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acid). The obtained oils or fats (triglycerides) were
methylesterified, and the obtained fatty acid methyl
ester mixture was analyzed by gas chromatography and
found to have an arachidonic acid proportion of 40.84 wt%
of the total fatty acid.

The contents 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. The arachidonic acid-
containing oils or fats (triglycerides) (TGA40S) were

also ethylesterified, and the fatty acid ethyl ester
mixture including 40 wt% arachidonic acid ethyl ester was
separated and purified by an established high-performance
liguid chromatography method to obtain 99 wt% arachidonic
acld ethyl ester.

Example 2 Production of triglycerides including at

least 5 mole percent 8AS

After suspending 100 g of an ion-exchange resin
carrier (Dowex MARATHON WBA: Dow Chemical) in 80 ml of
Rhizopus delemar lipase aqueous solution (12.5% Talipase
powdexr, Tanabe Pharmaceutical Co., Ltd.), 240 ml of cold

acetone (-80°C) was stirred therewith and the mixture was
dried under reduced pressure to obtain the immobilized
lipase.

Next, 80 g of the triglycerides containing 40 wt%
arachidonic acid (TGA40S) obtained in Example 1, 160 g of
caprylic acid, 12 g of the aforementioned immobilized
lipase and 4.8 ml of water were reacted for 48 hours at
30°C while stirring (130 rpm). Upon completion of the
reaction, the reaction solution was removed to obtain the
activated immobilized enzyme.

A 10 g portion of immobilized lipase (Rhizopus
delemar lipase, carrier: Dowex MARATHON WBA) was then
packed into a jacketed glass column (1.8 x 12.5 cm, 31.8
ml volume), and the reaction oils or fats comprising a

mixture of the TGA40S obtained in Example 1 and caprylic
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acid (TGAR40S: caprylic acid = 1:2) was flowed through the
column at a fixed speed (4 ml/h) for continuous reaction,
to obtain 400 g of reaction oils or fats. The column
temperature was 40-41°C. The unreacted caprylic acid and
free fatty acids were removed from the obtained reaction
oils or fats by molecular distillation, and then
subjected to dietary oils or fats purification steps
(degumming, deoxidation, deodorization, decolorizing) to
obtain 8A8-containing oils or fats (triglycerides).

The 8A8 proportion of the obtained 8A8-containing
oils or fats (triglycerides) was determined by gas
chromatography and high-performance liquid chromatography
to be 31.6 mole percent. (Incidentally, the proportions
of 8P8, 808, 8L8, 8G8 and 8D8 were 0.6, 7.9, 15.1, 5.2
and 4.8 mole percent, respectively. The fatty acids P,
O, L, G and D bonded at the triglyceride 2-position
represent palmitic acid, oleic acid, linoleic acid, y-
linolenic acid and dihomo-y-linolenic acid, respectively,
and therefore 8P8 represents 1,3-capryloyl-2-palmitolein-
glycerol, 808 represents 1,3-capryloyl-2-oleoyl-glycerol,
818 represents 1,3-capryloyl-2-linoleoyl-glycerol, 8G8
represents 1,3-capryloyl-2-y-linolenoyl-glycerol and 8D8
represents 1,3-capryloyl-2-dihomo-y-linolenoyl-glycerol).
Separation and purification from the obtained 8A8-
containing oils oxr fats (triglycerides) by an established
high-performance liquid chromatography method yielded 96
mole percent 8AS8.

Example 3 Evaluation of learning ability effect of

TGA40S by Morris water maze learning test

The experimental groups consisted of 56 two- to
three-month-old male ICR mice, divided into a control
diet group (27 mice) and a TGA40S-containing diet group
(29 mice), with the control diet or TGA40S-containing
diet shown in Table 1 being given to each group for 3
weeks. FEach group was further divided into non-

restrained groups (non-restrained control diet group
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(13), non-restrained arachidonic acid (ARA) diet group
(15)) and restrained groups (restrained control diet
group (14), restrained ARA diet group (14)). The

restraining was accomplished using a wire mesh

. restraining tube, once for a 6 hour period three weeks

after the start of feeding. The control diet or TGA40S-
containing diet shown in Table 1 continued to be fed to
each group for the remaining experiment period. The
TGA40S used for the TGA40S-containing diet was the

product obtained in Example 1.

Table 1 Experimental diet

Control diet TGA40S—added diet
Casein (g/kg) 200 200
DL-methionine 3 3
Corn starch 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

Since the daily ingestion was approximately 5 g per
mouse, the daily intake of TGA40S was 25 mg per mouse.
Also, since the total fatty acids bonded to the
arachidonic acid-containing oils or fats (triglycerides)
prepared in Example 1 included 40 wt% arachidonic acid,
the daily intake of arachidonic acid was 10 mg per mouse.

The 6-hour restraint with a wire mesh restraining
tube was immediately followed by a Morrils water maze
learning test. The Morris water maze learning test is
widely used in Europe and the U.S., and is conducted by
pouring water blackened with India ink into a water tank
(100 cm diameter, 35 cm height) (liquid surface height:
20 cm), setting therein an escape platform of just a size

to allow a mouse to stand (the escape platform is
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submerged and invisible to a mouse swimming in the water

tank), and then placing the mouse subject at a prescribed

location of the water tank (starting point), forcing it

to swim to the escape platform, in order to test its
learning ability based on spatial recognition which is
associated with the memory-governing hippocampus.

The water temperature was 30°C x1°C, each trial was
limited to 120 seconds with an interval of 60 seconds
between trials, and five trials were conducted each day
for 5 days. The time required for the mouse to reach the
escape platform (escape latency time) was recorded as the
learning index. No difference was observed between the
control diet mice and ARA diet mice in the absence of
restraint stress. However, the mice of the control diet
group which had experienced restraint stress clearly
exhibited reduced learning ability compared to the non-
restrained mice, whereas mice given TAG40S (arachidonic
acid) exhibited the same level of learning ability as the
mice without restraint stress (Fig. 1).

Thus, for the first time it has been clearly
demonstrated that administration of TGA40S improves
learning ability or cognitive ability which has declined
as a result of stress, and that arachidonic acid exhibits
an improving effect against decline in learning ability
or cognitive ability as a result of stress.

Example 4 Preparation of capsules comprising

arachidonic acid-containing oils or fats (triglycerides)

Water was added to 100 parts by weight of gelatin
and 35 parts by weight of food additive grade glycerin

for dissolution at 50-60°C, to prepare a gelatin coating
with a viscosity of 2000 cp. Next, 0.05 wt% of vitamin B
0il was combined with the arachidonic acid-containing
oils or fats (triglycerides) obtained in Example 1 to
prepare filling 1. Vitamin E was also added to oils or
fats (triglycerides) containing 32 mole percent of the
8A8 obtained in Example 2 to prepare filling 2. Also, 50

o

wt$ of the arachidonic acid-containing oils or fats
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(triglycerides) obtained in Example 1 was combined with
50 wt% fish oil (tuna oill: the eicosapentaenoic acid and
docosahexaenoic acid proportions of the total fatty acids
were 5.1% and 26.5%, respectively) and then 0.05 wt$
vitamin E oil was added to prepare filling 3.

Also, 80 wt% of the arachidonic acid-containing oils
or fats (triglycerides) obtained in Example 1 was
combined with 20 wt% fish oil (tuna oil: the
eicosapentaenoic acid and docosahexaenoic acid
proportions of the total fatty acids were 5.1% and 26.5%,
respectively) and then 0.05 wt% vitamin E oil was added
to prepare filling 4. Separately, 0.05 wt$% of vitamin E
oil was combined with the 99% arachidonic acid ethyl
ester obtained in Example 1 to prepare filling 5. These
fillings 1 to 5 were used for production of soft capsules
containing 180 mg of filling per capsule, obtained by
capsule molding and drying by ordinary methods.

Example 5 Use for oil infusion

After combining 400 g of the oils or fats
(triglycerides) containing 96 mole percent 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 caustic
soda and dispersing the mixture with a homogenizer,
distilled water for injection was added to make 4 liters.
This was emulsified with a high-pressure spray emulsifier
to prepare a lipid emulsion. The lipid emulsion was
dispensed into plastic bags at 200 ml per bag and then

subjected to high-pressure steam sterilization treatment

at 121°C for 20 minutes to prepare an oil infusion.

Example 6 Use for juice

A 2 g portion of P-cyclodextrin was added to 20 ml
of 20% agqueous ethanol, and then 100 mg of the
arachidonic acid-containing triglycerides obtained in
Example 1 (containing 0.05% vitamin E) were added thereto

while stirring with a stirrer, and the mixture was

incubated for 2 hours at 50°C. After room temperature
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cooling (approximately 1 hour), stirring was continued
while incubating for 10 hours at 4°C. The resulting
precipitate was recovered by centrifugal separation and
then washed with n-hexane and lyophilized to obtain 1.8 g
5 of a cyclodextrin clathrate compound comprising
arachidonic acid-containing triglycerides. A 1 g portion
of this powder was uniformly mixed into 10 L of juice to
prepare a juice comprising arachidonic acid-containing

triglycerides.
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CLAIMS

1. A composition with a preventive or improvement
effect on stress-induced brain function impairment and
related symptoms or diseases, comprising arachidonic acid
and/or a compound comprising arachidonic acid as a
constituent fatty acid.

2. A composition according to claim 1, wherein
said compound comprising arachidonic acid as a
constituent fatty acid is an arachidonic acid alcohol
ester, or a triglyceride, phospholipid or glycolipid
wherein all or a portion of the constituent fatty acid is
arachidonic acid.

3. A composition according to claim 2, wherein the
triglyceride in which all or a portion of the constituent
fatty acid is arachidonic acid is a triglyceride having
medium chain fatty acids bonded at the 1,3-positions and
arachidonic acid bonded at the 2-position.

4, A composition according to claim 3, wherein
said medium chain fatty acids are selected from among C6-
12 fatty acids.

5. A composition with a preventive or improvement
effect on stress-induced brain function impairment and
related symptoms or diseases, comprising triglycerides
which include a triglyceride in which all or a portion of
the constituent fatty acid is arachidonic acid.

6. A composition according to claim 5,
characterized in that the arachidonic acid content of
said triglycerides which include a triglyceride in which
all or a portion of the constituent fatty acid is
arachidonic acid, is at least 10 wt% of the total fatty
acids of the triglycerides.

7. A composition according to claim 5 or 6,
wherein said triglycerides which include a triglyceride
in which all or a portion of the constituent fatty acid
is arachidonic acid, are extracted from a microorganism
belonging to the genus Mortierella, Conidiobolus,

Pythium, Phytophthora, Penicillium, Cladosporium, Mucor,
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Fusarium, Aspergillus, Rhodotorula, Entomophthora,
Echinosporangium or Saprolegnia.

8. A composition according to any one of claims 5
to 7, wherein said triglycerides which include a
triglyceride in which all or a portion of the constituent
fatty acid is arachidonic acid, are triglycerides
containing virtually no eicosapentaenoic acid.

9. A composition with a preventive or improvement
effect on stress-induced brain function impairment and
related symptoms or diseases, comprising triglycerides of
which at least 5 mole percent consists of a triglyceride
having medium chain fatty acids bonded at the 1,3-
positions and arachidonic acid bonded at the 2-position.

10. A composition according to claim 9, wherein
said medium chain fatty acids are selected from among C6-
12 fatty acids.

11. A composition according to any one of claims 1
to 10, wherein said symptoms related to stress-induced
brain function impairment include memory and learning
ability impairment.

12. A composition according to any one of claims 1
to 10, wherein said symptoms related to stress-induced
brain function impairment include cognitive ability
impairment.

13. A composition according to any one of claims 1
to 10, wherein said symptoms related to stress-induced
brain function impairment include depression.

14. A composition according to any one of claims 1
to 10, wherein said diseases related to stress-induced
brain function impairment include melancholia.

15. A composition according to any one of claims 1
to 14, wherein said composition is a food composition or
pharmaceutical composition.

16. A composition according to claim 15,
characterized in that said food composition is a common
food (food and drink), functional food, nutritional

supplement, food for specified health uses, preterm
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infant formula, term infant formula, infant food,
maternal food or geriatric food.

17. A composition according to any one of claims 1
to 16, which comprises docosahexaenoic acid and/or a
compound comprising docosahexaenoic acid as a constituent
fatty acid.

18. A composition according to claim 17, wherein
said compound comprising docosahexaenoic acid as a
constituent fatty acid is a docosahexaenoic acid alcohol
ester, or a triglyceride, phospholipid or glycolipid
wherein all or a portion of the constituent fatty acid is
docosahexaenoic acid.

19. A composition according to claim 17 or 18,
characterized in that the arachidonic
acid/docosahexaenoic acid ratio (by weight) in the
combination of said arachidonic acid and docosahexaenoic
acid is in the range of 0.1 to 15.

20. A composition according to any one of claims 1
to 19, characterized in that the amount of
eicosapentaenoic acid in the composition does not exceed
1/5 of the arachidonic acid in the composition.

21. A method for production of a dietary product
having a preventive or improvement effect on stress-
induced brain function impairment and related symptoms or
diseases, the method being characterized by adding
arachidonic acid and/or a compound comprising arachidonic
acid as a constituent fatty acid alone, or in combination
with a dietary material containing substantially no
arachidonic acid or only a slight amount thereof.

22. A method for prevention or medical treatment of
stress—-induced brain function impairment and related
symptoms or diseases, which comprises administering
arachidonic acid and/or a compound comprising arachidonic
acid as a constituent fatty acid, to a patient in need of

its administration.
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1
LIPIDS CONTAINING OMEGA-3 AND OMEGA-6 FATTY ACIDS

Field of the Invention

The present invention relates to. phospholipids and polar lipids
preparations which are enriched with omega-3 and/or omega-6 fatty acids
covalently attached to the lipid backbone. The phospholipid preparations
of the invention are particularly useful as nutraceuticals, food additives
and/or pharmaceutical agents for the treatment of various conditions, in

particular related to cognitive functions.

Background of the Invention

Lipids, and especially polar lipids, nitrogen containing lipids, and
carbohydrate containing lipids (phospholipids, sphingosines, glycolipids,
ceramides, sphingomyelins) are the major building blocks of - cell
membranes, tissues, etc. Additionally they play important roles in signal
transduction processes and in a variety of biochemical and biosynthetic

pathways.

Glycerophospholipids, lipids based on a glycerol backbone and containing
a phosphate head group, are the main building blocks of cell membranes.
Since most, if not all, biochemical processes involve cell membranes, the
structural and physical properties of membranes in different tissues is
crucial to the normal and efficient functioning of membranes in all

biochemical processes.

In light of the emerging functional foods category in the area of dietary
lipids many health benefits have been attributed to the consumption of
certain fatty acids. For example, it has been reported in many research
studies that polyunsaturated fatty acids (PUFA) of the type omega-3 and
omega-6, have several health benefits on cardiovascular disease, immune

disorders and inflammation, renal disorders, allergies, diabetes, and
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cancer. These types of fatty acids are naturally occurring mainly in fish
and algae, where they are randomly distributed on the sn-1, sn-2, and sn-3

positions of the glycerol backbone of triglycerides.

The professional literature emphasizes the importance of an adequate diet
containing omega-3 fatty acids. Extensive ¢linical studies investigating the
importance of Docosahexaenoic acid (DHA), one of the most important
omega-3 fatty acids, in the brain, found that low levels of DHA are
associated with depression, memory loss, dementia, and visual problems.
All studies showed a dramatic improvement in the elderly brain function

as blood levels of DHA increased.

Other known benefits of DHA include: lower risk of arrhythmias,
reduction in the risk of sudden cardiac death, lower plasma triglyceride
levels and reduced blood clotting tendency. Furthermore, DHA may have
importance in the field of brain functioning enhancement, baby formula
fortification, diabetics and cancer. Nutritional studies, investigating the
importance of DHA in the brain, found that low levels of DHA are
associated with depression, memory loss, cognitive impairment, dementia

and visual problems.

The human body does not adequately synthesize DHA. Therefore it is
necessary to obtain it from the diet. Humans obtain DHA from their diets,
initially through the placenta, then from breast milk, and later through
dietary sources, such as fish, red meats, animal organ meats and eggs.
Popular fish like tuna, salmon and sardines are rich sources. Until
recently, the primary source of DHA dietary supplements has been fish
oils. The ability of enzymes to produce the omega-6 and omega-3 family of
products of linoleic and alpha-linolenic acid declines with age. Because
DHA synthesis declines with age, as we get older our need to acquire DHA

directly from diet or supplements increases. In fact, several recent

RIMFROST EXHIBIT 1024 page 2717



WO 2005/037848 PCT/IL2004/000957

3

publications suggested DHA to be considered as essential fatty acid [for
example, Muskiet, F. et al. (2004) J Nuir. 134(1):183-6].

