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DESCRIPTION

Description

Field of Application

[0001] The present invention relates to the technical field of the pharmaceutical industry or
food supplement industry.

[0002] In particular, the invention relates to a pharmaceutical or food supplement preparation
containing alpha-lactalbumin and at least one short-chain fatty acid.

Prior art

[0003] Recently, alpha-lactalbumin has been proposed as food supplement mainly because of
its brain serotonergic action.

[0004] Italian Patent Application N. GE2006A000013 on behalf of the Applicant relates indeed
to the use of alpha-lactalbumin in the treatment of neurological and neuropsychiatric disorders,
such as Parkinson's disease, depressive disorders and epilepsy and European Patent N. EP 2
218 462 B1 relates to a pharmaceutical preparation comprising a SSRI or a SSNRI and alpha-
lactalbumin for the treatment of depressive disorders.

ROLE OF SEROTONIN

[0005] Serotonin is a tryptamine, synthesized from the essential amino acid tryptophan, mostly
produced by enterochromaffin cells in the gastrointestinal tract, where it takes part to several
biological functions, and by the serotonergic neurons of the central nervous system.

[0006] At peripheral level, it plays several control functions. In the gastrointestinal tract it
controls peristalsis, fluids secretion, it controls nausea and vomiting. It has vasoconstrictive
action on blood vessels, even the intracranial ones, whose dilation contributes to migraine. It
controls platelets aggregation, repairing processes and homeostasis processes [1, 2],
regeneration processes of liver [3], heart [4], and it controls the thermogenesis.

[0007] In the central nervous system too, serotonin plays several functions, which comprise
regulation of mood, sleep, body temperature, sexuality, empathy, cognitive functions, creativity
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and appetite.

[0008] It is thought that pathological alterations in functionality of serotonin circuitry are
involved in several neurological and neuropsychiatric disorders such as migraine, obsessive-
compulsive disorder, depression, schizophrenia, anxiety, mood disorders of any kind, food
disorders (emotional eating and bulimia), male premature ejaculation and fibromyalgia.

[0009] Serotonin is thus central in the mechanism of action of several psychotropic drugs,
especially antidepressants (such as for example the antidepressants SSRIs as Dropaxin,
Prozac and Zoloft, tricyclic antidepressants and monoamine-oxidase inhibitors) and
antipsychotics.

[0010] Recent studies reconsidered the role of serotonin in epilepsy [5, 6], turning it from
proconvulsant into anticonvulsant [7, 8, 9]. It seems that the serotonergic and noradrenergic
system is the linking element between both the physiopathogenetic mechanisms of depression
and of epilepsy [10, 11], and between the mechanisms of action of antidepressant drugs and
antiepileptic drugs [12], thus reconfirming the role of these two neurotransmitters in the
pathogenesis of depression, as it was suggested by the first studies on the concentration of
their catabolites in urine and/or cerebrospinal fluid. A potentiation of serotonin would thus
facilitate, at a brain level, controlling epileptic seizures [13], and other functions which are
controlled by serotonin, and similarly for those controlled at peripheral level.

TRYPTOPHAN AS SEROTONIN PRECURSOR

[0011] At both the peripheral level and in the central nervous system, serotonin is synthesized
from the essential amino acid Tryptophan, since plasma serotonin is not able to overcome the
blood-brain barrier, while Tryptophan is able to pass through the blood-brain barrier thanks to
an active transporter which is shared with all the "Large Neutral Amino Acids" (LNAAs) to which
tryptophan belongs. This competition for cerebral uptake results in the rate of synthesis of
brain serotonin, which depends on the amount of Tryptophan uptake, being influenced by the
plasma ratio between this amino acid and the sum of all its competitors (Trp/LNAAs) [14]. On
this base, a reduction by one third of the rate of synthesis of brain serotonin compared to
healthy controls was assessed from the measurements of the plasma Trp/LNAAs ratios in a
group of epileptic patients. (15).

