by transmethylation and analyzed by gas chromatography,
the proportion of arachideonic acid in the total amount of fatty acids was 40.84% by weight. Furthermore, the proportions
of palmitic acid, stearic acid, oleic acid, linoleic acid, y-linolenic acid and dihomo-y-linolenic acid were 11.63, 7.45, 7.73,
9.14,2.23 and 3.27% by weight, respectively. Moreover, 99% by weight arachidonic ethyl ester was isolated and purified
by the established method of high-performance liquid chromatography from a fatty acid ethyl ester mixture containing
40% by weight of arachidonic ethyl ester, prepared from the aforementioned arachidonic acid containing cil or fat
(triglycerides) by transethylation.
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Example 2

(Production of Triglycerides Containing 5 mol% or More of 8A8)

[0054] 100 gof anion exchange resin support (Dowex Marathon WBA: Dow Chemical, trade name) were suspended
in 80 ml of an aqueous solution of 12.5% Rhizopus delemar lipase (Talipase Powder, Tanabe Seiyaku) followed by
drying under reduced pressure to obtain immobilized lipase.

[0055] Next, 80 g of the triglycerides obtained in Example 1 containing 40% by weight of arachidonic acid (TGA40S),
160 g of caprylic acid, 12 g of the aforementioned immobilized lipase and 4.8 ml of water were allowed to react for 48
hours at 30°C while stirring (130 rpm). Following completion of the reaction, the reaction solution was removed to
obtain activated immobilized lipase.

[0056] Next, 10 gofimmcbilized lipase (Rhizopus delemar lipase, support: Dowex Marathon WBA, trade name) were
filled into a jacketed glass column (1.8 x 12.5 cm, volume: 31.8 ml), and a mixed oil or fat consisting of the TGA40S
obtained in Example 1 and caprylic acid mixed at a ratio of 1:2 was allowed to flow through the column at a constant
flow rate (4 ml/h) to allow the reaction to proceed centinuously and obtain 400 g of reaction oil or fat. Furthermore, the
column temperature was 40-41°C. Unreacted caprylic acid and free fatty acids were removed by molecular distillation
to obtain an oil or fat (triglycerides) containing 8A8. When the proportion of 8A8 in the resulting 8A8-containing oil or
fat (triglycerides) was investigated by gas chromatography and high-performance liquid chromatography, it was found
to be 31.6 mol%. (Furthermore, the proportions of 8P8, 808, 8L8, 8G8 and 8D8 were 0.6, 7.9, 15.1, 5.2 and 4.8 mol%,
respectively. The fatty acids P, O, L, G and D bound to 2-position of the triglyceride represent palmitic acid, oleic acid,
linoleic acid, y-linolenic acid and dihomo-y-linolenic acid, respectively, while 8P8 refers to 1,3-capryloyl-2-palmitoyl-
glycerol, 808 to 1,3-capryloyl-2-cleoyl-glycerol, 8L8 to 1,3-capryloyl-2-linoleoyl-glycerol, 8G8 to 1,3-capryloyl-2-y-lino-
lenoyl-glycerol and 8D8 to 1,3-capryloyl-2-dihomo-y-linclenoyl-glycerol.) Furthermore, 96 mol% 8A8 was purified and
isolated from the resulting 8 A8-containing oil or fat (triglycerides) by the established method of high-performance liquid
chromatography.

Example 3

(Evaluation of Learning Ability of TGA40S by a Morris Water Maze Test)

[0057] Forthetest groups of old rats, sixteen 18-month-old male Fischer rats were divided into two groups consisting
of a control diet group (8 animals, group OC) and a TGA40S diet group (8 animals, group OA), and the control diet
and SUNTGA40S diet shown in Table 1 were given to each group, respectively. The control diet shown in Table 1 was
given to eight 4-month-old male Fischer rats serving as a control group of young rats (group YC). Furthermore, the
TGAA40S obtained in Example 1 was used for the TGA40S used in the TGA40S diet.