Because DHA is important for signal transmission in the brain, eye and
nervous system, many consumers concerned with maintaining mental

acuity are searching for a pure, safe way to supplement their DHA levels.

Polyunsaturated acids, in particular long chain, such as omega-3 and 6,
have been shown to confer many valuable health benefits on the
population. The global market for long-chain PUFAs, including the food

segment, is rapidly growing.

The majority of efforts in the industry are however invested in the
improvement of PUFA processing techniques and in the creation of higher
concentrated grades of PUFA derivatives to accommodate dietary

supplements and functional foods needs.

The academic and industrial communities are less concerned regarding
the evaluation of different delivery approaches of PUFA in order to
enhance their bio-availability and their efficacy in term of their known
variety of health benefits. These benefits range from prevention and
treatment of CVD, diabetes, cognitive disorders and/or decline, visual
disorders, skin conditions, learning disorders, etc. Additionally, PUFAs
have been shown to assist in the cognitive and visual development of

infants.

PUFA-lipids

PS-PUFA

Phosphatidylserine, also known as PS, is a natural phospholipid with bio-
functionality that has made it one of the most promising dietary

supplements in the field of brain nutrition. PS and its health benefits have
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been known to the scientific and nutrition communities since the 1970’s.
Numerous studies have been conducted in order to establish this efficacy
in a variety of cognitive and mental functions. Those studies have shown
that PS can improve memory, fight dementia, fight early stages of
Alzheimer's disease, reduce stress and tension, improve attention span,

enhance mood and fight depression, to name but few.

PS is one of the most important building blocks of cell membranes in the
brain. Hence, the level of PS in brain cell membranes ensures the fluidity
and structure of these membranes. The normal level ensures normal and
efficient signal transduction processes, efficient glucose consumption, and
other biological pathways that result in normal cognitive and mental

functions.

Since PS is not abundant in human nutrition and since in many people,
especially the elderly, the biosynthetic pathways responsible for the
production of PS are malfunctioning, the levels of PS in the body and brain
are low. This results in a variety of cognitive and mental disorders, such

as depression, memory loss, short attention span, learning difficulties, ete.

The supplementation of PS in the diets of elderly people with such
disorders has resulted, in many cases, in dramatic improvements of these
disorders. Over the recent years, studies have shown that even younger
people can benefit from dietary supplementation of PS. PS has been shown
to improve the learning capabilities of students, improve memory and

attention span, ete.

It is therefore an object of the present invention to provide special
preparations of PS, for use mainly as nutraceuticals and as functional food

additives.
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PC-PUFA

As mentioned before, phospholipids are essential components of all
cellular and sub-cellular membranes. Phosphatidylcholine and
phosphatidylethanclamine predominate quantitatively, substantially
constituting the typical bilayer configuration. Phospholipids belong to the
amphipathic molecules with a water-soluble and a fat-soluble component.
In the bilayer configuration the hydrophilic groups are arranged at the
outer and inner side of the membrane toward the surrounding medium;
the lipophilic groups, in contrast, face each other at the inner side of the

bilayer configuration.

Other important constituents of biological membranes are cholesterol,
glycolipids, and peripheral and integral proteins. The basic structure of
biological membranes is thus a series of recurrent unities of lipid-protein
complexes. The membrane is asymmetric. The function of the external
(cellular) and internal (sub cellular) membrane systems depends on their
composition and on the integrity of their phospholipid structure. In
addition to their presence in cell membranes, phospholipids constitute
structural and functional elements of the surface mono-layers of

lipoproteins and of surfactants.

Of utmost importance for the function of biological membranes is their
fluidity, which is decisively influenced by phospholipids. Besides the
content in cholesterol and proteins and the nature and charge of the polar
head groups of phospholipids in the system, membrane fluidity depends on
the length of the chains of fatty acid residues in the phospholipid
molecule, as well as on the number and type of pairing of their double

bonds.
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Phospholipids containing poly-unsaturated fatty acids supply the
organism with important building blocks which improves membrane
fluidity.

Studies conducted with PUFA-containing phospholipids have shown the
following:

1. They are high-energy, basic, structural, and functional elements of all
biological membranes, such as cells, blood corpuscles, lipoproteins, and the
surfactant.

2. They are indispensable for cellular differentiation, proliferation, and
regeneration.

3. They maintain and promote the biological activity of many membrane-
bound proteins and receptors.

4. They play a decisive role for the activity and activation of numerous
membrane-located enzymes, such as sodium-potassium-ATPase, adenylate
cyclase and lipoprotein lipase.

5. They are important for the transport of molecules through membranes.
6. They control membrane-dependent metabolic processes between the
intracellular and intercellular space.

7. The polyunsaturated fatty acids contained in them, such as linoleic acid,
are precursors of the cytoprotective prostaglandins and other eicosanoids.
8. As choline and fatty acid donors they have an influence in certain
neurological processes.

9. They emulsify fat in the gastrointestinal tract.

10. They are important emulsifiers in the bile.

11. They codetermine erythrocyte and platelet aggregation.

12. They influence immunoclogical reactions on the cellular level.
Phospholipids containing PUFA are theoretically of importance in all

those diseases in which damaged membrane structures, reduced

phospholipid levels, and/or decreased membrane fluidity are present. This
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hypothesis is supported by experimental and clinical investigations of

various membrane-associated disorders and illnesses.

Studies on the active principle as well as pharmacological and clinical
trials are available on a variety of disturbances and diseases related to
membrane damages. For example, in liver diseases the hepatocyte
structures are damaged by, for example, viruses, organic solvents, alcohol,
medicaments, drugs, or fatty food. As a consequence, membrane fluidity
and permeability may be disturbed, and membrane-dependent metabolic
processes as well as membrane-associated enzyme activities may be

impaired. This considerably inhibits the metabolism of the liver.

Other examples include hyperlipoproteinemia with or without
atherosclerosis, hemorrheological disturbances with an elevated
cholesterol/phospholipid ratio in the membranes of platelets and red blood
cells, neurological diseases, gastro intestinal inflammations, kidney

diseases, and in a variety of aging symptoms.

All these very different diseases have in common comparable membrane
disorders. With polyunsaturated phosphatidylcholine molecules such
disorders may be positively influenced, eliminated, or even improved
beyond normal due to the high content in polyunsaturated fatty acids.
Following are somé examples of the mechanisms that mediate this

phenomenon:

1. HDL particles enriched with PUFA-containing-phosphatidylcholine are
able to take up more cholesterol from low-density lipoprotein (LDL) and
tissues. More cholesterol can be transported back to the liver. This action
on the cholesterol reverse transport is unique. All other lipid-lowering
agents reduce either the cholesterol absorption in the body or the

cholesterol synthesis in the liver and its distribution to the periphery.
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These substances, however, do not physiologically mobilize the cholesterol
already present in the periphery.
2. The cholesterol/phospholipid ratio in membranes, platelets, and red
blood cells decreases and membrane function is improved up to
normalization.
3. Peroxidative reactions are reduced, damaged hepatocyte membrane
structures restored, membrane fluidity and function stabilized, immuno-
modulation and cell protection improved, and membrane-associated liver
functions enhanced.
4. With the normalization of the cholesterol/phospholipid ratio, the bile is
also stabilized.
5. Due to its specific property as a surface-active emulsifier, PUFA-
containing-phosphatidylcholine solubilize fat and is used in reducing the
risk and treatment of fat embolism.
6. The substitution with poly-unsaturated-fatty-acids and choline may
have a cytoprotective effect in the brain and activate neuronal processes.
7. Liposomes with polyunsaturated phosphatidylcholine molecules may act

as drug carriers, such as of vitamin E.

Liver Disease

Experimental and clinical results support the assumption that the
therapeutic application of PUFA-containing-phosphatidylcholine has
protective and even curative and regenerative effects on biological
mémbranes of sinus endothelial cells and hepatocytes. The cytoprotective
effect of PUFA-containing-phosphatidylcholine has been corroborated in 7
in vitro and in 55 in vivo experiments, in which 20 different models with
five different animal species were used. Types of intoxication that are
known to play a role in the etiology of liver disease have mostly been
applied: chemical substances, medicaments, alcohol, cholestasis,

immunological phenomena, exposure to radiation, and so on.
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The hepato-protective effects of PUFA-containing-phosphatidylcholine
have been confirmed and were the more pronounced the earlier PUFA-
containing-phosphatidylcholine was administered:
1. Structures of membranes were normal or largely normalized.
2. Fatty infiltrations and hepatocyte necrosis could be diminished or even
eliminated.
3. Corresponding data were found for lipid peroxidation, transaminase
and cholinesterase activity, and for serum lipids; liver cell metabolism
increased.
4. The increase of RNA and protein synthesis and of the liver cell glycogen
content indicated a stimulation of the liver cells.
5. Reduced collagen production, collagen/DNA ratio, and liver

hydroxyproline content indicated a reduced formation of connective tissue.

The dosage of PUFA-containing-phosphatidylcholine ranged from 525 to
2,700 mg/day when administered orally, and from 500 to 3,000 mg/day in
intravenous application. The duration of treatment lasted from a few
weeks to up to 30 months. The main liver indications were acute hepatitis,
chronic hepatitis, fatty liver, toxic liver damage, cirrhosis of the liver, and

hepatic coma.

The clinical findings, showing the effectiveness of PUFA-containing-
phosphatidylcholine, can be summarized generally as follows:

1. Accelerated improvement or normalization of subjective complaints, of
clinical findings, and of several biochemical values

2. Better histological results as compared with the control groups

3. A shortened duration of hospitalization
Promising results were obtained also in renal disorders, chronic

ambulatory peritoneal dialysis, hyperlipoproteinemia/atherosclerosis,

gastrointestinal inflammation, psoriasis, and maore.
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Recent research studies have shown that PUFA-enriched phospholipids,
isolated from rainbow trout embryos, have novel health benefits. Some of
these benefits include the treatment of tumor cells, inhibition of 5-

lipoxygenase activity, reduction of neutral fat levels (such as cholesterol).

There is proof that a person who receives enriched phospholipids
nutritionally, these phospholipids cross the intestinal barrier and the
blood-brain barrier, thus reaching the brain. Recently, investigators from
Ponroy Laboratories had described an experiment in which mice lacking
essential fatty acids, i.e. linoleic acid (18:2 n—6) and o-linolenic acid (18:3
n—3), which serve as the sole sources for LC-PUFA, were fed cerebral
phospholipids and the quantity of phospholipids in each part of the brain
measured. These phospholipids were found in the cytoplasm, in' the
synapses, and in other parts of the brain [Carrie et al., (2000) J. Lipid Res.
41, 465-472].

The utilization of phospholipids enriched with PUFA holds many potential
advantages from a clinical point of view. The phospholipid may deliver the
essential fatty acid to specific organs or body parts, such as the brain, and
assist in the incorporation of these fatty acids in membranes. Other
advantages may arise from the fact that phospholipids enriched with
PUFA will not have odor problems such as found in the major current
nutraceutical source, the fish oils. Furthermore, some preliminary clinical
studies have shown that PUFA incorporated in phospholipids possess
superior efficacy than PUFA carried by triglycerides. [Song et al. (2001)
Atherosclerosis, 155, 9-18].

Further studies have shown that the activity of DHA-rich phospholipid

“ was different from that of DHA-rich triacylglycerol in spontaneously
hypertensive rats [Irukayama-Tomobe et al. (2001) Journal of Oleo
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Science, 50(12), 945-950]. Spontaneously hypersensitive rats (SHR) were
fed test lipid diets for six weeks, which contained 30%-docosahexaenoic
acid (DHA) phospholipid (DHA-PL) extracted from fish roe or 30%-DHA
fish oil (DHA-TG). The control diet contained corn oil in the presence of
test lipids. After feeding, blood pressure in the DHA-TG and DHA-PL diet
groups was found significantly lower compared to the control. Serum fatty
acid content of dihomo-linoleic acid (DHLnA) and Arachidonic acid (AA) of
the DHA-PL diet group was significantly less than the control or DHA-TG
diet group. Serum triacylglycerol, phospholipid and total cholesterol in
the DHA-TG and DHA-PL diet groups were significantly less than in the
control. Liver total cholesterol in DHA-PL was twice that in the DHA-TG
diet group and control. The mechanism for cholesterol removal from blood
by DH-PL would thus appear to differ from that by DHA-TG. Serum lipid
peroxide (ILPO) in the DHA-TG and DHA-PL diet groups was essentially

the same as in the control.

Many PUFA-containing agents suffer from stability and quality problems
due to the high degree of oxidation of the polyunsaturated fatty acids.
These problems require the incorporation of antioxidants as well as the
utilization of special measures which attempts to reduce this oxidation.
The utilization of phospholipids as carriers of PUFA may result in
enhanced stability of such products due to the anti-oxidative properties of

phospholipids.

It seems that one of the most effective transport mechanism for such
essential fatty acids is the attachment of these groups to phospholipid
molecules. The phospholipids have been shown to pass through the blood-

brain barrier and transport the DHA where it is needed.
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Organoleptic concerns

PUFAs are traditionally extracted from coldwater fish. Despite the
healthy image, one of the problems of consumer acceptance has been the
resulting strong, fishy taste. To address this, microencapsulated forms of
omega-3 have been pioneered in the last 15 years. A further step was the
development of egg-containing products such as DHA-enriched
mayonnaise and pasta. DHA-enriched yogurts, baked goods and broilers

were also envisaged.

There is no other nutritional product or ingredient that is considered to be
an agent of PUFA delivery. All current commercial products are based on
the fatty acids themselves in an encapsulated form or on foods enriched

with PUFA through special animal/crop feed.

It is therefore an object of the present invention to provide lipid
preparations enriched with omega-3 or omega-6 fatty acids, for use mainly
as nutraceuticals and as functional food additives. The composition of said
preparation is such that it provides the preparation with the property of
enhancing the bioavailability of PUFAs. Thus upon its consumption,
preferably in the form of nutraceuticals, food additives or pharmaceutical
compositions, the organism may, in the most efficient way, enjoy the

benefits provided by said preparation, as will be described in detail below.

This and other objects of the invention will become apparent as the

description proceeds.

Summary of the Invention
In a first aspect the present invention provides a lipid preparation,
wherein said lipid is selected from glycerophospholipids and their salts,

conjugates, and derivatives and any mixture thereof, and poly-
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unsaturated fatty acid (PUFA) acyl groups, particularly long-chain poly-
unsaturated fatty acid (LC-PUFA) acyl groups, preferably omega-3 and/or
omega-6 acyl groups, at a concentration of least 5% (w/w) of total fatty
acids content of said preparation, preferably more than 10% (w/w), more
preferably 20-50% (w/w), wherein said PUFA is covalently bound to said
lipid.

Said lipid may be a naturally occurring lipid, or a synthetic lipid.
Preferably, said lipid is a glycerophospholipid in which at least some of the
sn-1 or sn-2 groups of the glycerol backbone are substituted with said poly-

unsaturated fatty acid (PUFA) acyl groups.

In one particular embodiment, said lipid is a glycerophosphlipid of formula

I:
O—R
O—R'
i
O-‘ll)——O——R“
IS

Formula (I)

wherein R” represents a moiety selected from serine (PS), choline (PC),
ethanolamine (PE), inositol (PI), glycerol (PG) and hydrogen (phosphatidic
acid - PA), and R and R', which may be identical or different,
independently represent hydrogen or an acyl group, wherein said acyl
group is selected from saturated, mono-unsaturated or poly-unsaturated
acyl groups (PUFA), particularly long-chain poly-unsaturated fatty acids
(LC-PUFA), more preferably omega-3 and/or oméga-G acyl groups, and
salts thereof, with the proviso that R and R' cannot simultaneously

represent hydrogen, and wherein said polyunsaturated acyl groups
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comprise at least 5% (w/w) of total lipid fatty acids, preferably more than
10% (w/w), and particularly 20-50% (w/w).

In one more particular embodiment of said preparation, R represents
hydrogen and R' represents an acyl group. Alternatively, R' represents

hydrogen and R represents an acyl group. -

Considering these latter embodiments, when said acyl group is preferably
an omega-3 acyl group, it may be an eicosapentaecnoyl (EPA), a
docosahexaenoyl (DHA) group, or linolenic omega-3 group. And, when said
acyl group is preferably an omega-6 acyl group, it may be an arachidonoyl
(ARA) group, or a linoleic omega-6 group. A further possibility is that said
acyl group may be a linolenoyl (18:3) group.

In a yet further embodiment of the preparation of the invention, R” may

be any one of serine, choline, ethanolamine, inositol or glycerol.

In a further particular embodiment, the identity and content of R and R'

are predetermined.

The preparation of the invention which comprises the compound of
formula I in which R" is serine, mimics the composition of human brain

PS.