HOW TO INCREASE TRP AND THEREFORE SEROTONIN

[0012] Oral administration of tryptophan does not result in a plasmatic increase of the
Trp/LNAAs ratio, given the low bioavailability of the single amino acids. The plasmatic essential
amino acids only derive from the demolition of dietary protein [16].
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[0013] Among all proteins, whey proteins are the ones able to provide a higher increase of
plasma levels of amino acids because, since they do not precipitate in the acidic environment
of the stomach, they are demolished into peptides, which easily pass through the intestinal
membrane. Then, the demolition into single amino acids continues in the blood. Due to the
high speed of their digestive process, they are referred to as "fast-protein”. The other proteins,
instead, precipitate into the stomach and the enzymes take from the precipitate primarily
single, scarcely bioavailable amino acids, [17]. The bioavailability of alpha-lactalbumin is
maximal (=1). In particular, alpha-lactalbumin is demolished into medium-small peptides in the
stomach after only 15 minutes from oral administration, and such peptides then enter into the
small intestine.

[0014] The best way to increase the plasma Trp/LNAAs ratio seems to be to take a whey
protein which is rich in Trp and poor in its competitor LNAAs.

[0015] On these bases alpha-lactalbumin was selected as serotonergic agent, since it is "rich"
in tryptophan and poor in its competitors for cerebral uptake, the LNAAs, (18).

UNEXPECTED FINDING: PLASMA TRP/LNNA PROFILE

[0016] Contrary to the expectations (resulting from the hypothesis of an increase of TRP
consequent to its release from alpha-lactalbumin), the results obtained in both experimental
and clinical studies show that the increase of plasma tryptophan/LNAAs ratio is not due to
tryptophan deriving from the demolition of alpha-lactalbumin. In fact, given the fast absorption,
a fast plasmatic peak of amino acids constituting alpha-lactalbumin, with a fast return to basal
values within about 20-30 minutes from the administration should be observed.

[0017] Instead, studies in which alpha-lactalbumin administrations were repeated for several
days show that the plasma Trp/LNAAs ratio continues to increase over the time, tending to an
asymptotic value between 0.22-0.23. [19]

[0018] Similar results have been obtained by the Applicant on experimental models of epilepsy
[20]. Fig. 1, attached, shows in a plot the time course of the plasma Trp/LNAAs ratio after
several consecutive days of oral administration of alpha-lactalbumin; N=7 in each group, data
expressed as meantSEM.

[0019] The time course of the plasma Trp/LNAAs ratio observed is representative of specific
actions of alpha-lactalbumin in the whole digestive system, suitable to reduce an intestinal
dysbiosis, which is responsible for excessive decarboxylation of tryptophan into indole and
skatole, and therefore to increase the capability to obtain tryptophan from dietary proteins.

[0020] Also the results obtained both in experimental models and in clinical trials confirm the
need of repeated administrations for several days. In different experimental models of epilepsy
the protective action against seizures was observed to occur after at least 6 days of repeated
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administrations, and not to increase when continuing administrations (up to 12 days).
Moreover, it does not seem to depend on the administered dose. Fig. 2 shows indeed the time
courses of the protection against audiogenic seizures in genetically epilepsy-prone-9 rats
(GEPRs: n=5 animals for group of dose and time); (A) results after 5 consecutive days of
treatment; (B) results after 12 consecutive days of treatment. The diagram shows medians %
the interquartile range for each group.

[0021] Moreover, after three weeks of treatment, the protective effect against seizures, which
are induced by means of acoustic stimulation in audiogenic mice, continues for at least one
month from the suspension of treatment, confirming that the specific actions produce
modifications which are stable over time and independent of the administration. (21)

[0022] In humans too it is observed that consecutive administrations are required to obtain the
clinical effect, which suggests that the clinical results are due to intestinal specific actions of
alpha-lactalbumin apt to reduce dysbiosis and inflammation and not just to a tryptophan
release.

INTESTINAL ACTIONS OF ALPHA-LACTALBUMIN

[0023] On the other side, alpha-lactalbumin is much expressed in colostrum of humans, and
only of humans, where it plays specific actions on the digestive system, apt to activate it with
the first breastfeeding.