Table 1
Test Diets
Control Diet | TGA40S Diet
@ @
Casein 200 200
DL-methionine 3 3
Cornstarch 150 150
Sucrose 500 500
Cellulose powder 50 50
Corn oil 50 45
Mineral AIN-76 35 35
Vitamin AIN-76 10 10
Choline bitartrate 2 2
Vitamin E 0.05 0.05
TGA40S 0 5
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[0058] Since the daily ingested amount per rat was about 20 g, the daily ingested amount of TGA40S per rat is 0.1
g. Since 40% by weight of all of the fatty acids bound to TGA40S is arachidonic acid, this means that the daily ingested
amount of arachidonic acid per rat is 40 mg (the weight of the glycerol skeleton was ignored to simplify calculations).
This 40 mg is equivalent to 133 mg/60 kg/day when converted to the ingested amount for humans.

[0059] A Morris water maze learning test was conducted around the third month of the experiment (age of old rats:
21 months, age of young rats: 7 months). The Morris water maze test is a learning test based on spatial recognition
in which water stained black with ink is filled (height of water level: 20 cm) into a water tank (diameter: 120 cm, height:
35 cm), a rat is placed on an escape platform of a size (diameter: 11.5 cm, height: 19 cm) that is just large enough for
the rat to stand on (the escape platform is located beneath the surface of the water and cannot be seen by rats swimming
in the water tank), the rat on which the learning test is to be performed is placed in the water tank at a predetermined
location in the tank (starting point), and then forced to swim to the escape platform. This test is recognized to have a
correlation with the hippocampus that governs memory, andis widely usedinthe US and Europe. Asthetestis repeated,
the rats learn the location of the escape platform. The rats were allowed to learn using the method described below.
Namely, after releasing a rat from the starting point of the Morris water maze test apparatus, if the rat was unable to
reach the escape platform within 60 seconds, the rat was placed on the escape platform, thereby enabling it to learn
the location of the unseen escape platform. This learning process was continued for 2 weeks no more than twice a
day. The percentage of the amount of time required to swim from the starting point to the escape platform within an
angular deviation range of +£15° to the total swimming time (Hit%, see Fig. 2) was used as an indicator of learning.
Although the learning acquisition rate of old rats clearly decreases as compared with young rats, as a result of feeding
TAG408S, namely arachidonic acid, learning acquisition rate improved to near the level of young rats (Fig. 3). In Fig. 3,
each graduation on the scale of the horizontal axis represents four trials, or two days worth of testing.

[0060] Next, in order to determine the degree of learning acquisition, a probe test was conducted on the day after
two weeks of the aforementioned learning, namely on day 15. If the escape platform is taken away after the rats have
acquired learning, the rats swim around at the location where the escape platform used to be. The time during which
the rats swim around at the former location of the escape platformbased onthe memory of where it used to be (evaluated
by dividing the water tank into four quadrants and evaluated as the amount of time (seconds) spent in the quadrant
where the escape platform used to be) can used to evaluate the degree of learning acquisition. The paths swam by
the No. 1 and No. 2 rats of the YC group, OA group and OC group are shown (Fig. 4). Furthermore, as the rats were
allowed to learn by changing the starting peints for individual rats, the starting point (S) and quadrant where the escape
platform used to be in Fig. 4 differ according to individual rats. In addition, in Fig. 5, target quadrant indicates the
quadrant (1/4) where the escape platform used to be. Rat OC-1 of the OC group was clearly wandered throughout the
water tank, and was only in the quadrant where the escape platform used to be for 2.4 seconds. The results of the
probe test are summarized in Table 2.

Table 2
Results of Probe Test
Test Group | Time swimming at Meant standard Sample standard t p value (from t(f:p)
location where deviation deviation value | table) degree of
escape platform (SD) (S) freedom
used to be as a f=n-
result of 1=7
remembering
location of escape
platform
(sec.)
n=28
Group 28.6, 36.6, 23.20+ 7.06 3.07 p<0.05
OA 14.8, 22.2, 7 54ab*
22.2,26.2,
13.0,21.8
Group 24,302, 19.78+ 10.09 1.25 --
oC 23.4,174, 10.79b
5.0, 23.0,

* a and b indicate a significant difference between different letters (p<0.05)
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Table 2 (continued)