Nonetheless, the invention also refers to preparations comprising the
compound of formula I in Which R" is serine, which are different from
human brain PS, but still have an improved bioactivity, particularly as
compared to soybean-PS. This improved bioactivity results in beneficial
effects on both the learning and working memory in elderly population, in

particularly in cholinergic impaired conditions like Alzheimer's disease.
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The invention also relates to preparation PS preparation which mimics
the human brain PS, is effective at lower dosage (2-3 fold) compared to
soybean-PS, while having similar or improved bioactivity compared to

soybean-PS.

The PS may be of plant, animal or microorganism source, and is enriched

with PS of formula I, wherein R” represents a serine moiety.

The preparation of the invention may be further enriched with PS of
formula I, characterized in having reduced or absent of fish-related
organoleptic effects. Such preparation may be particularly suitable for
incorporation into chocolate-containing or dairy-based food articles

(including concentrated milk).

The preparation of the invention may be used in the improvement and
treatment of cognitive and mental conditions and disorders as well as the
maintenance of normal functions of brain-related systems and processes,
preferably ADHD, aging, Alzheimer's disease, Parkinson's disease,
multiple sclerosis (MS), dyslexia, depression, learning capabilities,
intensity of brain waves, stress, anxiety, mental and psychiatric disorders,
qoncentration and attention, mood, brain glucose utilization, general
cognitive and mental Weil being, neurological disorders and hormonal

disorders.

The preparation of the invention is particularly useful in enhancing the

bioavailability of omega-3 and omega-6 fatty acids.

The preparation of the invention may be used in combined improvement of
cognitive and mental functions together with improvement of additional
health disorders or conditions. Such additional health disorders or

conditions may be at least high blood cholesterol levels, high triglycerides
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levels, high blood fibrinogen levels, HDL/LDL ratio, diabetes, metabolic
syndrome, menopausal or post-menopausal conditions, hormone related
disorders, vision disorders, inflammatory disorders, immune disorders,
liver diseases, chronic hepatitis, steatosis, phospholipid deficiency, lipid
peroxidation, dysrhythmia of cell regeneration, destabilization of cell
membranes, coronary artery disease, high blood pressure, cancer,
hypertension, aging, kidney disease, skin diseases, edema,
gastrointestinal diseases, peripheral vascular system diseases, allergies,

neurodegenerative and psychiatric diseases.

The preparation of the invention may also be used in the reduction and/or
prevention of serum oxidative stress leading to atherosclerosis,

cardiovascular disorders and/or coronary heart disease.

The invention further relates to nutraceutical compositions comprising a
lipid preparation in accordance with the invention. The nutraceutical
composition may be in the form of softgel capsules, tablets, syrups, or any

other common dietary supplement delivery system.

Still further, the invention relates to functional food article comprising the
lipid preparation of the invention. Such functional food article may be
selected from dairy products, dairy drinks, ice-creams, bakery products,
confectionary products, biscuits, soy products, pastry and bread, sauces,
condiments, oils and fats, margarines, spreads, cereals, drinks and shakes,
oils and fats, infant formulas, infant foods (biscuits, mashed vegetables

and fruits, cereals), bars, snacks, candies and chocolate products.

In yet a further aspect, the invention relates to pharmaceutical
compositions comprising the lipid preparation of the invention, and
optionally further comprising at least one pharmaceutically acceptable

additive, diluent or excipient. The pharmaceutical composition of the
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invention may further optionally comprise at least one pharmaceutically

active agent.

Brief Description of the Figures

FigurelA-D: Performance of rats in acquisition of the spatial
Morris maze task.

Latency time to platform in the three days of acquisition (2 sessions per
day) of aged rats supplemented for three months with various
supplements as detailed below was analyzed using video camera, with
(open squares) or without (closed circuits) pretreatment of 1 mg/kg of
scopolamine.

Fig. 1A: Rats supplemented with MCT, P<0.007.

Fig. 1B: Rats supplemented with PS- w3, P<0.07.

Fig. 1C: Rats supplemented with SB-PS, P<0.02.

Fig. 1D: Rats supplemented with LC-PUFA, P<0.03.

Values represent mean = S.E.M of four to five rats per supplement.

Abbreviations: Lat. T., latency time; sec., seconds.

Figure 2. Performance of scopolamine-treated rats in the Moxris
water maze task in the spatial probe test.

This graph represents percentage of time (T.) that aged rats,
supplemented for three months with MCT (open bars), PS- w3 (solid bars),
SB-PS (dottea bars) or LC-PUFA (striped bars), spent in different areas
after the platform being removed, was analyzed using video camera,
following pre-treatment of 1 mg/kg of scopolamine. Values represent mean
+ S.E.M of four to five rats pef supplement. Significance compared to

control group (MCT) * P<0.02 and ** P<0.08

RIMFROST EXHIBIT 1024 page 2732



WO 2005/037848 PCT/IL2004/000957

18
Figure 3A-D: Performance of scopolamine-induced rats in locating
the platform after its reposition.
Latency time to platform on the fifth day of the water maze test, in which
the platform was repositioned between the sessions, in aged rats
supplemented for three months with different supplements as specified
below, was analyzed using video camera, with (open squares) or without
(closed circuits) pretreatment of 1 mg/kg of scopolamine.
Fig. 3A: Rats supplemented with MCT.
Fig. 3B: Rats supplemented with PS- w3.
Fig. 3C: Rats supplemented with SB-PS.
Fig. 3D: Rats supplemented with LC-PUFA.
Values represent mean + S.E.M of four to five rats per supplement.

Abbreviations: Lat. T., latency time; sec., seconds; tr., trials.

Figure 4A-B: Phospholipid levels in rat tissues as measured using
31P-NMR.

Lipids were extracted from tissues of aged rats that were supplemented
for three months with MCT (open bars), PS- w3 (solid bars), SB-PS (dotted
bars) or LC-PUFA (striped bars). Phospholipids levels were analyzed
using a 31P-NMR machine and the relative levels of phosphatidylcholine of
the different treatments are presented.

Fig. 4A: Analysis of lipids extracted from the liver.

Fig. 4B: Analysis of lipids extracted from the brain (cortex region).

Values represent mean + S.D. of four to five rat tissues per supplement.
Significance compared to control group (MCT) *P<0.05 and **P<0.1.
Abbreviations: Tot. PL., total phospholipids.

Figure 5: Parental scores of ADHD children according to

behavioral rating scales.
The graph represents percentage of ADHD children that demonstrated

improvement or lack of improvement in a parental view following two
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months of supplementation with canola cil (open bars), DHA (solid bars)
or PS- w3 (hatched bars). Rating includes remarks regarding behavioral
tendencies at home, at school, with siblings or peers and teachers
feedback. Values represent percentage of twenty to twenty-five ADHD
children scores per supplement. Note that twelve parents decline to
respond to the questioner and six children did not complete the
supplementation period due to poor taste or severe discipline problems
(mostly the control group).

Abbreviations: Improv.,, improvement; Marg. Improve., marginal

improvement; n.c., no change; Deter., deterioration.

Figure 6: Effect of PC-DHA on the serum oxidative stress.

Apo Ee mice were fed for 10 weeks with placebo (open bars) or PC-DHA
(solid bars). Serum lipid peroxide (Ser. per.) levels were measured using a
spectrophotometric assay. Values represent mean =+ S.D. of 5 mice per

treatment.

Detailed Description of the Invention

In a first aspect the present invention provides a lipid preparation,
wherein said lipid is a glycerophospholipid, a salt, conjugate, and
derivative thereof, and any mixture thereof, and poly-unsaturated fatty
acid (PUFA) acyl groups, particularly long-chain poly-unsaturated fatty
acid (LC-PUFA) acyl groups, preferably omega-3 and/or omega-6 acyl
groups, at a concentration of least 5% (w/w) of total fatty acids content of
said preparation, preferably more than 10% (w/w), more preferably 20-
50% (w/w), wherein said PUFA is covalently bound to said
glycerophospholipid.

Said lipid may be a naturally occurring lipid, or a synthetic lipid.
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Preferably, said lipid is a glycerophospholipid in which at least some of the
sn-1 or sn-2 groups of the glycerol backbone are substituted with said poly-
unsaturated fatty acid PUFA) acyl groups.

In one particular embodiment, said lipid is a glycerophosphlipid of formula

I:
O—R
O—R'
i
O—P—O—R'
IS

Formula (I)

wherein R” represents a moiety selected from serine (PS), choline (PC),
ethanolamine (PE), inositol (PI), glycerol (PG) and hydrogen (phosphatidic
acid - PA), and R and R', which may be identical or different,
independently represent hydrogen or an acyl group, wherein said acyl
group is selected from saturated, mono-unsaturated or poly-unsaturated
acyl groups (PUFA), particularly long-chain poly-unsaturated fatty acids
(LC-PUFA), more preferably omega-3 and/or omega-6 acyl groups, and
salts thereof, with the proviso that R and R' cannot simultaneously
represent hydrogen, and wherein said polyunsaturated acyl groups
comprise at least 5% (w/w) of total lipid fatty acids, preferably more than

10% (w/w), and particularly 20-50% (w/w).
In one more particular embodiment of said preparation, R represents
hydrogen and R' represents an acyl group. Alternatively, R' represents

hydrogen and R represents an acyl group.

Considering these latter embodiments, when said acyl group is preferably

an omega-3 acyl group, it may be an eicosapentaenoyl (EPA), a
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docosahexaenoyl (DHA) group, or linolenic omega-3 group. And, when said
acyl group is preferably an omega-6 acyl group, it may be an arachidonoyl
(ARA) group, or a linoleic omega-6 group. A further possibility is that said
acyl group may be a linolenoyl (18:3) group.

In a yet further embodiment of the preparation of the invention, R” may

be any one of serine, choline, ethanolamine, inositol or glycerol.

In a further particular embodiment, the identity and content of R and R'

are predetermined.

The preparation of the invention which comprises the compound of
formula I in which R" is serine, mimics the composition of human brain

PS.

Nonetheless, the invention also refers to preparations comprising the
compound of formula I in which R" is serine, which are different from
human brain PS, but still have an improved bioactivity, particularly as

compared to soybean-PS.

Traditionally, PS active ingredients used as dietary supplements were
produced by the extraction of animal brains, particularly bovine brains.
The PS extracted from animal brain tissues, similarly to human brain PS,
has a fatty acid composition which is characterized by relatively higher
levels of omega-3 moieties, compared to the levels of omega-3 found in

plant phospholipids.
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PS has the following structure:

Formula 11

Human brain PS is characterized by over 20-30% PS containing omega-3
fatty acyls, preferably at the sn-2 position of the glycerol moiety, and
mainly DHA or EPA. As mentioned above, phospholipids, and PS in
particular, are responsible for membrane structure and physical
properties. One of the major physical properties governed by phospholipids
is the fluidity of these membranes. Omega-3 fatty acids, DHA and EPA in
particular, also have a crucial role in membrane fluidity in light of their
unique 3D structure. Therefore, PS with omega-3 fatty acyl moieties, DHA
and EPA in particular, has unique bio-functionality which cannot stem

from just the basic phospholipid skeleton of this phospholipid.

Considering the risks involved with prion diseases, particularly bovine
spongiform encephalopathy (BSE), as well as other disadvantages
associated with ingredients obtained from animal sources, PS
supplements are usually prepared using PS originating from soybean
lecithin. This lecithin is enriched, usually enzymatically, with PS. This
method of production results in PS with a fatty acid profile of soybean
phospholipids, which is characterized by low level of omega-3 fatty acids,
and almost no DHA and EPA. This PS active ingredient is also known as

soybean-PS.
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Although the bio-functionality of soybean-PS in the improvement of
cognitive function has been shown to be similar to that of bovine-PS, it is
still different from human brain PS. It is a purpose of the present
invention to provide a PS ingredient with a predetermined fatty acid

composition that mimics the fatty acid composition of the human brain PS.

It is a further object of the present invention to provide a PS ingredient
which, while not identical to naturally occurring brain PS, is characterized
by improved functionality, particularly in comparison with soybean-PS.

This improved PS ingredient has a predetermined fatty acid composition.

The PS ingredient of the present invention is enriched with omega-3 fatty
acyls, preferably DHA, EPA or linolenic omega-3. Furthermore, the PS of
this invention is enriched with omega-3 fatty acyls covalently bonded to
either or both of the sn-1 or sn-2 positions of the glycerol moiety in the PS
backbone.

The present invention is also related and describes other phospholipids,
such as phosphatidylcholine (PC), phosphatidylethanolamine (PE),
phosphatidyl-inositol (PI), phosphatidylglycerol (PG) and phosphatidic
acid (PA), enriched with omega-3 fatty acids, preferably DHA, EPA, or
linolenic acid which are covalently bonded at either oxr both of the sn-1 or
sn-2 positions of the glycerol moiety of the phospholipid. Alternatively, the

phospholipids of the invention are enriched with omega-6 fatty acids.

When referring to PS in the present description, it should be taken to
mean also any other lipid, such as, but not limited to, the polar lipids

listed above.

In a preferred embodiment, the amount of omega-3 (particularly EPA,

DHA or linclenic acid) or omega-6 (particularly ARA and linoleic acid)
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fatty acids in the PS ingredient of the invention is greater than 10% at
either or both of the sn-1 or sn-2 positions, preferably at the sn-2 position,

preferably over 20% and most preferably above 40%.

As mentioned, the desired omega-3/omega-6 fatty acyls can be bonded at

both or only one of the sn-1 and sn-2 positions.

The fatty acid composition of the PS preparation of this invention can
have a predetermined fatty acid composition similar to or different from
the fatty acid composition found in normal healthy human brain, provided
it has enhanced activity, particularly compared to the activity of plant PS,

for example soyvbean-PS.

The preparation of the omega-3/omega-6-enriched PS preparation of this
invention can be enzymatic, chemical or by molecular biology methods.
Briefly, the PS can be enriched with omega-3 or omega-6 moieties by
enzymatic processes, e.g. enrichment of a natural phospholipid/lecithin
with omega-3 fatty acids by enzymatic transesterification/esterification
followed by transformation of the head group to serine (using PLD
enzymes) to obtain a PS-omega-3/omega-6 conjugate. Another enzymatic
pathway is to obtain a lecithin or phospholipid source which is naturally
rich in omega-3 acids, such as krill phospholipids, and transform their
head groups to serine. It is to be noted that the fatty acid composition of
the PS obtained by this method has an omega-3 composition which is
predetermined by the source of choice (fish, krill, algae, etc.). Such
methods have been thoroughly described in Applicant’s co-pending PCT
Application claiming priority from IL158553.

The PS-omega-3/omega-6 ingredient of the present invention can also be

prepared by chemical transesterification/esterification methods that will

enrich the sn-1 and 2 positions with omega-3 or omega-6 acyl residues.
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Such methods of preparation of PS-omega-3 and PS-omega-6 have been
described in Applicant’s co-pending PCT Application claiming priority
from IL158553.

Alternatively, the PS ingredient of the present invention can be prepared
by GMO (genetically modified organisms)/biotechnology methods, for
example, providing phospholipids-producing organisms with omega-3 or
omega-6 fatty acids to obtain phospholipids enriched with omega-3 or
omega-6 PS. It may be preferred to use genetically engineered plants or

microorganisms, to avoid use of animal sources.

The PS of this invention can have the omega-3 or omega-6 fatty acid
composition of a specific lecithin raw material, relatively rich with omega-
3 or omega-6 fatty acids, enriched with PS to yield a PS ingredient with
elevated omega-3 or omega-6 fatty acids levels, compared to soybean-PS.
Such is the case, for example, when phospholipids from krill are used as

the starting material, as described above.

In a preferred embodiment the PS enriched with omega-3 or omega-6 can
be soybean-PS or any other PS, from plant, animal, for example krill, or
microorganism source. In a further preferred embodiment the omega-3 or
omega-6 enrichment can be performed on a lecithin, which in turn is

enriched with PS by transphosphatidylation.

It is the purpose of this invention to provide a novel PS ingredient,
enriched with omega-3 fatty acids, resulting in an ingredient with
improved efficacy compared to ingredients containing natural or simply

enriched PS.

The improved PS preparation of this invention exhibits enhanced activity

in the improvement and treatment of cognitive and mental conditions and
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disorders as well as the maintenance of normal functions of brain related
systems and processes. These include, but are not limited to ADHD,
multiple sclerosis (MS), dyslexia, depression, learning capabilities,
intensity of brain waves, stress, mental and psychiatric discorders,
neurological disorders, hormonal disorders, concentration and attention,
mood, brain glucose utilization, and genéeral cognitive and mental well

being.