[0024] In the literature it is reported that alpha-lactalbumin enhances all gastric processes: it
increases prostaglandins, mucus and mucin secretion, gastric emptying [22] and secretion of
bicarbonate and acid from proton pumps, thereby restoring a correct intestinal pH, on which a
correct symbiosis of the microbiota depends.

[0025] The intestinal prebiotic actions are highlighted by the capability to protect the digestive
system from ulcers induced by stress or alcohol: after an administration of an alpha-
lactalbumin dose, a same amount of ingested alcohol does not produce gastric ulcers anymore
[23].

[0026] Alpha-lactalbumin also restores a correct inflammatory response [24], reduces intestinal
membrane permeability and has an intestinal antibacterical action [25].

[0027] As a whole, all these actions contribute to reduce an intestinal dysbiosis, responsible for
an excessive demolition (decarboxylation) of tryptophan into indole and skatole. In fact,
administering proteins rich in tryptophan, such as Griffonia or Hypericum perforatum, in
subjects affected by intestinal dysbiosis, results in an increase of urinary levels of indole and
skatole, not of plasma tryptophan. (26)

[0028] The Applicant has instead surprisingly found, by measuring the urinary levels of indole
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and skatole, a progressive reduction of said levels during a chronic treatment with alpha-
lactalbumin.

EVIDENCE OF THE ROLE OF PEPTIDES DERIVING FROM THE DIGESTION OF ALPHA-
LACTALBUMIN

[0029] From these observations it appears clear that the specific actions of alpha-lactalbumin
on the whole digestive tract are not produced by the whey protein as such, but by its peptide
fractions deriving from its rapid demolition in the stomach. As a further evidence of this, it is to
be noted that, when alpha-lactalbumin is ingested with colostrum, the newborn produces
specific salivary enzymes to digest it, since his/her stomach is still not able to do it. The
digestive system has indeed formed during intrauterine life, but has never worked before the
first breastfeeding. Salivary digestion of alpha-lactalbumin produces the specific peptides which
have the task to activate the digestive system of humans, and only of humans, stimulating the
production of all what is necessary to process the food and to protect the digestive tract
tissues. Once the digestive system has been activated, the newborn stops producing the
salivary specific enzymes and the digestive function is transferred to the stomach, which
gradually learns how to process other, more complex food during weaning.

[0030] From this results that the oral administration of alpha-lactalbumin in a weak digestive
system, with a reduced demolition capability, may cause the formation of peptide fractions
other than the functional ones, and that the correct peptide fractions may not produce
appropriate responses if the cells of the digestive system are hyporesponsive, since
malnourished. Also an intestinal inflammation, especially a chronic, low-level inflammation, also
due to a weakness of the digestive system in dealing with complex food, reduces the possibility
to correctly demolish alpha-lactalbumin and, thus, to obtain from it the correct peptides with
specific actions onto the digestive system of humans. Moreover, the inflammation is associated
and/or lead to intestinal dysbiosis, being inflammation and dysbiosis two sides of the same
coin.

OBSERVED LIMITATIONS: ALPHA-LACTALBUMIN DOES NOT OPERATE IN WEAK
DIGESTIVE SYSTEMS

[0031] The experience of the Applicant about the use of alpha-lactalbumin as food supplement
showed that it surprisingly has difficulty to operate in subjects with a really weak digestive
system, for example because its cells are malnourished. Said observation was evident
especially in subjects who had experienced for a long period deprivation diets, often exactly
induced by the inability to process complex food. This kind of diets weakens the digestive
system, which becomes weaker and weaker in processing food and thus results in a
progressive increase of the kinds of non-tolerated food.
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[0032] The continuous increase of the incidence of disorders like allergies, food intolerances
and autoimmune disorders shows a scenario of digestive systems which are weaker and
weaker in relation to food made more and more aggressive also because of treatments with
ionizing radiation. At the same time, wrong dietary recommendations, not supported by
scientific evidence, contributed to weaken the digestive system of humans.

[0033] The only way to infer which is the correct diet for humans is to know the physiology of
the digestive system, to compare it with the ones of other mammalians and to take into
account the large modifications it has experienced during the evolutionary process.