Results of Probe Test

Test Group | Time swimming at Meant standard Sample standard t p value (from t(f:p)
location where deviation deviation value | table) degree of
escape platform (SD) (8) freedom
usedto be as a f=n-
result of 1=7

remembering
location of escape
platform
(sec.)
n==8

30.4,26.4

Group 27.8,34.8, 28.43+ 5.23 6.79 p<0.001
YC 30.6, 334, 5.592
20.8, 234,

34.0,22.6

[0061] In Table 2,

where,

X
represents the mean, p the population mean (15 seconds), S the sample standard deviation, SD the mean +
standard deviation and n the number of data elements (number of data elements of each group), while S represents

and SD represents

n-1

[0062] When Table 2 is expressed in the form of a graph (Fig. 5), the amount of time spent in the quadrant where
the escape platform used to be by the old rats of group OA given TGA40S (time spent swimming around the location
where the escape platform used to be as a result of remembering the location of the escape platform) can be seen to
be significantly longer. As the chance level of 15 seconds measures the time spent by allowing the rats to swim for 60
seconds, this also indicates the possibility of the rats spending time in that quadrant by coincidence. The bar graph
indicates the mean time spent by rats in the quadrant where the escape platform used to be.

[0063] Next, the hippocampus was excised from those rats used in the Morris water maze test and all of the lipids
were extracted using the Folch method. After then fractioning the lipids by thin layer chromatography, scraping off the
phospholipid fraction and removing the water by boiling with ethanol, the lipids were analyzed by gas chromatography
after converting to fatty acid methyl esters with 10% hydrochloric acid-methanol. As a result of determining the corre-

lation between the water maze learning parameters ("time to reach escape platform (the shorterthe better)", "proportion
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of time swimming toward escape platform (Hit%, the larger the better)") and the amount of arachidonic acid in the
hippocampus with a primary approximation curve based on the least squares method (Fig. 6), a negative correlation
was observed between time to reach escape platform and amount of arachidenic acid in hippocampus (correlation
coefficient R = -0.38), while a positive correlation was observed between time to reach escape platform and Hit% of
the path swam by the rats (correlation coefficient R = 0.32). In Fig. 6, the vertical axis indicates the amount of arachidonic
acid in mg per gram of hippocampus tissue. In this manner, it was shown for the first time that the administration of
TGA40S improves learning ability or cognitive ability, and it was also demonstrated for the first time that the effect is
due to arachidonic acid.

Example 4

(Evaluation of Learning Ability of 8A8 by a Morris Water Maze Test)

[0064] Forthetest groups of old rats, twenty 18-month-old male Fischer rats were divided into three groups consisting
of a control diet group (6 animals, group OC), a TGA40S diet group (6 animals, group OA) and an 8A8 diet group (8
animals, group 8A8), and the control diet, SUNTGA40S diet and BAB diet shown in Table 3 were given to each group,
respectively. The control diet shown in Table 3 was given to eight 4-month-old male Fischer rats serving as a control
group of young rats (group YC). Furthermore, the 96 mol% 8A8 obtained in Example 2 was used for the 8A8 used in
the 8A8 diet.

Table 3
Test Diets
Control Diet | TGA40S Diet | 8A8 Diet
(9 (9) (9
Casein 200 200 200
DL-methionine 3 3 3
Cornstarch 150 150 150
Sucrose 500 500 500
Cellulose powder 50 50 50
Corn ail 50 45 458
Mineral AIN-76 35 35 35
Vitamin AIN-76 10 10 10
Choline bitartrate 2 2 2
Vitamin E 0.05 0.05 0.05
TGA40S 0 5 0
8A8 0 0 4.2

[0065] Since the daily ingested amount per rat was about 20 g, the daily ingested amount of TGA40S per rat is 0.1
g. Since 40% by weight of all of the fatty acids bound to TGA40S is arachidonic acid, this means that the daily ingested
amount of arachidonic acid per rat is 40 mg (the weight of the glycerol skeleton was ignored to simplify calculations).
Since the molecular weight of TGA40S is 928.5 (calculated from mean fatty acid molecular weight) and the molecular
weight of 8A8 is 628.7, the test diet was designed so that the daily ingested amount of arachidenic acid per animal
was 40 mg in the 8A8 diet group as well.

[0066] A Morris water maze learning test was conducted around the third month of the experiment (age of old rats:
21 months, age of young rats: 7 months).