The novel lipid preparation of this invention exhibits enhanced activity in
the imprbvement of cognitive functions, as detailed hereunder, over
omega-3 or omega-6 lipids per se or soybean-PS. Furthermore, under
certain conditions or for all or specific disorders, the lipid preparation of
the invention is effective at a dosage of less than 100 mg/day. This is lower
that the current recommended daily dosage of soybean-PS (100-
300mg/day) or omega-3 lipids (approx. 1-2g/day or more) currently
available in the market. Nonetheless, dosages of 100-600mg/day are

preferred for enhanced efficacy of the lipid preparation of the invention.

An important advantage of the PS preparation of the invention is that it
exhibits multifunctional activity. This multi-functionality is exhibited by
improvement in cognitive and mental functions, together with

improvement of other health disorders or conditions.

The enhanced activity of this PS ingredient, as well as its multi-
functionality, may arise from the unique structure of this ingredient and
its influence on the physical and chemical properties of cell membranes in

brain tissues as well as other organs and tissues.
The enhanced activity of this PS ingredient, as well as its multi-

functionality, may also be attributed to the enhanced bicavailability of the

omega-3 fatty acids, due to their incorporation in the PS skeleton. Thus,
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the omega-3 fatty acids can be delivered to the brain across the blood-
brain barrier, being a part of the Ps molecule, which readily passes this
barrier. The PS functions as a delivery platform for the fatty acids bound
thereto, to wvarious organs and tissues, thereby enhancing their

bioavailability.

The additional health disorders or conditions which are affected by the
multifunctional PS preparation of the invention include, but are not
limited to high blood cholesterol levels, high triglycerides levels, high
blood fibrinogen levels, HDIL/LDL ratio, diabetes, metabolic syndrome,
menopausal or post-menopausal conditions, hormone related disorders,
vision disorders, inflammatory disorders, immune disorders, liver
diseases, chronic hepatitis, steatosis, phospholipid deficiency, lipid
peroxidation, dysrhythmia of cell regeneration, destabilization of cell
membranes, coronary artery disease, high blood pressure, cancer,
hypertension, aging, kidney disease, skin diseases, edema,
gastrointestinal diseases, peripheral vascular system diseases, allergies,

airways diseases, neurodegenerative and psychiatric diseases.

The new ingredients of the invention can be delivered and utilized in a
variety of products. Such products include dietary supplements, functional

foods, pharmaceutical delivery systems, etc.

The preparation of pharmaceutical compositions is well known in the art
and has been described in many articles and textbooks, see e.g., Gennaro
A. R. ed. (1990) Remington’s Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pennsylvania, and especially pages 1521-1712 therein.

As dietary supplements, the preparations of the invention may be used in
the form of soft gel capsules, tablets, syrups, and other common dietary

supplements delivery systems.
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As functional foods, the preparations of the invention can be incorporated
and used in a variety of foods, such as dairy products, ice-creams, biscuits,
soy products, pastry and bread, sauces, condiments, oils and fats,
margarines, spreads, cereals, drinks and shakes, infant formulas, infant
foods (biscuits, mashed vegetables and fruits, cereals), bars, snacks,

candies, chocolate products.

As pharmaceutical products, the preparations of the invention can be
delivered orally, intravenously, or by any other conventional or special

route of administration.

The new preparations of the invention may be in the form of fluid oil,
powder, granules, wax, paste, oil or aqueous emulsion, and any other form

that will enable its use in the target applications.

Pharmaceutical or nutraceutical formulations comprising the PS
preparation of the invention may include physiologically acceptable free
flowing agents, other additives, excipients, dessicants and diluents,
colorants, aroma and taste ingredients, and any ingredients that control
physical, organoleptic, and other properties, as well as additional active

ingredients, for example minerals, vitamins, other nutritional additives.

The utilization of omega-3 lipids in a variety of applications, and
especially as ingredient of functional foods, is hindered due to their
distinct fish odor. Thus, another advantage of the omega-3 enriched
phospholipids ingredients of the invention is that they have reduced odor
or taste of omega-3 acyl moieties, due to the covalent binding of these
groups to the PS backbone. This increases the vapor pressure of these
materials, hence reducing their distinct aroma. Thus, the covalent binding

of the omega-3 fatty acids to the phospholipid backbone, especially PS,
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alters and improves their taste properties. Moreover, the PS ingredient of
the invention also offers enhanced stability to the oxidation sensitive
omega-3 fatty acids. Phospholipids in general, and PS in particular, are

known to act as anti-oxidants and stabilizers.

These benefits make the lipid preparation of the invention highly
beneficial and important in a variety of applications and especially in
functional foods, where stability, aroma and taste are fundamental

requirements.

Furthermore, these novel ingredients can be formulated with additional

lipids for an even enhanced bio-functionality and efficacy.

The polar lipids derivatives of PUFA, such as the PS-PUFA derivatives
have exhibited high stability as a preparation and additionally in several
food applications, used in the clinical trials of the present invention. The
stability of these sensitive compounds is emerging from the covalent
combination of phospholipids, known in the past to be used as

preservatives and of the un-stable PUFA moieties.

The new ingredients of the invention can be delivered and utilized in a
variety of products. Such products include dietary supplements, functional

foods, pharmaceutical delivery systems, etc.

Disclosed and described, it is to be understood that this invention is not
limited to the particular examples, process steps, and materials disclosed
herein as such process steps and materials may vary somewhat. It is also
to be understood that the terminology used herein is used for the purpose
of describing particular embodiments only and not intended to be limiting
since the scope of the present invention will be limited only by the

appended claims and equivalents thereof.
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It must be noted that, as used in this specification and the appended

claims, the singular forms “a”, “an” and “the” include plural referents

unless the content clearly dictates otherwise.

Throughout this specification and the claims which follow, unless the
context requires otherwise, the word “comprise”, and variations such as
“comprises” and “comprising”, will be understood to imply the inclusion of
a stated integer or step or group of integers or steps but not the exclusion

of any other integer or step or group of integers or steps.

The following Examples are representative of techniques employed by the
inventors in carrying out aspects of the present invention. It should be
appreciated that while these techniques are exemplary of preferred
embodiments for the practice of the invention, those of skill in the art, in
light of the present disclosure, will recognize that numerous modifications
can be made without departing from the spirit and intended scope of the

invention.

Examples

Example 1

Methods:

Animals and diet

Male Wistar rats originated from the same colonies were obtained from
Harlen. Fifty rats were randomly divided into five dietary supplemented
groups, in addition to their normal diet: (i) a group fed 0.1g medium-chain
triglycerides (MCT)/1ml supplement matrix (MCT group); (ii) a group fed
0.1g DHA/EPA (20/30% of total fatty acids composition, diluted with MCT
to generate 30% (w/w) LC-PUFA compound) triglycerides/1ml supplement
matrix (LC-PUFA group); (iii) a group fed 0.1g soybean lecithin-derived
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PS (20% SB-PS w/w)/1 ml supplement matrix (SB-PS group); and (v) a
group fed 0.1g PS- w3 (20% PS w/w, and total LC-PUFA composition of
30%)/1 ml supplement matrix (PS group). The supplement matrices were
stored at -20°C, and fresh portions were fed to the rats every day. All
supplements were handled so as tb minimize oxidation of the fatty acids.
Rats consumed the diet and water ad libitum. All rats were housed in a
standard environmeht, in which temperature was maintained at 24 %
0.5°C, and the relative humidity was kept at 65 + 5% with 12-h periods of
light and dark. Body weight was measured at the beginning and the end of

the treatment period.

The PS-w3 compound used in this study mimics the fatty acids
composition of the mammalian brain PS, with respect to its DHA content
(20%). Generally, in animal cells, the fatty acid composition of PS varies
from tissue to tissue, but does not appear to resemble the precursor
phospholipids, either because of selective utilization of specific molecular
species for biosynthesis or because or re-modeling of the lipid via
deacylation-reacylation reactions. In human plasma, 1-stearoyl-2-oleoyl
and 1-stearoyl-2-arachidonoyl species predominate, but in brain and many
others related tissues 1-stearoyl-2-docosahexaenoyl species are very
abundant [O'Brien et al. (1964) J Lipid Res. 5(3):329-38]. An early work by
Yabuuchi et al. [Yabuuchi et al. (1968) J Lipid Res. 9(1):65-7] established
that the DHA content in bovine gray matter is up to 30% of the total fatty
acids composition; most of the total amount of DHA was located at the sn-
2 position (60%). It was the bovine brain PS that Toffano and Bruni
reported in the early 1980's to be a pharmacologically active compound,
which counteracts age-related changes in the central nervous system

[Toffano et al. (1980) Pharmacol.Res. Commun. 12:829-845].
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Behavioral testing

Water maze test, which was developed by Morris [Stewart, CA. and
Morris, RG. (1993) The water maze. In: Behavioural Neuroscience: A
Practical Approach. Vol. 1 (Saghal, A., ed.), pp. 107-122. Oxford
University Press, New York, NY.], uses a circular tank (137 cm diameter,
35 c¢cm deep) constructed of opaque white plastic. It is filled with water
(21-22°C) to a depth of 28 cm, and the water is rendered opaque by the
addition of soluble, nontoxic white latex paint. In the place version of the
maze, the rat develops a spatial map of the extra-maze cues, which it then
uses to locate the platform. Thus the distance swum to the platform and
the time taken in doing so should decrease over testing sessions (days) as
the rat learns the location of the platform. Moreover, it is expected that if
the rat has learned the location of the platform in relation to the extra-
maze cues, its initial response on the probe trial will be to swim directly to
the quadrant in which it expects to find the platform. Thus the distance
swum (and time spent) in the target quadrant should be greater than that
in the other two quadrants (excluding the start quadrant). The distance
swum to the platform as well as the latency to reach the platform were
monitored using the video-based tracking system. The behavioral testing

was conducted during the dark cycle, when rats are normally most active.

The pool was located in a test room in which there were many extra-maze
spatial cues. On the first three days, the rats were required to locate the
hidden platform (15.5 cm x 15.5 cm) situated 1 cm below the surface of the
water. There were two acquisition testing sessions per day, with four trials
per session. On each trial, the rat was placed, facing the wall, in one of the
four quadrants in the tank, and allowed to swim for a maximum of 60
seconds. Once the rat found the platform, it remained there for 5 seconds
before being returned to the holding cage, which was kept warm on a
heating pad. If the rat failed to find the platform in that time, it was

placed on it for 5 seconds before being returned to the holding cage. Each
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of the eight trials conducted each day was started from a different
quadrant, with the order determined pseudorandomly (not twice from the
same quadrant) and varying from day to day. The intertrial interval (ITI)
was 120 seconds, counted from the end of one trial to the beginning of the
next. On fourth day, followed by a session as abovementioned, the
platform was removed from the tank, and a probe trial was conducted by
placing the rat in the quadrant opposite to that of the platform and then
allowing it to swim for 60 seconds. The day following the probe trial, the
rats were tested with a session in which the maze was set up as previously
described, followed by a session in which the platform was repositioned to
the center of the opposite quadrant. The latency to find the platform on
each trial was recorded. Scopolamine (1Img/Kg) was intraperitoneally (i.p.)

administered 30 minutes before the indicated trials.

Lipid extraction and NMR analyses

At the end of the behavioral testing, the rats were anesthetized with
Halothane and then decapitated. Liver and brain tissues were quickly
removed and stored (at -80°C). The lipid fraction of the rat tissues were
extracted using a modified version of the technique described by Bligh and
Dyer 1959 [Bligh and Dyer, (1959) Can. J. Biochem. Physiol. 37, 911-917].
Briefly, 500-700 mg and 300-1200 mg of liver and brain tissues,
respectively, were homogenized in a solution of CDCI3, methanol and CS-
EDTA (1:2:2 wviviv). The homogenates were further agitated using
ultrasonic bath (10 min, 80°C), followed‘by additional vigorous shaking (20
min). The relative ratio of the phospholipids in the homogenates was
measured using high-resolution 31P-NMR at 121.MHZ using a 7.06 Tesla

'General Electric spectrometer.
These homogenates were further analyzed for their fatty acids

distribution. First, the lipids extracts were desalted by reverse-phase

chromatography using an RP-18 column [Williams et al. (1980) J.
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Neurochem.; 35, 266—269]; diheptadecanoyl phosphatidylcholine was
added as internal standard before the loading on the column.
Phospholipids were separated from neutral lipids, such as cholesterol, on
silica gel plates (Merck 60) developed in ischexane: ether: formic acid
80:20:2 (v:viv). The phospholipids spot was visualized by spraying
primulin solution and compared with authentic phospholipids standards.
Henicasonoic methyl ester (C21:0) was added as a 2nd internal standard
and the phospholipids were converted to methyl esters by mild acid
hydrolysis with 1% methanolic H2504 overnight at 50°C. The fatty acids
profile of the different samples was determined by gas-liquid
chromatography.

Results

Anti-dementia effects of bovine brain cortex-derived PS (BC-PS) has been
demonstrated by several double-blind, placebo-controlled studies, see
review by [Kidd P. (1996) Alt Med Rev. 1(2):70-84]. In the past decade both
BC-PS and soybean lecithin transphosphatidylated PS (SB-PS) were
shown to recover the scopolamine-induced amnesia in rodent, although the
fatty acids composition is considerably different between these compounds
[Zanotti A et al. (1986) Psychopharmacology (Berl). 90(2):274-5.; Claro F.
et al. (1999) Physiol Behav. 67(4):5651-4; Sakai M. (1996) Nutr Sci
Vitaminol. (Tokyo) 42(1):47-54; Furushiro- M ei al. (1997) Jpn J
Pharmacol. 75(4):447-50]. The means of PS administration in these
studies was predominantly intravencus or intraperitoneal; although
Furushiro et al. described also oral administration of SB-PS that
antagonized amnesic effects of scopolamine. However, in the latter study
the investigator used a considerable high dose of SB-PS, ranging between

60 to 240 mg/Kg.

In the presented study, rat diet was supplemented with the above-

mentioned treatments (diets i, ii, iii, iv and v) for three months before the
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maze test was performed. In the acquisition stage (Figure 1A-1D) there is
an expected and marked increase in the latency time to find the platform
after the administration of scopolamine (1mg/Kg) of all groups. Although
the latency curves of MCT and PS-w3 groups are similar, there is a
statistically smaller difference in the latency change, induced by
scopolamine, in the PS- w3 group with respect to the latency presented by
the MCT group (P-value< 0.07 Vs. P-value<0.0007, respectively).
Similarly, the groups treated with SB-PS or LC-PUFA, demonstrated a
reduced effect of scopolamine on their learning curves, with respect to the
MCT group (see Figure 1A-1D). Having all groups learn the task at a
similar rate, resembles data presented by Blokland et al. [Blokland et al.
(1999) Nuirition 15(10): 778-83], which showed no difference between PS
obtained from different sources and the empty vehicle, in a water maze

test.

What is particular to the present trial is the accelerated rate in learning
the task under the scopolamine sedation. This was not demonstrated
previously [Furushiro et al. (1997) id ibid.; Suzuki et al., (2000) Jpn. J.
Pharmacol. 84, 86-8]. Note that in these studies the rodent faced a
different task (passive avoidance). In Suzuki et al. 2001 (J. Nutr. 131:
2951-6) the investigators utilized considerably older rats (24-25 months
old) than the ones tested in the present trial. The latency time in the
acquisition step was considerably longer for the aged rats compared to the
young ones that were tested (eight weeks). Interestingly, although the
latency time in the present trial of non-sedated rats is somewhat
comparable to the younger rats tested by Suzuki et al. [Suzuki et al. (2001)
id ibid.], the scopolamine-induced amnesia latency time in the MCT group
resembles the one obtained at the described study for elderly rats. In
conclusion, scopolamine induced a comparable long latency time in the
control group (MCT). This effect was augmented to a different extent by
long-term treatment of rats with either PS or LC-PUFA.
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In the probe trial, the rats treated with PS- w3 showed a distinctively
higher tendency than MCT-treated ones (P<0.085) to be present at the
zone in which the platform was located during the acquisition of the task
(Figure 2), indicating that the rats had learned the spatial location of the
platform. Moreover, PS- w3 treated rats presented a reduced tendency
(P<0.08) to swim in the periphery zone, but rather spent in the central
zone. These latter indications, presented by the PS- w3 group are related
to a higher adventurous characteristic and could be somewhat correlated
with the open field behavior trial. Interestingly, in Blokland ef «l.
[Blokland et al. (1999) id ibid.] BC-PS treated mice demonstrated a non-
significant but clear tendency to be less adventurous in the open field
behavior trial, by spending less time in the center area. With respect to
the remarkable learning abilities demonstrated by the rats that were
treated with PS- w3, it is interesting to compare their performance in the
Morris water maze task in the spatial probe test to the one obtained by the
SB-PS treated animals by Suzuki et al [Suzuki et al (2001) id ibid.].
Though the percent of time spent in the quadrant where the platform was
located is similar (~45%), it is remarkable that the dosage in the current
study was merely one third of the administration levels in Suzuki et al
2001 (20mg’kg vs. 60mg/kg, respectively). Indeed, in the present study
there was no significant change in the time that the SB-PS (20mg/kg)
treated rats spent in this quadrant when compared with the values
obtained by the MCT-treated group [Fig.1C and Fig. 1A, respectively]. In
summary, the PS- @3 treated group learning abilities were markedly
higher than the control, in a considerably low level of PS administration.
In addition, the rats treated with PS- w3 were less conservative and more

adventurous in studying the maze in the absence of the platform.

Finally, the most prominent and outstanding data obtained in the present

study was the response to the repositioning of the platform. All groups

RIMFROST EXHIBIT 1024 page 2751



WO 2005/037848 PCT/IL2004/000957

37

presented a shorter latency in finding the platform at the first session,
when compared to the one obtained by the MCT-treated group, under
scopolamine sedation (Figure 3A-3D). These data suggest that LC-PUFA,
and more potently PS, can attenuate scopolamine-induced amnesia, as

previously presented by other studies (see selected references above).

Surprisingly, in the second session, there were no differences between the
latency in finding the platform after its repositioning in all groups but the
PS-©3 treated group. In fact, it seemed that in all treatments but the PS-
w3 there was no learning process of the position of the platform. The PS-
@3 group presented a remarkably different behavior; it seemed that there
was no lag in the learning of the repositioned platform in the rat treated
with this anti-muscarinic drug. The ability of the PS-w3 treated group to
locate the platform after it had been repositioned seemed to be
contradictory with the result obtained earlier in the spatial probe test
(Fig. 2), where these rats showed preference for the third quadrant. Pearce
and colleagues [Pearce et al. (1998) Nature 396: 75-77] attempted to
resolve this discrepancy, by describing two means for memorizing a
specific spatial location. One is to use a cognitive map that encodes
information about the geometric relationship between the object and
several land marks (the cognitive map method) and the other is the use of
heading vectors that specify the direction and distance from a single
landmark to the object (the heading vector method). In the present test,
the rats could locate the platform from the above-mentioned cues and/or
from the distance and direction with respect to the walls. In the
acquisition and the spatial probe test, both methods contributed to the
score of finding the platform. However, in the repositioning test, the
cognitive abilities which are related to the heading vector method and the
short-term memory (working memory), made the difference. The heading
vector method, because the distance from the wall was not effected by the

repositioning (just the quadrant), and the working memory due to the
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benefits in memorizing the areas already explored that enable an effective

search in the pool.

It has been previously reported that the mechanism by which PS
attenuates the scopolamine effect could be attributed not only to a
beneficial effect on the cholinergic circuitry, but PS could also have an
effect on the serotonergic neuronal system [Furushiro et al. (1997) id
ibid.]. It appears that the presented data could be the result of more than
one neuronal system alteration, possibly the dopaminergic. In an earlier
study [Drago et al. (1981) Neurobiol Aging, 2(3):209-138], it was suggested
that the alteration in the obtained behavioral changes between BC-PS
treated aged rats to their control could be attributed not only to the
modifications in cholinergic and serotonergic transmission, as described
above, but also through affecting the catecholaminergic (like dopamine)
system. In this study the facilitated acquisition of active avoidance
behavior as studied in shuttle-box and pole jumping test situations, and
the retention of active and passive avoidance responses were improved in
the PS-treated rats. Tsakiris [Tsakiris, S. (1984) Z Naturforsch [C], 39(11-
12):1196-8] reported on an indirect effect of PS on the dopamine related
adenylyl cyclase, through membrane fluidity mechanism. Interestingly, it
has also been reported [Chalon, et al. (1998) J Nuir.; 128(12):2512-9] that
enriched diet with high level of (n-3) PUFA could result in an effect on the
cortical dopaminergic function. It is conceivable that the existence of LC-
PUFA on the backbone of the phospholipids was highly beneficial in terms

of such a multi-neurotransmitter mechanism.

The biochemical analyses of the present results in liver tissues (Fig. 4A)
shows that in rats supplemented with PS for three months (SB-PS and
PS-w3) there was a notable increase in the levels of the primer
phospholipids, i.e. phosphatidylcholine (PC). These data is consistent with

early observations regarding the liver and its major role in the
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phospholipids uptake and the primary metabolism of most fatty acids.
Wijendran and colleagues [Wijendran et al. (2002) Pediair. Res. 51:265-
272] described a study in which baboons were fed labeled LLC-PUFA on the
backbone of PC and triglycerides, and demonstrated that the levels of
incorporation of LC-PUFA on a phospholipid backbone to the liver was
higher than the extent of incorporation of LC-PUFA on the triglycerides
backbone. In addition, PS levels of rats fed with PS- @ 3 were elevated in
cortex tissues analyses of phospholipids distribution (Figure 4B),
comparing with MCT. Interestingly, the phospholipids fatty acids profile
of these cortices (Table 1) demonstrate a marked elevation in the DHA
content of the rats fed with PS-w3 EPZO.OO"/'). Similar elevation was noted
for LC-PUFA fed rats, however to a reduced extent compared with PS- w3
treatment (14.6 versus 17.5, respecti\}ely P=0.03) and MCT (14.6 versus
12.8, respectively P=0.02). This difference in the DHA levels between the
two omega-3 groups might suggest enhanced bioavailability of DHA when
it is esterified to the backbone of phospholipids rather than to
triglycerides. Similar conclusions were drawn by Lemaitre-Delaunay and
colleagues [Lemaitre-Delaunay et al. (1999) /. Lipid Res.; 40:1867-1874],
when they had study the kinetics and metabolic fate of labeled DHA on
triglycerides versus its enrichment in lysophsphaytidylcholine, and by
Wijendran et al. [Wijendran et al. (2002) id tbid.] in the above-mentioned
baboons study.

Interestingly, this increase in DHA content in the cortices of both PS- w3
and LC-PUFA fed rats is accompanied with a statistically significant
decrease in the levels of oleic acids and to somewhat lower extent of
linoleic acid (Table 1) in the phospholipids fraction. Similar changes in the
ratios of the fatty acids profile was demonstrated by others, by feeding
rodents with dietary fats enriched with LC-PUFA [for example: Yamamoto
et al. (1987) oJ. Lipid Res. 28: 144-151]. The SB-PS group showed a very
similar profile to the MCT group.
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In sum, the improved performance in the Morris water maze test of the
PS- ©3 treated rats under scopolamine sedation strongly supports the
potency of PS-w3 as an anti-dementia and age-associated memory
impairment effects. This cognitive enhancement is further supported by
the biochemical evidence of the elevated phospholipids levels in the liver
and brain tissues (Fig. 4A-4B), and with elevated levels of DHA attached
to the phospholipids from the cortex of the PS- w3 fed rats.

Table 1 summarizes the effect of dietary LC-PUFA from different sources
on the fatty acids profile in cerebral phospholipids from elderly Wistar
rats. Fatty acids from the purified phospholipids fraction were analyzed by
gas-liquid chromatography. The major fatty acids are expressed as % of
total fatty acids in the phospholipids. Values represent meantS.D. of four
different rats per treatment. Statistical significant between different
sk

supplements and MCT group is presented as followed: * P<0.05;
P<0.01. |

Table 1

Fatty acids MCT LC-PUFA SB-PS PS- w3
C16:0 12.9+1.4 14.6x4.7 13.7+4.7 13.6+4.4
C16:1 1.0+0.7 1.0+0.3 1.5+0.4 1.5+0.8
C18:0 17.9+1.0 20.1+1.3* 17.2+2.8 18.04+5.5
C18:1 (n-9) 36.5+1.8 32.0+£2.8* 37.0£6.8 30.7x4.1*
C18:1 (n-7) 3.7+0.5 4.3+0.2* 4.0+0.3 4.8+1.5
C18:2 7.2+0.7 4.5+0.6™* 7.1+2.6 5.1+£2.7
C20:1 2.5+0.5 2.940.8 2.1+0.4 2.3+£0.3
C22:6 12.3+1.7 14.6+0.6* 12.443.2 17.5+2 4™
C24:1 3.4+:1.0 3.3%1.3 2.8+0.9 2.04+1.2F
rest 2.7+0.1 2.8+:0.4 2.1+0.9 4.5+3.0

2

i

i
Example 2 — PS-omega-3 in the treatment of ADHD children
Attention-deficit/hyperactivity disorder (ADHD) encompasses a broad

constellation of behavioural and learning problems and its definition and
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diagnosis remain controversial [Kamper (2001) J. Pediair. 139:173-4;
Richardson et al. (2000) Prostaglandins Leukot. Essent. Fatty Actds, 63(1-
2):79-87]. The etiology of ADHD is acknowledged to be both complex and
multi-factorial. Traditionally, ADHD is the diagnosis used to describe
children who are inattentive, impulsive, and/or hyperactive. Roughly 20-
25% of children with ADHD show one or more specific learning disabilities
in math, reading, or spelling [Barkley, R.A. (1990) Atteniton-deficit
hyperactivity disorder: a handbook for diagnosis and treatment. New York:
Guilford Press]. Children with ADHD often have trouble performing
academically and paying attention, and may be disorganized, have poor
self-discipline, and have low self-esteem. A conservative estimate is that
3-5% of the school-age population has ADHD [American Psychiatric
Association. Diagnostic and statistical manual of mental disorders. 4th ed.
(DSM-IV) Washington, DC: American Psychiatric Association, 1994].
Treatments for ADHD include behavior therapy and medications, mainly
methylphenidate (Ritalin™). Psychostimulant drugs and antidepressants
are often used to calm children with ADHD, with an effectiveness rate of
~75% (Swanson et al. Except Child 1993; 60:154-61). The advantages of
using these medications include rapid response, ease of use, effectiveness,
and relative safety. Disadvantages include possible side effects, including
decreased appetite and growth, insomnia, increased irritability, and
rebound hyperactivity when the drug wears off [Ahmann et al. (1993)
Pediatrics; 91:1101-6]. Moreover, these medications do not address the
underlying causes of ADHD. Thus, studies to elucidate the potential
contributors to the behavior problems in ADHD may lead to more effective

treatment strategies for some children.

Omega-3 fatty acids are specifically implicated in maintaining central
nervous system function. Deficiency of n-3 fatty acids in rats and monkeys
has been associated with behavioral, sensory, and mneurological

dysfunction [Yehuda et al. (1993) Proc. Natl. Acad. Sci. USA; 90:10345-9;
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Reisbick et al. (1994) Physiol. Behav. 55:231-9; Enslen et al. (1991) Lipids;
26:203-8]. Several studies have focused on essential fatty acid metabolism
in children with ADHD [Colguhoun et al. (1981) Med Hypotheses; 7:673-
679]. Children with hyperactivity have been reported to be more thirsty
than normal children and have symptoms of eczema, asthma, and other
allergies [Mitchell et al. (1987) Clin. Pediatr.; 26:406-11]. For example, in
a cross-sectional study in 6-12-y-old boys recruited from central Indiana,
it was showed that 53 subjects with ADHD had significantly lower
proportions of key fatty acids in the plasma polar lipids [arachidonic acid
(AA; 20:4n-6), eicosapentaenoic acid (EPA; 20:5n-3), and docosahexaenoic
acid (DHA; 22:6n-3)] and in red blood cell total lipids (20:4n-6 and 22:4n-6)
than did 43 control subjects [Stevens et al. (1995) Am. J. Clin. Nutr.;
62:761-8]. However, recent publications [Hirayama et al. (2004) Eur. JJ.
Clin. Nutr.; 58(3):467-73; Voigt et al. (2001) J Pediair.; 139(2):189-96] that
investigated whether DHA supplementation would result with ameliorate
the symptoms in ADHD children, suggested that careful attention should
be paid as to which fatty acid(s) is used. In these studies DHA

supplementation had demonstrated only marginal if any beneficial effects.

Recently, it has been suggested that one of the possible solutions to the
nutrient deficiencies which are common in ADHD, could be PS

supplementation [Kidd (2000) Altern Med Rev.; 5(5):402-28].

Method

Subjects and diet

Ninety 8-to-13-year old children diagnosed according to the DSM-IV as
ADHD, were assigned randomly, in a double-blind fashion to receive PS-
w3 (300 mg/d; containing total 450 mg/d DHA/EPA), 450 mg/d DHA/EPA
or canola oil (30 per group) for two months, while not taking stimulant
medication or other supplements. Characterizing the subject as ADHD

included a score lower than -1.8 in the Test of Variables of Attention.
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Data Analysts
At the conclusion of the trial, ADHD children were scored according to

parental behavioural rating scales (Connors' Rating scale).

Results and discussion

Use of complementary therapies is particularly common among patients
with chronic, incurable, or frequently relapsing conditions. For example,
use of complementary and alternative medical therapies (CAM) is common
in children with cancer, asthma, and cystic fibrosis. Parents or subjects
who seek CAM typically do so because such therapies are more consistent
with their values, are more empowering, and are perceived as more
natural and less risky than conventional treatments. The majority of these
patients do not abandon mainstream therapies but use herbs and other
forms of CAM as adjunctive treatments. Only a minority (<40%) talk with
their pediatricians about their use of CAM. Because of the stigma and side
effects that accompany use of stimulant medications, many families turn
to CAM to treat ADHD. Typically, only 70% of children respond to
stimulants such as Ritalin™, and of those who do, approximately half
report side effects from their medications. In an Australian survey of 290
families seen at a multidisciplinary referral center for ADHD, 64% had
tried at least one “other therapy,” most commonly dietary réstriction,
multivitamin supplementation, and occupational therapy [Stubberfield et

al. (1999) J Paediatr Child Health;35:450-3].

In the presented study the different supplementation was formulated into
a popular chocolate paste (see below). Using this matrix enable the
parents to administer the treatments in a non-conventional form to their
children and provided a reduced organoleptic effect characteristic of the

marine-derived compounds (see below).
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The parental rating survey, at the end of the treatment period, measured
the attention deficit, hyperactivity and impulsivity of the childrén, as well
as the aggression as assessed by parents, teachers, siblings and peers. The
results indicate a distinctively large placebo effect. This effect is somewhat
reduced if the placebo-treated ADHD children that failed to complete the
study due to severe behavioral deterioration are taken into consideration.
It seemed that most of these children insisted on reassigning for Ritalin™
administration. However, the present data also clearly demonstrate PS-
w3 as a potent agent. All in all, ~70% of the parents of the PS- ©3 treated
ADHD children indicated some improvement in the behavioural score of
their children, whereas 50% of these parents provided clear indications for
multiple beneficial effect of the supplement on their children behavior.
This prominent effect is 2.2-fold higher than the improvement obtained by
placebo (~30%). Comparison of the parental scoring of LC-PUFA on ADHD
children behavior with the parallel rating that followed three months of
PS- w3 administration, point at the latter to have a higher score. While
both compounds demonstrated similar extent of marginal improvement,
PS- %3 had a marked higher rate of substantial improvement (47% versus
35%, respectively) with the lowest rats of lack or deteriorating effects (21%
& 11% versus 26% and 17%, respectively). These effects of PS- w3
supplementation could be attributed to both enhanced bioavailability of
omega-3 fatty acids and through PS well documented effects on mood,

stress and anxiety.

Example 3 - Effect of PC-DHA consumption in ApoE° mice

Methods

Animal diet

Apolipoprotein E deficient (ApoE°®) mice [Hayek T. et al. (1994) Biochem.
Biophys. Res. Commun. 201:1567-1574] at 8 weeks of age, were assigned
randomly (5 mice each) to LC-PUFA enriched lecithin (30% omega-3 of
total fatty acids composition; PC-DHA group) or placebo. The mice were
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fed, besides the regular chow diet, once every three days with either 25 pl
PC-DHA or PBS, via oral gavage, during 10 weeks.
Each mouse consumed approximately 5 ml of water/day, and 5 g of

chow/day.

Serum lipids peroxidation

Serum was diluted 1:4 in PBS. Serum susceptibility to oxidation was
determined by incubating serum sample with 100mM of the free radical
generating compound, 2-2-azobis 2-amidinopropane hydrochloride
(AAPH), which is an aqueous soluble azo compound that thermally
decomposes to produce peroxyl radicals at a constant rate. The formation
of thiobarbituric reactive substances (TBARS) and of lipid peroxides was
measured and compared to serum that was incubated under similar

conditions, but without AAPH.

Results and Discussion:

ApoBEe mice are widely used as an animal model for atherosclerosis as they
develop severe hypercholesterolemia and atherosclerotic lesions on a chow
diet. Moreover, accelerated atherosclerosis is associated with increased
lipid peroxidation of plasma lipoproteins and arterial cells in these mice
[Hayek T. et al. (1994) id ibid.; Keidar S. (1998) Life Sci. 63:1-11].