[0067] As a result of conducting a probe test, the times spent swimming around the location where the escape
platform used to be as a result of remembering the location of the escape platform (evaluated as the amount of time
(seconds) spent in the quadrant (1/4) where the escape platform used to be after dividing the water tank into four
quadrants) were 28.59+5.44a, 13.27+7.89b, 22.02+5,35¢ and 27.18+5.103¢ (values: mean + standard deviation, a, b
and c indicate a significant difference between different letters (P<0.05)) for group YC, group OC, group OA and group
8A8, respectively. Thus, as a result of administering triglyceride having arachidonic acid as a constituent fatty acid, the
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degree of learning acquisition that was decreased due to aging was significantly improved towards the level of young
rats. With respect to a comparison between TGA40S and 8A8, BA8 tended to result in a higher degree of learning
acquisition. Since the ingested amounts of arachidonic acid by the rats was the same for both group OA and group
8A8, 8A8 was indicated as being more easily absorbed than TGA40S, and was demonstrated to be effective for pan-
creatic lipase for which activity has decreased due to aging.

Example 5

(Evaluation of Learning Acquisition of Triglyceride Containing at Least 5% 8A8 by a Morris Water Maze Test)

[0068] Forthe test groups of old rats, twenty 18-month-old male Fischer rats were divided into three groups consisting
of a control diet group (6 animals, group OC), a 8A8 diet group (6 animals, group 8A8) and an 8A8-containing oil or
fat diet group (8 animals, group 8A8 (32 mol%)),and the contrel diet, 8A8 diet and 8A8-containing oil or fat diet shown
in Table 4 were given to each group, respectively. The control diet shown in Table 4 was given to eight 4-month-old
male Fischer rats serving as a control group of young rats (group YC). Furthermore, the oil or fat (triglycerides) con-
taining 31.6 mol% 8A8 obtained in Example 2 was used for the 8A8-containing oil or fat (triglycerides) used for the
8AB8-containing oil or fat diet.

Table 4
Test Diets
Control Diet | 8A8 diet | 8A8-containing oil or fat
(@ {e) diet (g)
Casein 200 200 200
DL-methionine 3 3 3
Cornstarch 150 150 150
Sucrose 500 500 500
Cellulose powder 50 50 50
Corn oil 50 45.8 45.8
Mineral AIN-76 35 35 35
Vitamin AIN-76 10 10 10
Choline bitartrate 2 2 2
Vitamin E 0.05 0.05 0.05
8A8 0 4.2 0
8A8-containing ail 0 0 4.2

[0069] The BAS8 diet was the same as that in Example 4, and the daily ingested amount of arachidonic acid per rat
was 40 g. In the case of the 8A8-containing oil or fat (triglycerides) diet, the daily ingested amount of arachidonic acid
per rat was 13.2 mg.

[0070] A Morris water maze learning test was conducted around the third month of the experiment (age of old rats:
21 months, age of young rats: 7 months).

[0071] As a result of conducting a probe test, the times spent swimming around the location where the escape
platform used to be as a result of remembering the location of the escape platform (evaluated as the amount of time
(seconds) spent in the quadrant (1/4) where the escape platform used to be after dividing the water tank into four
quadrants) were 27.91+5.932, 13.75+7.74b, 27.00+4.65¢ and 21.18+4.89¢ (values: mean * standard deviation, a, b
and ¢ indicate a significant difference between different letters (P<0.05)) for group YC, group OC, group 8A8 and group
8A8(32 mol%), respectively. Thus, as a result of administering oil or fat (triglycerides) containing at least 5% 8A8, the
degree of learning acquisition that was decreased due to aging was significantly improved towards the level of young
rats. However, the degree of acquisition was clearly lower than the 8A8 diet group, demonstrating that the degree of
learning acquisition is dependent on the concentration of 8A8, and more specifically, on the concentration of arachidonic
acid.
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Example 6

(Preparation of Capsules Containing Oil or Fat (Triglycerides) Containing Arachidonic Acid)