Figure 6 shows how prolonged PC-DHA consumption by ApoHe mice
resulted in a clear tendency (P<0.10) to reduce the serum susceptibility to

AAPH-induced oxidation by 16% (in comparison to placebo).

Organoleptic issues

The utilization of omega-3 lipids in a variety of applications, and
especially as ingredient of functional foods, is hindered due to their
distinct fish odor. Thus, another advantage of the omega-3 enriched

phospholipids ingredients of the invention is that they have reduced odor
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or taste of omega-3 acyl moieties, due to the covalent binding of these
groups to the PS backbone. This increases the vapor pressure of these
materials, hence reducing their distinct aroma. Thus, the covalent binding
of the omega-3 fatty acids to the phospholipid backbone, especially PS,
alters and improves their taste properties. Moreover, the PS ingredient of
the invention also offers enhanced stability to the oxidation sensitive
~omega-3 fatty acids. Phospholipids in general, and PS in particular, are

known to act as anti-oxidants and stabilizers.

These benefits make this novel phospholipids’ preparation of the invention
highly beneficial and important in a variety of applications and especially
in functional foods, where stability, aroma and taste are fundamental

requirements.

Furthermore, these novel ingredients can be formulated with additional

lipids for an even enhanced bio-functionality and efficacy.

The starting compound used for the above-mentioned clinical trial in
ADHD patients, was LC-PUFA enriched PS mixed with fish oil.
Originally, this product and the control fish oil were formulated in food
products like energy bars; however the responses from expert panels were -
categorically devastating, pointing at severe organoleptic problems. In
order to overcome this taste barrier the PS- w3 product of the invention
was de-oiled. The end-product of this process was a paste that when
reformulated with either inert or dominant — organoleptic saturated fats
could be easily formulated in chocolate bars, chocolate spread, chocolate
coated cornflakes, low-fat dairy products or concentrated milk., Each one of
these formulations had an evidently reduced organoleptic objection from

both the expert panels and the trial volunteers.
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The polar lipids derivatives of PUFA, such as the PS-PUFA derivatives
have exhibited high stability as a preparation and additionally in several
food applications, used in the clinical trials of this invention. This
stability, of these sensitive compounds is emerging from the covalent
combination of phospholipids, known in the past to be used as

preservatives and of the un-stable PUFA moieties.

The stability of a commercially prepared fish oil (omega-3 fatty acid) for
laboratory rodent diet [Liytle et al. (1992) Nuir Cancer; 17(2):187-94] or as
an enrichment in spreadable fats [Kolanowski et al. (2001) Int J Food Sci
Nutr.; 52(6):469-76] was addressed by several studies as the public
awareness towards the beneficial effects of LC-PUFA increased. A major
effort was directed at maintaining the oxidative stability of the fish oil, as
these fatty acids are subject to rapid and/or extensive oxidation and other
chemical changes by exposure to air, light, or heat during processing or
when stored for various lengths of time. The common solution presented in
these studies was supplementation the fish oil matrix with antioxidants
like butylated hydroxytoluene, butylated hydroxyquinone and alpha-
tocopherol, or alternatively, dilution of concentrated fish ocil to a limit of
1% in a saturated fats matrix. However, Song and colleagues [Song et al.
(1997) Biosci Biotechnol Biochem.; 61(12):2085-8] had already evaluated
the peroxidative stability of DHA-containing oils the form of
phospholipids, triglycerides, and ethyl esters in the dark at 25°C in a bulk
phase during 10 weeks storage. They had shown that DHA-containing oil
in the form of phospholipids was more resistant to the oxidative
degradation of DHA than that in the form of triglycerides and ethyl esters
in a bulk phase.

The abovementioned PS-w3 containing products utilized for the clinical
studies were tested for their shelf-life and stability in room temperature.

The enriched PS-w3 formulated in condensed milk (1 g product per 10 ml
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milk) was analyzed by 81P-NMR for stability in cycles of freeze-thawing for
a week, and was found to be stable. In the second phase, PS-w3 in a
chocolate paste matrix (0.75 g product per 20 g chocolate spread) was
tested for stability after two weeks storage in room temperature. This
formulation also presented a stable percentage of PS, in 3!P-NMR
analysis. In conclusion, we had been able to establish that w-3 containing
phospholipids are highly stable in room temperature, as well as in
freezing-thawing cycles, as oppose to w-3 containing triglycerides known to

rapidly decay after antioxidant consumption.
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Claims:

1. A lipid preparation, wherein said lipid is selected from the group
consisting of a glycerophospholid and salts, conjugates and derivatives and
thereof and any mixture thereof, and poly-unsaturated fatty acid (PUFA)
acyl groups, particularly long-chain poly-unsaturated fatty acid (LC-
PUFA) acyl groups, preferably omega-3 and/or omega-6 acyl groups, at a
concentration of least b% (w/w) of total fatty acids content of said
preparation, preferably more than 10% (w/w), more preferably 20-50%
(w/w), wherein said PUFA is covalently bonded to said lipid.

2. A lipid preparation of claim 1 wherein said lipid is a naturally

occurring lipid, or a synthetic lipid.

3. A lipid preparation of claim 2, wherein said lipid is a
glycerophospholipid in which at least some of the sn-1 or sn-2 groups of
the glycerol backbone are substituted with said poly-unsaturated fatty
acid (PUFA) acyl groups.

4. A lipid preparation of any one of claims 1 to 3, wherein said lipid is

a glycerophosphlipid of formula I:

O—R
O—R'
i
O'—-}I.’“‘O——R"
IS

Formulal

wherein R” represents a moiety selected from serine (PS), choline (PC),
ethanolamine (PE), inositol (PI), glycerol (PG) and hydrogen (phosphatidic
acid - PA), and R and R', which may be identical or different,

independently represent hydrogen or an acyl group, wherein said acyl
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group is selected from saturated, mono-unsaturated or poly-unsaturated
acyl groups (PUFA), particularly long-chain poly-unsaturated fatty acids
(I.C-PUFA), more preferably omega-3 and/or omega-6 acyl groups, and
salts thereof, with the proviso that R and R' cannot simultaneously
represent hydrogen, and wherein said polyunsaturated acyl groups
comprise at least 5% (w/w) of total lipid fatty acids, preferably more than
10% (w/w), and particularly 20-50% (w/w).

5. A preparation of claim 4, wherein R represents hydrogen and R'

represents an acyl group.

6. A preparation of claim 4, wherein R' represents hydrogen and R

represents an acyl group.

7. A preparation of any one of claims 4 to 6, wherein said acyl group is
an omega-3 acyl group, preferably an eicosapentaenoyl (EPA), a

docosahexaenoyl (DHA) group, or linolenic omega-3 group.

8. A preparation of any one of claims 4 to 6, wherein said acyl group is
an omega-6 acyl group, preferably an arachidonoyl (ARA) group, or a

linoleic omega-6 group.

9. A preparation of any one of claims 4 to 6, wherein said acyl group is

a linolenoyl (18:3) group.

10. A preparation of any one of claims 4 to 9, wherein R” represents

serine, choline, ethanolamine, inositol, glycerol, and H.

11. A preparation according to any one of claims 4 to 10, wherein the

identity and content of R and R' are predetermined.
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12. A preparation of claim 10, wherein R" is serine, characterized in

that it mimics the composition of human brain PS.

13. A preparation of claim 10 or 12, wherein R" is serine, characterized
in that it is different from human brain PS and has improved bioactivity

compared to soybean-PS.

14. A PS preparation, wherein said PS is derived from any one of plant,
animal or microorganism source, said preparation being enriched with PS

of formula I, wherein R” represents a serine moiety.

15. A preparation of any one of claims 12 to 14, characterized in that it
is effective at a lower dosage compared to soybean-PS, while having

similayr and/or improved bioactivity compared to soybean-PS.

16. A preparation of any one of claims 1 to 15, wherein said omega-3 or
omega-6 is more stable than a omega-3 or omega-6 in the free fatty acid

form, bonded to a triglyceride or as an ethyl ester.

17. A preparation of any one of claims 1 to 16, characterized in having a

reduced or absent of fish-related organcleptic effects.

18. A preparation of any one of claims 1 to 17, said preparation being
enriched with PS of formula I, characterized in having a reduced or absent

of fish-related organoleptic effects.
19. A preparation of any one of claims 1 to 18, for use in the reduction

and/or prevention of serum oxidative stress leading to atherosclerosis,

cardiovascular disorders and/or coronary heaxrt disease.
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20. A preparation of any one of claims 1 to 18, for use in the
improvement and treatment of cognitive and mental conditions and
disorders as well as the maintenance of normal functions of brain-related
systems and processes, preferably ADHD, aging, Alzheimer's disease,
Parkinson's disease, multiple sclerosis (MS), dyslexia, depression, learning
capabilities, intensity of brain waves, stress, anxiety, mental and
psychiatric disorders, concentration and attention, mood, brain glucose
utilization, general cognitive and mental well being, neurological disorders

and hormonal disorders.

21. A preparation of any one of claims 1 to 18, said preparation being
enriched with PS of formula I, for use in any one of the improvement and

treatment of ADHD, and reducing ADHD symptoms in children.

22. A preparation of any one of claims 1 to 24, for enhancing the
bioavailability of polyunsaturated fatty acids, particularly omega-3 and/or

omega-6 fatty acids.

23. A preparation of any one of claims 1 to 22, for use in combined
improvement of cognitive and mental functions together with

improvement of additional health disorders ox conditions.

24. The preparation of claim 23, wherein said additional health
disorders or conditions are at least one of. high blood cholesterol levels,
high triglycerides levels, high blood fibrinogen levels, HDL/LDL ratio,
diabetes, metabolic syndrome, menopausal or post-menopausal conditions,
hormone related disorders, vision disorders, inflammatory disorders,
immune disorders, liver diseases, chronic hepatitis, steatosis, phospholipid
deficiency, lipid peroxidation, dysrhythmia of cell regeneration,
destabilization of cell membranes, coronary artery disease, high blood

pressure, cancer, hypertension, aging, kidney disease, skin diseases,
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edema, gastrointestinal diseases, peripheral vascular system diseases,

allergies, neurodegenerative and psychiatric diseases.

25. A nutraceutical composition comprising a phospholipid preparation

as claimed in any one of claims 1 to 24.

26. A nutraceutical composition of claim 25, in the form of softgel
capsules, tablets, syrups, or any other common dietary supplement

delivery system.

27. A funectional food article comprising the phospholipid preparation of

any one of claims 1 to 21.

28.  The functional food article of claim 27, selected from dairy products,
ice-creams, biscuits, soy products, bakery, pastry and bread, sauces, soups,
prepared foods, frozen foods, condiments, confectionary, oils and fats,
margarines, spreads, fillings, cereals, instant products, drinks and shakes,
infant formulas, infant foods (biscuits, mashed vegetables and fruits,

cereals), bars, snacks, candies and chocolate products.

29. A pharmaceutical composition comprising the phospholipids
preparation of any one of claims 1 to 21, and optionally at least one

pharmaceutically acceptable additive, diluent or excipient.

30. A pharmaceutical composition of claim 29, further optionally

comprising at least one pharmaceutically active agent.
31. The preparation of any one of claims 1 to 24, wherein said PUFA

has increased bioavailability to the organism when comparing to a

composition comprising PUFA alone.
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Description

[0001] The invention refers to the use of highly concentrated compositions of selected n-3 fatty acids for the treatment
of central nervous system disturbances. In particular, the invention concerns the use of a composition comprising do-
cosahexaenoic acid (DHA, C22:6 n-3) or DHA in admixture with eicosapentaencic acid EPA, C20:5 n-3) both acids
being under the form of their ethyle esters, in a high concentration, for the preparation of a drug for the prevention and/or
treatment of the disturbances of the central nervous system (CNS), both of psychiatric relevance and of neurological type.
[0002] The expression "central nervous system disturbances" is commonly meant to indicate the cluster of convulsive
symptoms usually included in the so-called epileptic syndromes, as well as to the most severe psychiatric disorders,
represented by the various schizophrenia forms, by the manic-depressive syndromes, by the severe depression, and
by the Alzheimer’s disease and the related forms of dementia.

[0003] The term epilepsy refers to disorders of brain function characterized by periodic and unpredictable occurrence
of seizures. Such seizures are constituted by transient alterations of behaviour caused by disordered, synchronous and
rhythmic firing of neuronal brain populations, not induced by evident provocation.

[0004] These seizures are thought to arise from disorders of cerebral cortex, not involving other CNS structures, and
their behavioural manifestations is determined by the functions served by the involved cortical site. For instance, a
seizure arising from the motor cortex will induce f.i. clonic jerking of the body muscles controlled by this same region of
the cortex. Epileptic seizures are defined partial, when beginning focally in a cortical site, or generalized seizures, when
involving both hemispheres. A partial seizure is defined simple, if associated with preservation of consciousness, or
complex in the opposite case, often due to impairment of the temporal lobe. A typical generalized epileptic seizure
includes absence and tonic-clonic convulsions.

[0005] Schizophrenia is caused by a chemical imbalance in the brain induced, in its turn, by triggering causes of
genetic or environmental origin (autoimmune diseases, infections during development, psychological trauma, etc.),
involving- among other effects-overproduction of dopamine. There are several categories of the disease: paranoid,
catatonic, disorganised, undifferentiated schizophrenia.

[0006] Patients start to get a great variety of symptoms,, which anyway can reveal themselves into two typical forms:
negative symptoms, such as withdrawal, apathy, depression, blunted emotions, and positive symptoms, such as hallu-
cinations, misunderstanding of reality and of perception, disordered thinking and speech. The appearance of the disease
is early, but diagnosis is complex and can take very long times.

[0007] The older drugs, typical neuroleptic drugs, essentially agents blocking cerebral dopamine, are however poorly
selective and associated with heavy side effects on dopamine-related functions, including severe extrapyramidal effects,
like unusual and involuntary body movements (dyskinesias, tardive dyskinesias), restlessness (akathesia), muscle spams
(dystonia), as well as impairment of cognition, reduced libido, etc; further, these drugs while moderately effective in
treating positive symptoms, are quite unsuccessful on negative symptoms, as depression and apathy.

[0008] The more recent drugs, so-called atypical drugs, have a broader action spectrum and less side effects, such
asthearising of involuntary movements, but are unavailable in underdeveloped countries because of their expensiveness,
and are not free anyway from other effects, even highly risky (prolongation of QTC interval of ECG, weight gain, diabetic
symptoms).

[0009] The syndromes of bipolar disturbances (manic-depressive disorders) and of severe unipolar depression (major
depression)constitute the more severe disorders of mood or affect. They usually include disordered autonomic functioning
(i.e., altered activity rhythms, sleep and appetite) and behaviour, as well as persistent abnormalities of mood and increased
risk of self- destruction or suicide.

[0010] Alzheimer’s disease, as other degenerative disease of CNS, all induced by progressive loss of neurons from
specific regions of the brain, is characterized by marked atrophy of the cerebral cortex and loss of cortical, sub-cortical
and hippocampal neurons; a parallel reduction of neurotransmitters has also been evidenced, in particular of acetylcho-
line, which has givenrise to the cholinergic hypothesis ofthe disease andledto the few drugs of some limited effectiveness.
[0011] The disease produces a progressive impairment of the cognitive abilities, which is typical - but not exclusive-
of the elder subject. The disease appears first as an impairment of short-term memory, but as the condition progresses
additional cognitive abilities are impaired, such as the ability to calculate, exercise visual-spatial skills, and use common
objects (idec-motor apraxia), and the illness reveals itself in various forms of dementia. Later on, death often comes up
from a complication of immobility, such as pneumonia.

[0012] For all mentioned pathologies, there are not valid pharmacological and clinical treatments, able to modify the
progression of the disease. In all cases only symptomatic treatments are adopted, only able to alleviate the symptoma-
tology and, if endowed with some efficacy, only effective on a very limited number of patients: for instance the standard
treatments in the depression permit to obtain until a maximum of 50% reduction of score in the evaluation scale in two
thirds of patients, while improvements in schizophrenia are obtained in the order of 20- 30%, and treatments in the
Alzheimer's disease result to be only ineffective palliatives. Some therapeutic effects of the n-3 polyunsaturated fatty
acids are already well known. For instance, IT 1,235,879, US 5,502,077 and US 5,656,667 disclose their effect on
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multiple risk factors for cardiovascular illnesses, as hypertriglyceridemia, hypercholesterolemia and hypertension.
[0013] EP-A-0409903 describes the preparation of high concentration mixtures of EPA and DHA or their esters, useful
in the treatment of hyperlipemia, thrombosis, myocardial infarct, platelet hyperaggregation and related vascular pathol-
ogies, as well as of acute and chronic inflammations, autoimmune syndromes, and in the tumour prevention. DHA, which
is contained in high concentration in the retina, is also active on the functionality of sight, on ceroidosis and on learning
and ageing processes.

[0014] WO 00/48592 discloses the use of mixtures of EPA and DHA ethyl esters for the secondary prevention of
"sudden death" in patients who have already suffered a myocardial infarct.

[0015] It also results in the scientific literature that the n-3 polyunsaturated acids, particularly DHA, are contained in
high concentration in the cerebral cortex (much less in the white matter), according to O'Brien JS and Sampson EL, J.
Lipid Res. 6, 545, 1965, in the retina (Anderson RE, Exp. Eye Res. 10, 339, 1970), in the testis and sperm (Poulos A et
al., Comp. Biochem. Physiol. 46B, 541, 1975) of all mammals, including human beings. DHA is therefore one of the
most abundant components of the brain's structural lipids, in which its presence can derive only from direct ingestion or
by synthesis from the dietary precursor, i.e. alpha-linolenic acid (ALA).

[0016] Among others, Neuringer M et al., J. Clin. Invest. 73, 272, 1984; Proc. Natl. Acad. Sci. USA 83, 4021, 1986,
suggest that n-3 fatty acids are essential for a normal prenatal and postnatal development of retina and brain.

[0017] EP-A-0347056 discloses the use of gamma-linolenic acid (GLA, C18:3 n-6) and higher n-6 acids, and of
stearidonic acid (SA, C18:4 n-3) and higher n-3 acids, for the preparation of a drug for treatment of tardive dyskinesias.
[0018] EP-A-0599576 describesthe use of acombinationof arachidonicacid (AA, C20:4 n-6) and DHA, acids belonging
to the n-6 and n-3 series respectively, to obtain a drug effective on the negative syndrome of schizophrenia, in subjects
with low levels of the two acids in the cell membranes.

[0019] US 6,331,568 discloses a method for treating schizophrenia by administration of EPA or SA, two n-3 acids,
and optionally of n-6 acids. The compositions therein disclosed show a ratio of EPA or SA to DHA of not less than 3:1,
4:1, or more.

[0020] WO 00/44 361 discloses a pharmaceutical preparation containing at least 90% or more of EPA, and less than
5% of DHA for uses similar to the ones of the documents just above discussed.

[0021] US 5,120,763 and EP 0366480 disclose a composition containing 13.0-27.5% of linolenic acid (i.e. ALA, C18:
3 n-3) and 87.0-72.5% of linoleic acid (i.e. LA, C18:2 n-6), useful in the treatment of Alzheimer’s disease and related
syndromes, while US 5,468,776 describes the same components in the more limited range of 16.7-22.2% and 83.3-77.8%
respectively.

[0022] Although it is known to a certain degree that compositions comprising peculiar combinations of n-3 and/or n-
6 fatty acids may have shown some effectiveness on pathologies such as schizophrenia or Alzheimer’s disease, a clear
indication on their activity against such pathologies cannot yet be taken from the prior art since the discussion in the
scientific community is quite controversial and still open.

[0023] Forinstance, while Mellor et al., Human Psychopharmacology, 11, 39-46, 1996 disclosed the effectiveness of
some n-3 acids, such as DHA, carrying out their experiments using a composition comprising EPA 18% and DHA 12%,
in US 6,331,568 there is pointed out that such ability has to be denied on the basis of both clinical control and for
biochemical reasons.

[0024] It has been now surprisingly found that some other peculiar compositions comprising n-3 fatty acids in very
high concentrations are effective for the prevention and/or treatment of various and severe disorders of the central
nervous system, both of neurological type and of psychiatric pertinence, as for instance epilepsy and as schizophrenia,
the manic- depressive disturbances and the major depression, as well as the degenerative neuronal disorders typical
of Alzheimer’s disease.

[0025] The invention refers to the use of a composition comprising in a concentration expressed as % by weight of
the total fatty acids weight in the composition, either

a) DHA ethyl ester >34 and EPA ethyl ester »40, wherein EPA+DHA ethyl esters >85, or

b) DHA ethyl ester >30 and EPA ethyl ester >44, wherein EPA+DHA ethyl esters >80, the ethyl esters of other (C20.
C21, C22) n-3 acids being >3, or

c) DHA ethyl ester >34 and EPA ethyl ester >40, wherein EPA+DHA ethyl esters >80. the total ethyl esters of n-3
acids being =90, or

d) DHA ethyl ester >80 and EPA ethyl ester <15, wherein EPA+DHA ethyl esters >85.

for the preparation of a drug for the prevention and/or treatment of the psychiatric disturbances of the central nervous
system (CNS) selected from schizophrenia, manic-depressive syndrome, major depression, and Alzheimer’s disease.
[0026] Among the disturbances of CNS which can be prevented and/or treated according to the invention, there are
schizophrenia (showing negative and/or positive symptoms and being either paranoid or catatonic or disorganised or
undifferentiated schizophrenia), manic-depressive syndrome, major depression (including disorders of mood, behaviour
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and autonomic functions correlated to activity, sleep and appetite), and Alzheimer’s disease (including the various related
forms of dementia).

[0027] Inapreferred embodiment, the drug suitable for the use of the invention comprises essentially DHA ethyl ester
and EPA ethyl ester.

[0028] Yet, according to another preferred embodiment, the composition can also comprise at least another n-3 and/or
n-6 polyunsaturated and/or monounsaturated and/or saturated fatty acid, in particular the composition can comprise at
least two other n-3 and/or n-6 polyunsaturated and/or monounsaturated and/or saturated fatty acids, in any ratio among
themselves; the other n-3 and/or n-6 polyunsaturated and/or monounsaturated and/or saturated fatty acids are in a
concentration of lower or equal to 30%.

[0029] Also the compositions reported in the European Pharmacopoeia 2000, Eu. Ph. 2000, having a content of not
less than 80% of the mixture of the ethyl esters of EPA and DHA (not less than 40% and 34%, respectively) and not
less than 90% total ethyl esters of n-3 polyunsaturated fatty acids, will be suitable for the use of the present invention.
[0030] Allthe above mentioned compositions, as well as the pharmaceutical preparations which can be derived there-
from, can be prepared according to methods known to the expert in the field, as f.i. those described in Patents US 5 130
061, WO 89/ 11 521, IT 1 235 879, DE 3 739 700, JP 02/ 25 447 (and others).

[0031] Commonly, the composition suitable for the use of the invention can be obtained by extraction, concentration
and purification processes starting from natural sources, typically from fish oils or other marine source as algae (for DHA
and EPA), or evenfromvegetable oils, f.i. seed oils (typically for ALA), as well as by means of semi-synthetictransformation
processes, when required.

[0032] Together with their efficacy to the aim of the pharmaceutical and therapeutic use of the invention, the above
compositions show a very high clinical tolerance, almost free from any side-effect, with exclusion of some uncommon
effect on the intestinal peristalsis, and can be obtained with low production costs from natural sources, which strongly
helps their diffusion in low economic potential countries, differently from the poor availability of some totally synthetic
drugs.

[0033] The drug suitable for the use of the invention is preferably administered by oral route, particularly in the form
of softjelly capsules; yet, the other typical administration routes, usual in the pharmaceutical technology, are not excluded.
The dose per unit includes usually 100-1000 mg of the above specified n-3 polyunsaturated fatty acids and/or derivatives
and/or precursors, preferably 300-1000 mg or better 500 mg or more often 1000 mg. The mean total dose is 0.1- 5 g
per day, even in intermittent administration, according to the need and advice of the physician, preferably 0.3-3 g per
day or particularly 1-2 g. An effective dose meanly corresponds to 2-60 mg/kg/day.

[0034] Obviously, the drug suitable for the use of the invention can be administered also under other forms appropriate
for the oral administration such as, for instance, hard oil-proof capsules or tablets wherein the fatty acids are pre-adsorbed
on solid matrices.

[0035] Itis also possible to use oily emulsions, syrups, drops, granulates in dispersing excipients, etc., as well as other
forms able to guarantee a systemic absorption by means of other administration routes, f. i. sterile emulsions or solutions
suitable for parenteral injective use, as it will be apparent to the man skilled in the art.

[0036] The drug suitable for the use of the present invention can be used alone, as a mono-therapy, or as a drug
coadjuvant or auxiliary to at least another active principle or drug effective for the prevention and/or treatment of the
disturbances of CNS, or can even be used in direct combination, including said at least another active principle or drug
endowed with an activity similar or complementary or synergic to that one of the above defined drug suitable for the use
of the invention.

[0037] Typical examples of such at least another active principle or drug to which the drug suitable for the use of the
invention can be combined or can be auxiliary or coadjuvant by coadministration, are, without any limitative meaning:

- inthe treatment of schizophrenia, drugs of the group of phenothiazines, thioxanthenes, dibenzoazepines, butyroph-
enones, indolones, phenyl- and diphenylpiperidines, etc., among them the typical neuroleptic agents as chlorpro-
mazine, thioridazine, haloperidol, sulpiride, and pimozide, and others, and the antipsychotic "atypical'agents as
clozapine, quetiapine, olanzapine, sertindole, risperidone, ziprasidone, amisulpiride and others;

- in the treatment of major depression and of manic-depressive illness, the antidepressant drugs of the group of
tricyclic norepinephrine reuptake inhibitors as amitriptyline and others, of the group of serotonin reuptake inhibitors
as fluoxetine, paroxetine, sertraline and others, of the group of monoamine oxidase (MAQ) inhibitors as phenelzine
and others, of the group of "atypical" drugs as bupropion and trazodone; the antimanic drugs as lithium salts; the
drugs acting on mood and affect disorders as many antianxiety agents, including benzodiazepines and the above
mentioned antidepressant and antimanic drugs as well as some anticonvulsants/antiepileptic drugs as car-
bamazepine and valproate,;

- inthetreatment of Alzheimer’s disease, among the few "approach" drugs, the precursors of acetylcholine, as choline
and phosphatidylcholine, and the inhibitors of catabolic enzyme (acetylcholinesterase, AChE) , as physostigmine,
tacrine, donepezil/rivastigmine and galantamine, as well as memantine, more recently adopted and endowed with
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a different mechanism of action.

[0038] The composition suitable for the use of the invention can also comprise a pharmaceutically acceptable diluent,
and/or a vehicle, and/or a binder, and/or thickener, and/or a surfactant, as well as a lubricant, aromatizer, colorant,
sweetener, stabilizer and the like, as it will be apparent to the man skilled in the art. Among the stabilizer agents,
antioxidants, particularly tocopherol (vitamin E) and the like, as well as ascorbyl palmitate, hydroxytoluene, butylhydroxy-
anisole and the like known in the art, are particularly preferred.

[0039] As already illustrated above, the drug comprising either a) or b) or ¢) or d) as above defined can be administered
according to the invention either as a single drug or in fixed pharmaceutical combination with other known drugs already
known to be used in the same pathologies, or even as substances coadjuvant to said known drugs, under separated
administration. According to another aspect, the invention relates to a method for prevention and/or treatment of CNS
disturbances, as aboveillustrated, in amammal in need thereof comprising administering to the mammal a therapeutically
effective dose, preferably ranging from about 2 to 60 mg/kg of the mammal body weight per day, of a drug as above
described.

[0040] The following examples illustrate the invention without limiting it.

EXAMPLE 1

[0041] A few compositions of the invention are illustrated in the following Table and can be prepared according to the
methods described in US 5130061 (compositions A, C, D, E), IT 1235879 (composition B), WO 89/11521 (compositions
F, H, 1) and DE 3739700 (composition G), and are anyway easily available even using other preparative methods (JP
02/ 25447 and several others).

[0042] The quantities indicated in the Table express percentages by weight on the total weight of fatty acids. Other
n-3 acids, as well as n-6 unsaturated acids, having different length and/or unsaturation degree, monounsaturated and
saturated, can be present in limited quantities. Antioxidant: alpha-tocopherol (mean< 0.3%; even much higher concen-
trations can be used).

ANy B1) |C1)y|D1)| E1)y| F1) | G1) | H2) | I3)
EPA >40 | >44 | >40 | >35 | 30 | <15 >40 | >50
DHA >34 | =30 | >34 [ >30 | »35 | >80 >30 | =30
EPA + DHA >85 | >80 >80 | =70 | »70 | >85 >80 | >80
Esters 4) >3
Total n-3 esters 5) >90
ALA >70
1) ethyl esters; 2) free acids; 3) sodium salts; 4) ethyl esters of other (C20, C21, C22)
n-3 acids; 5) total ethyl esters of n-3 acids.

EXAMPLE 2

[0043] The compositions of the following Table, relative to soft gelatin capsules containing 1 g ethyl esters of polyun-
saturated fatty acid, were prepared by methods known in the art.

A (mg) B (mg) C (mg)

EPA 1) 525 >400
DHA 1) 315 =340
EPA + DHA 1) 850 >800
Total n-3 1) >900

d-tocopherol 4 Units 4 Units

d,|-tocopherol 0.3

Gelatine 246 246

5 RIMFROST EXHIBIT 1024 page 2781



10

15

20

25

30

35

40

45

50

55

EP 1706 106 B1

(continued)

A (mg) B (mg) C (mg)
Gelatine succinate 233
Glycerol 118 67 118
RIO 2.27 2.27
YIO 1.27 1.27
SHB + SPHB 1.09 + 0.54

1) ethyl esters; RIO: red iron oxide; YIO: yellow iron
oxide; SHB: sodium p.hydroxybenzoate; SPHB:
sodium propyl p.hydroxybenzoate.

EXAMPLES 3-6: pharmacological activity

[0044] The effectiveness of the composition suitable for the use of the invention in the prevention and/or treatment of
CNS disturbances as those above described, as well as of the possibility of their pharmaceutical and clinical use, has
been demonstrated following several pharmacological tests which permitted a wide testing on small size animals (mice,
rats), without the ethical implications proper of testing in humans.

[0045] A first model of experiment evaluated the protection against epileptic seizures induced by direct application of
iron chloride to cerebral cortex; a second model examined the protective effect against a known convulsant chemical
agent (pentylenetetrazol); a third model verified the effect on the induction of epileptic seizures provoked by repeated
sub-convulsive dose administration of the same chemical agent and a fourth experimental model evaluated the effect
protective on the anomalous behaviour induced, in the form of irregular jumping, by the administration of dizocilpine, an
analogue of phencyclidine which binds similarly to N-methyl-D-aspartate (NMDA) receptors provoking its hypo-function
and inducing schizophreniform psychosis.

[0046] In some of such tests, attention has been particularly addressed to detect any activity strengthening or coad-
juvant to that of other known drugs.

[0047] Male Sprague-Dawley albino rats, about two months of age and 200-240-g weight, were used in the experiments
of Examples 3-5. The animals were housed at an average temperature of about 22°C and an average relative humidity
of 40-50%, with artificial daily light cycles of 12 hours. In example 6, male Swiss mice weighing 22-30 g, housed in similar
room conditions, were used.

EXAMPLE 3 (not encompassed by the scope of the claims)

[0048] Two groups of 15 rats were treated for 2 weeks by intraperitoneal (i.p.) route with 50 mg/kg of composition B
(Example 1) containing >80% EPA and DHA ethyl esters (group 1) and with saline solution (group 2, control), respectively.
At the end, all rats received a dose of 5 microlitres of 100 mM solution of FeClj, directly injected through unilateral left-
side cannula into the anterior amygdala area. The administration of FeCl; into the cerebral cortex or amygdala-hippoc-
ampus complex is able to induce an epileptic focus, according to Willmore L.J., Science, 200, 1501, 1978. By prolonged
direct monitoring, the number of animals protected or subject to major motor epileptic seizures are determined, as
evidenced by tonic- clonic contractions of the limbs, trunk and head, lack of straightening reflex, saliva and blooddischarge
from the mouth.

[0049] Results: animals responding with seizures:

3/15 (group 1, treated)
14/15 (group 2, control)

EXAMPLE 4 (not encompassed by the scope of the claims)

[0050] In a preliminary experiment, the dose effective on 50% of study strain rats of a known epileptogenic agent
(pentylenetetrazol) injected by intraperitoneal route, has been determined, obtaining an ED50 value of approximately
70-75 mg/kg i.p.

[0051] Four groups of 10 rats each were treated daily for 2 weeks, by i.p. route, with 50 mg/kg of a composition of n-
3 fatty acids having >85% of EPA and DHA ethyl esters according to Example 1, composition A (group 1), with 5 mg/kg
of a known antiepileptic drug represented by clonazepam (group 2), with the same doses in combination (group 3) and
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with saline solution (group 4, control). At the end, all the groups were treated with 100 mg/kg i.p. of pentylenetetrazol,
and the animals underwent the following control exams:

1) length of latency period to the first major motor seizures (tonic- clonic contractions of the limbs, trunk and head;
falling; saliva and blood discharge from the mouth); 2) number of rats responding with major motor seizures (or
protected from seizure); 3) mean duration of the major motor seizure (MMS); 4) number of rats presenting minor
clonic contractions (MCC), such as a sudden flexion of the forelegs or extension of the rear legs; 5) number of rats
who died within 20 minutes or 5 hours after pentylenetetrazol injection.