[0072] 100 parts by weight of gelatin and 35 parts by weight of food additive glycerin were dissolved at 50-60°C by
addition of water to prepare a gelatin coating having viscosity of 2000 cp. Next, 0.05% by weight of vitamin E oil were
mixed into the arachidonic acid-containing oil or fat (triglycerides) obtained in Example 1 to prepare Capsule Contents
1. 0.05% by weight of vitamin E oil were mixed into the oil or fat (triglycerides) containing 32 mol% of 8A8 obtained in
Example 2 to prepare Capsule Contents 2. 50% by weight of the arachidonic acid-containing oil or fat (triglycerides)
obtained in Example 1 and 50% by weight of fish oil (tuna oil in which the proportions of eicosapentaenoic acid and
docosahexaenoic acid to the total amount of fatty acids were 5.1% by weight and 26.5% by weight, respectively) were
mixed followed by mixing in 0.05% by weight of vitamin E oil to prepare Capsule Contents 3. 80% by weight of the
arachidenic acid-containing oil or fat (triglycerides) obtained in Example 1 and 20% by weight of fish oil (tuna oil in
which the proportions of eicosapentaenoic acids and docosahexaenoic acid to the total amount of fatty acid were 5.1%
by weight and 26.5% by weight, respectively) were mixed followed by mixing in 0.05% by weight of vitamin E oil to
prepare Capsule Contents 4. Capsules were formed and dried in accordance with ordinary methods using these Cap-
sule Contents 1 through 4 to produce soft capsules containing 180 mg of contents per capsule.

Example 7

(Application to a Fat Infusion Agent)

[0073] After adding 400 g of the oil or fat (triglycerides) containing 32 mol% 8A8 obtained in Example 2, 48 g of
purified egg yolk lecithin, 20 g of oleic acid, 100 g of glycerin and 40 ml of 0.1 N sodium hydroxide and dispersing with
a homogenizer, distilled water for injection was added to bring to a volume of 4 liters. This was then emulsified with a
high-pressure spraying emulsifier to prepare a lipid latex. After adding 200 ml aliquots of this lipid latex to plastic bags,
the plastic bags were sterilized by high-pressure steam for 20 minutes at 121°C to obtain fat infusion agents.

Example 8
(Application to a Juice)

[0074] 2 g of B-cyclodextrin were added to 20 ml a 20% aqueous ethanol solution followed by the addition of 100
mg of the arachidonic acid-containing triglycerides (containing 0.05% by weight vitamin E) obtained in Example 1 while
stirring with a stirrer and incubating for 2 hours at 50°C. After being allowed to cool to room temperature (about 1 hour),
the mixture was additionally incubated for 10 hours at 4°C while continuing to stir. After recoveting the resulting pre-
cipitate by centrifugal separation and washing with n-hexane, the product was freeze-dried to obtain 1.8 g of a cyclo-
dextrin inclusion compound containing arachidonic acid-containing triglycerides. 1 g of this powder was then uniformly
mixed with 10 L of juice to prepare a juice containing arachidonic acid-centaining triglycerides.

Claims

1. A composition having preventive or ameliorative action on symptoms or diseases caused by decreased brain
function comprising arachidonic acid and/or a compound having arachidonic acid as a constituent fatty acid.

2. A composition according to claim 1 wherein, the compound having arachidonic acid as a constituent fatty acid is
an alcohol ester of arachidonic acid or a triglyceride, phospholipid or glycolipid in which all or a portion of the
constituent fatty acids are arachidonic acid.

3. A composition according to claim 2 wherein, the triglyceride in which all or a portion of the constituent fatty acids
are arachidonic acid is a triglyceride in which medium-chain fatty acids are bound to 1,3-position and arachidonic

acid is bound to 2-position.

4. A compeosition according to claim 3 wherein, the medium-chain fatty acids are selected from fatty acids having 6
to 12 carbon atoms.

5. A composition according to claim 4 wherein, the medium-chain fatty acids are selected from fatty acids having 8
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carbon atoms.

A composition having preventive or ameliorative action on symptoms or diseases caused by decreased brain
function comprising triglycerides containing triglycerides in which all or a portion of the constituent fatty acids are
arachidonic acid.

A composition according to claim 6 wherein, the proportion of arachidonic acid in the triglycerides containing trig-
lycerides in which all or a portion of the constituent fatty acids are arachidonic acid is 10% by weight or more
relative to all of the fatty acids that compose the triglycerides.

A composition according to claim 6 or claim 7 wherein, the triglycerides that contains triglycerides in which all or
a portion of the constituent fatty acids are arachidonic acid are extracted from a microorganism belonging to the
genus Mortierella.

A composition according to any of claims 6 through 8 wherein, the triglycerides containing triglycerides in which
all or a portion of the constituent fatty acids are arachidenic acid are triglycerides that are substantially free of
eicosapentaenoic acid.

A composition having preventive or ameliorative action on symptoms or diseases caused by decreased brain
function comprising triglycerides containing 5 mol% or more of triglycerides in which medium-chain fatty acids are
bound to 1,3-position and arachidonic acid is bound to 2-position.

A composition according to claim 10 wherein, the medium-chain fatty acids are selected from fatty acids having 6
to 12 carbon atoms.

A composition according to claim 11 wherein, the medium-chain fatty acids are selected from fatty acids having 8
carbon atoms.

A composition according to any of claims 1 through 12 wherein, the symptom caused by decreased brain function
is decreased memory or learning ability.

A composition according to any of claims 1 through 12 wherein, the symptom caused by decreased brain function
is decreased cognitive ability.

A composition according to any of claims 1 through 12 wherein, the symptom caused by decreased brain function
is an emctional disorder or a mental disorder.

A composition according to any of claims 1 through 12 wherein, the disease caused by decreased brain function
is depression or dementia.

A composition according to claim 16 wherein, the dementia is Alzheimer's dementia or cerebrovascular dementia.

A composition according to any of claims 1 through 17 wherein, the composition is a food composition or a phar-
maceutical composition.

A food composition comprising arachidonic acid and/or a compound having arachidonic acid as a constituent fatty
acid such that the adult daily ingested amount is 0.001-20 g as arachidonic acid.

A food composition according to claim 19 wherein, the compound having arachidonic acid as a constituent fatty
acid is an alcohol ester of arachidonic acid or a triglyceride, phosphelipid or glycolipid in which all or a portion of
the constituent fatty acids are arachidonic acid.

A food composition according to claim 20 wherein, the triglyceride in which all or a portion of the constituent fatty
acids are arachidonic acid is a triglyceride in which medium-chain fatty acids are bound to 1,3-position and ara-
chidonic acid is bound to 2-position.

A food composition according to claim 21 wherein, the medium-chain fatty acids are selected from fatty acids
having 6 to 12 carbon atoms.
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A composition according to claim 22 wherein, the medium-chain fatty acids are selected from fatty acids having 8
carbon atoms.

A food composition wherein the composition contains 0.001% by weight of triglyceride in which medium-chain fatty
acids are bound to 1,3-position and arachidonic acid is bound to 2-position.

A food composition according to claim 24 wherein, the medium-chain fatty acids are selected from fatty acids
having 6 to 12 carbon atoms.

A food composition according to claim 25 wherein, the medium-chain fatty acids are selected from fatty acids
having 8 carbon atoms.

A composition according to any of claims 18 through 26 wherein, the food compeosition is a functional food, nutri-
tional supplement food, food for specified health uses or geriatric food.

A composition according to any of claims 1 through 27 that additionally comprises docosahexaenoic acid and/or
a compound having docesahexaenoic acid as a constituent fatty acid.

A composition according to claim 28 wherein, the compound having docosahexaenoic acid as a constituent fatty
acid is an alcohol ester of docosahexaenoic acid or a triglyceride, phospholipid or glycolipid in which all or a portion
of the constituent fatty acids are docosahexaenoic acid.

A composition according to claim 28 or claim 29 wherein, the ratio (weight) of arachidonic acid to docosahexaenoic
acid in the combination of arachidonic acid and docosahexaenoic acid is within the range of 0.1 to 15.

A composition according to any of claims 1 through 30 wherein, the amount of eicosapentaenoic acid does not
exceed one-fifth of the amount of arachidonic acid in the ccmposition.

A production method of a food composition having preventive or ameliorative action on symptoms or diseases
caused by decreased brain function comprising: blending a food or beverage raw material with arachidonic acid
and/ar a compound having arachidonic acid as a constituent fatty acid alone, or with a food or beverage raw
material that is substantially free of arachidonic acid or only centains a slight amount of arachidonic acid.

A marketing method of a food composition having preventive or ameliorative action on symptoms or diseases
caused by decreased brain function that contains arachidonic acid and/or compound having arachidonic acid as
a constituent fatty acid, comprising: using a packaging container and/or sales promotional tool which indicates that
said food composition and/or ingredient of said food composition has preventive or ameliorative action on symp-
toms or diseases caused by decreased brain function.

A food composition having preventive or ameliorative action on symptoms or diseases caused by decreased brain
function that contains arachidonic acid and/or compound having arachidenic acid as a constituent fatty acid, and
is marketed using a packaging container and/or sales promotional tool which indicates that said food composition
and/ar ingredient of said food composition has preventive or ameliorative action on symptoms or diseases caused
by decreased brain function.
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