[0052] The obtained results (mean = standard deviation) are reported in the following Table:

Treatment Latency to Duration of Rats with MMS Rats with MCC .
. . Dead animals
groups seizures (sec.) seizures (sec) (n/tot) (n/tot)

<20’ <5 h

1) (n-3) 184 = 23 22+9 1/10 2/10 1/10 3/10

2) (clonazepam) 203 = 12 25+ 6 1/10 3/10 2/10 4/10

3) (n-3+ 265 = 15 157 0/10 1/10 0/10 2/10
clonazepam)

4) (control) 12+4 786 = 34 9/10 1/10 10/10 | 0/10

[0053] It appears from such data that the pre-treatment with the composition of EPA and DHA ethyl esters is able to
significantly protect the rats (about 90%) from major motor seizures induced by the administration of pentylenetetrazol.
In the few animals not protected, the seizure is anyway delayed in the time and its duration is noticeably lower. Also a
strong reduction of mortality during the convulsive period is noticed, with partial protection even during the post-ictal
period. The effectivenss of the composition is at least similar to that of a reference drug and is noticeably potentiated if
administered in combination.

EXAMPLE 5 (not encompassed by the scope of the claims)

[0054] Two groups of 10 rats each were daily treated for 2 weeks, by i.p. route, with 50 mg/kg of a composition >80%
of EPA and DHA ethyl esters, according to Example 1, composition C (group 1), and with saline solution (group 2,
control). At the end all the animals were administered at 15 min. intervals a series of sub-convulsive doses of penty-
lenetetrazol (15 mg/kg, i.p.), so determining the humber of injections required to produce an attack of clonic or tonic-
clonic convulsions of forelegs and hind legs, followed by loss of straightening reflex.

[0055] Results: number of sub-convulsive doses for induction of seizure (mean = standard deviation):

16.35 = 3.20 (group 1, treated)
3.26 = 1.54 (group 2, control).

EXAMPLE 6

[0056] Two groups of 12 mice each were treated daily for 2 weeks, by i.p. route, with 50 mg/kg of a composition >80%
of EPA and DHA ethyl esters according to Example 1, composition B (group 1), and with saline solution (group 2). At
the end all the animals received by i.p. route 1 mg/kg of dizocilpine, an analogue of phencyclidine able to bind the N-
methyl-D-aspartate (NMDA) receptors, inducing its hypofunction and subsequent schizophreniform psychosis. The be-
haviour induced in the mouse consists in eliciting irregular and intense jumping (so-called popping), and its attenuation
represents a valid experimental model to identify substances able to counteract the pathophysiology of schizophrenia
(Deutsch S.1. et al., Neuropsychopharmacology, 15, 37, 1996; ibidem, 15,329,1996). The administration of dizocilpine
was followed by monitoring for 30 minutes, and during the period the popping behaviour, i.e. the number of jumping of
treated and control animals was registered by a suitable equipment.

[0057] Results: number of induced jumps:

45 + 12 (group 1, treated)
338 =55 (group 2, positive control).
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Claims

1.

Use of a composition comprising in a concentration expressed as % by weight of the total fatty acids weight in the
composition, either

a) DHA ethyl ester >34 and EPA ethyl ester >40, wherein EPA+DHA ethyl esters >85, or

b) DHA ethyl ester =30 and EPA ethyl ester >44, wherein EPA+DHA ethyl esters >80, the ethyl esters of other
(C20, C21, C22) n-3 acids being >3, or

c) DHA ethyl ester >34 and EPA ethyl ester >40, wherein EPA+DHA ethyl esters >80, the total ethyl esters of
n-3 acids being >90, or

d) DHA ethyl ester >80 and EPA ethyl ester <15, wherein EPA+DHA ethyl esters >85,

for the preparation of a drug for the prevention and/or treatment of the psychiatric disturbances of the central nervous
system (CNS) selected from schizophrenia, manic-depressive syndrome, major depression, and Alzheimer's dis-
ease.

2. Use according to claim 1, wherein schizophrenia shows negative and/or positive symptoms.

3. Use according to claim 1 or 2, wherein schizophrenia is paranoid, catatonic, disorganised or undifferentiated schiz-
ophrenia.

4. Use according to claim 1, wherein the manic-depressive syndrome and major depression include disorders of mood,
behaviour and autonomic functions correlated to activity, sleep and appetite.

5. Use according to claim 1, wherein the Alzheimer’'s disease includes the various related forms of dementia.

6. Use according to any of the previous claims, wherein the composition comprises at least another n-3 and/or n-6
polyunsaturated and/or monounsaturated and/or saturated fatty acid.

7. Use according to the previous claim, wherein the composition comprises at least two 5 other n-3 and/or n-6 poly-
unsaturated and/or monounsaturated and/or saturated fatty acids, in any ratio among themselves.

8. Use according to any of the previous claims, wherein the drug is administered by oral route.

9. Use according to any of the previous claims, wherein the drug is in the form of soft gelatine capsules.

10. Use according to any of the previous claims, wherein the drug is administered at the dose of 0.1-5 g/day.

11. Use according to any of the previous claims, wherein the drug is administered at the dose of 0.3-3 g/day.

12. Use according to any of the previous claims, wherein the drug is administered at the dose of 1-2 g/day.

13. Use according to any of the previous claims, wherein the drug is administered separately, as a coadjuvant or an
auxiliary drug, from at least another drug effective for the prevention and/or treatment of the psychiatric disturbances
of CNS.

14. Use according to any of the previous claims, wherein the drug comprises at least another drug effective for the
prevention and/or treatment of the psychiatric disturbances of CNS.

Patentanspriiche

1.

Verwendung einer Zusammensetzung, umfassend in einer Konzentration, ausgedrlckt als Gewichtsprozent des
Gesamtgewichts von Fettsaureethylestern in der Zusammensetzung entweder

a) DHA-ethylester >34 und EPA-ethylester >40, wobei EPA+DHA-ethylester >85, oder
b) DHA-ethylester >30 und EPA-ethylester >44, wobei EPA+DHA-ethylester >80, die Ethylester anderer (C20,
C21, C22)-(n-3)-Sauren >3 sind, oder
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c) DHA-ethylester >34 und EPA-ethylester >40, wobei EPA+DHA-ethylester >80, die Gesamtethylester von (n-
3)-Sauren >90 sind, oder
d) DHA-ethylester >80 und EPA-ethylester <15, wobei EPA+DHA-ethylester >85,

zur Herstellung eines Wirkstoffs zur Pravention und/oder Behandlung der psychiatrischen Stérungen des zentralen
Nervensystems (ZNS), ausgewahlt aus Schizophrenie, manischdepressivem Syndrom, typischer Depression und
Alzheimerscher Krankheit.

Verwendung gemaB Anspruch 1, wobei die Schizophrenie negative und/oder positive Symptome zeigt.

Verwendung gemanB Anspruch 1 oder 2, wobei die Schizophrenie paranoide, katatonische, hebephrene oder un-
differenzierte Schizophrenie ist.

Verwendung geman Anspruch 1, wobei das manisch-depressive Syndrom und die typische Depression Stérungen
von Gemut, Verhalten und autonomen Funktionen, die mit Aktivitat, Schlaf und Appetit Korreliert sind, einschlieBen.

Verwendung geman Anspruch 1, wobei die Alzheimersche Krankheit die verschiedenen damit in Bezug stehenden
Formen von Demenz einschlieBt.

Verwendung gemaB einem der vorhergehenden Ansprliche, wobei die Zusammensetzung mindestens eine andere
(n-3)- und/oder (n-6)-polyungesattigte und/oder -monoungesattigte und/oder gesattigte Fettsdure umfasst.

Verwendung gemanB dem vorhergehenden Anspruch, wobei die Zusammensetzung mindestens zwei andere (n-3)-
und/oder (n-6)-polyungeséattigte und/oder -monoungesattigte und/oder gesattigte Fettsauren in einem beliebigen
Verhaltnis untereinander umfasst.

Verwendung geman einem der vorherigen Anspriche, wobei der Wirkstoff auf dem oralen Weg verabreicht wird.

Verwendung geméan einemder vorherigen Ansprlche, wobei der Wirkstoff in Form weicher Gelatinekapseln vorliegt.

Verwendung gemaB einem der vorherigen Anspriche, wobei der Wirkstoff in einer Dosis von 0,1 bis 5 g/Tag
verabreicht wird.

Verwendung geméaB einem der vorherigen Anspriche, wobei der Wirkstoff in einer Dosis von 0,3 bis 3 g/Tag
verabreicht wird.

Verwendung geman einemder vorherigen Anspriche, wobeider Wirkstoff in einer Dosis von 1 bis 2 g/Tag verabreicht
wird.

Verwendung geman einem der vorherigen Anspriche, wobei der Wirkstoff separat, als ein Coadjuvans oder ein
Hilfswirkstoff, von mindestens einem anderen Wirkstoff verabreicht wird, der flr die Pravention und/oder Behandlung
der psychiatrischen Stérungen des ZNS wirksam ist.

Verwendung gemaB einem der vorherigen Anspriche, wobei der Wirkstoff mindestens einen anderen Wirkstoff
umfasst, der flr die Pravention und/oder Behandlung der psychiatrischen Stérung des ZNS wirksam ist.

Revendications

1.

Utilisation d'une composition comprenant, a une concentration exprimée en pourcentage du poids total des esters
éthyliques d'acides gras présents dans la composition,

a) soit >34% d’ester éthylique de DHA et >40% d’ester éthylique d’EPA, la somme des esters éthyliques d’'EPA
+ DHA étant supérieure a 85%,

b) soit >30% d’ester éthylique de DHA et >44% d’ester éthylique d’'EPA, la somme des esters éthyliques d'EPA
+ DHA étant supérieure a 80% et la teneur en esters éthyliques d'autres acides n-3 (en C20, C21, C22) étant
supérieure a 3%,

c) soit >34% d’ester éthylique de DHA et >40% d’ester éthylique d’'EPA, la somme des esters éthyliques d'EPA
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+ DHA étant supérieure 4 80% et la teneur totale en esters éthyliques d’'acides n-3 étant supérieure a 90%,
d) soit >80% d’'ester éthylique de DHA et <15% d’ester éthylique d'EPA, la somme des esters éthyliques d’'EPA
+ DHA étant supérieure a 85%,

pour préparer un médicament destiné a la prévention et/ou au traitement de troubles psychiatriques du systéme
nerveux central (SNC) choisis parmi la schizophrénie, le syndrome maniaco-dépressif, la dépression majeure et la
maladie d’'Alzheimer.

Utilisation selon la revendication 1, dans laquelle la schizophrénie présente des symptémes négatifs et/ou positifs.

Utilisation selon la revendication 1 ou la revendication 2, dans laquelle la schizophrénie est la schizophrénie para-
noide, catatonique, désorganisée ou indifférenciée.

Utilisation selon la revendication 1, dans laquelle le syndrome maniaco-dépressif et la dépression majeure com-
prennent des troubles de I’humeur, du comportement et des fonctions autonomes corrélés avec 'activité, le sommeil
et I'appétit.

Utilisation selon la revendication 1, dans laquelle la maladie d'Alzheimer comprend les diverses formes de démence
apparentées.

Utilisation selon I'une quelconque des revendications précédentes, dans laquelle la composition comprend au moins
un autre acide gras n-3 et/ou n-6 polyinsaturé et/ou monoinsaturé et/ou saturé.

Utilisation selon I'une quelconque des revendications précédentes, dans laquelle la composition comprend au moins
deux autres acides gras n-3 et/ou n-6 polyinsaturés et/ou monoinsaturés et/ou saturés selon un ratio entre eux
quelconque.

Utilisation selon I'une quelconque des revendications précédentes, dans laquelle le médicament est administré par
voie orale.

Utilisation selon I'une quelconque des revendications précédentes, dans laquelle le médicament se présente sous
la forme de gélules en gélatine molle.

V%

Utilisation selon 'une quelconque des revendications précédentes, dans laquelle le médicament est administré
la dose de 0,1 a 5 g/jour.

[V

Utilisation selon I'une quelconque des revendications précédentes, dans laquelle le médicament est administré
la dose de 0,3 & 3 g/jour.

Utilisation selon I'une quelconque des revendications précédentes, dans laquelle le médicament est administré a
la dose de 1 a 2 g/jour.

Utilisation selon l'une quelconque des revendications précédentes, dans laquelle le médicament est administré
séparément, en tant que coadjuvant ou en tant que médicament auxiliaire, d'au moins un autre médicament efficace
pour la prévention et/ou le traitement des troubles psychiatriques du SNC.

Utilisation selon 'une quelconque des revendications précédentes, dans laquelle le médicament comprend au moins
un autre médicament efficace pour la prévention et/ou le traitement des troubles psychiatriques du SNC.
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USE OF HIGHLY CONCENTRATED COll\/IPOSITIONS OF SELECTED n-3 FATTY
ACIDS FOR THE -TREATMENT OF CENTRAL NERVOUS SYSTEM
DISTURBANCES
gk sk ko osk ok ok

The invention refers to the use of highly concentrated compositions of selected n-3 fatty
acids for the treatment of central nervous system disturbances. In particular, the invention
concerns the use of a composition comprising either alpha-linolenic acid (ALA, C18:3 n-3)
or docosahexaenoic acid (DHA, C22:6 n-3) or DHA in admixture with eicosapentaenoic
acid (EPA, C20:5 n-3) and/or the pharmaceutically acceptable derivatives and/or precursors
thereof, in a high concentration, for the preparation of a drug for the prevention and/or
treatment of the disturbances of the central nervous system (CNS), both of psychiatric
relevance and of neurological type.

The expression “central nervous system disturbances” is commonly meant to indicate the

- cluster of convulsive symptoms usually included in the so-called epileptic syndromes, as

well as to the most severe psychiatric disorders, represented by the various schizophrenia
forms, by the manic-depressive syndromes, by the severe depression, and by the
Alzheimer’s disease and the related forms of dementia.

The term epilepsy refers to disorders of brain function characterized by periodic and
unpredictable occurrence of seizures. Such seizures are constituted by transient alterations
of behaviour caused by disordered, synchronous and rhythmic firing of neuronal brain
populations, not induced by evident provocation.

These seizures are thought to arise from disorders of cerebral cortex, not involving other
CNS structures, and their behavioural manifestations is determined by the functions served
by the involved cortical site. For instance, a seizure arising from the motor cortex will
induce f.i. clonic jerking of the body muscles controlled by this same region of the cortex.
Epileptic seizures are defined partial, when beginning focally in a cortical site, or
generalized seizures, when involving both hemispheres. A partial seizure is defined simple,
if associated with preservation of consciousness, or complex in the opposite case, often due
to impairment of the temporal lobe. A typical gencralized epileptic seizure includes absence
and tonic-clonic convulsions.

Schizophrenia is caused by a chemical imbalance in the brain induced, in its turn, by
triggering causes of genetic or environmental origin (autoimmune diseases, infections
during development, psychological trauma, etc.), involving- among other effects-
overproduction of dopamine. There are several categories of the disease: paranoid,

catatonic, disorganised, undifferentiated schizophrenia.
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Patients start to get a great variety of symptoms,, which anyway can reveal themselves into

two typical forms: negative symptoms, such as withdrawal, apathy, depression, blunted
emotions, and positive symptoms, such as hallucinations, misunderstanding of reality and
of perception, disordered thinking and speech. The appearance of the disease is early, but
diagnosis is complex and can take very long times.

The older drugs, typical neuroleptic drugs, essentially agents blocking cerebral dopamine,
are however poorly selective and associated with heavy side effects on dopamine-related
functions, including severe extrapyramidal effects, like unusual and involuntary body
movements (dyskinesias, tardive dyskinesias), restlessness (akathesia), muscle spams
(dystonia), as well as impairment of cognition, reduced libido, etc; further, these drugs
while moderately effective in treating positive symptoms, are quite unsuccessful on
negative symptoms, as depression and apathy.

The more recent drugs, so-called atypical drugs, have a broader action spectrum and less
side effects, such as the arising of involuntary movements, but are unavailable in under-
developed countries because of their expensiveness, and are not free anyway from other
effects, even highly risky (prolongation of QTC interval of ECG, weight gain, diabetic
symptoms).

The syndromes of bipolar disturbances (manic-depressive disorders) and of severe unipolar
depression (major depression) constitute the more severe disorders of mood or affect. They
usually include disordered autonomic functioning (i.e., altered activity rhythms, sleep and
appetite)