[0034] Thanks to the recent findings about the microbial world, which co-exists in the human
body, we have understood that the primary task of the digestive system is to maintain a
comfortable environment for anaerobic bacteria living in the colon, not to feed us. It is obvious
that, to operate correctly, its cells have to be fed. The only feeding for the cells of all digestive
systems are Short Chain Fatty Acids (SCFAs), which are obtained in a different way, according
to the different food preferences, from different digestive machinery in the different
mammalians.

[0035] Since humans descend from apes, their digestive system was similar to the one of
frugivores, consisting of a small stomach which constitutes 15% of the system and a long
colon, which constitutes 60% of the system. In fact, frugivore animals eat fibers and, among
them, the indigestible fibers reach the colon, where they are fermented by the bacteria living
therein and transformed into SCFAs. Rodents obtain the precious SCFAs from fermentation of
cellulose in the cecum, which is greatly developed in their digestive system, while in humans it
is atrophied (appendix). Predatory carnivores, who preferably eat entrails of the killed animal
which contain a 60% saturated fats, directly obtain SCFAs by cutting the fats by means of a
strong lipase and of a large stomach, which constitutes 70% of their digestive system, while
their colon is only 10% of the digestive system. Necrophagous carnivores eat low-fat meat, but
only after it has been strongly decomposed/digested by environmental bacteria. Humans, who
were initially frugivores, have learnt over the course of their evolution to obtain SCFAs also
from saturated fats, especially from meat saturated fats, besides from fibers. The introduction
of more aggressive food (not only meat) compared to that for which the digestive system of
humans was designed, caused a reduction of the intestine to reduce the time of contact
between said food and the intestine itself. More energy is therefore available for the brain,
which has thus grown in size, developing from Neanderthal to Sapiens Sapiens. The colon has
reduced to a 15% of the digestive system compared to the initial 60%. The stomach remained
15% of the digestive system also after introducing meat, while the small intestine has extended
to give to a lipase weaker than the carnivores' one the time to cut saturated fatty acids.
Therefore, with the existent digestive system, even if humans should ingest the same fiber
amount as a frugivore, they could not obtain sufficient specific nutrients of the digestive
system, (the SCFAs), given the small number of bacteria living in the colon.

[0036] This is probably the reason fo which previous clinical experiences of the Applicant,
directed to improve the action of alpha-lactalbumin in patients with weak digestive system, by
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means of concomitant administration of oligofructosaccharides, inulin or other prebiotic fibers,
have shown not fully satisfying results.

[0037] Humans could survive because they have learnt to obtain short-chain fatty acids from
saturated fats besides from fibers; shortening of the colon from 60% to 15% proves that they
preferred this second way.

[0038] However, the condemnation of saturated fats, unjustly accused to be responsible of a
dangerous increase of the plasma level of cholesterol, which is not a fat but an alcohol and
which for 80% does not derive from diet, has reduced the capability to produce SCFAs and
therefore to feed the cells of the digestive system. In addition, there is plenty of literature which
highlights the risk of reducing not only total cholesterol, but also only LDL.

[0039] Short-chain fatty acids (SCFAs) are, from the most to the least nourishing: butyric acid,
acetic acid, propionic acid and valeric acid.

[0040] SCFAs, besides being specific nutrients, increase intestinal motility stimulating serotonin
synthesis [27], pass through the intestinal epithelium and go into the blood where they carry
out cell signalling mechanisms: histone deacetylase (HDACs) inhibition [28] and activation of
G-protein-coupled receptors (GPCRs).

[0041] HDACs regulates gene expression, its inhibition results in a broad range of
consequences which still have mostly to be understood. GPCRs have been identified as
receptors for SCFAs and they are involved in the regulation of metabolism and inflammation
[29] SCFAs alter chemotaxis, phagocytosis, induce ROS, modify cellular proliferation, have
anti-inflammatory, antitumoral and antimicrobial actions. They play an important role in
maintaining intestinal and immune homeostasis [30].

[0042] The action on inflammatory processes by SCFAs is confirmed by the fact that a class of
NSAIDs consists of synthetic derivatives of acetic and propionic acid, highlighting that the
inhibitory action on HDASs may contribute to their anti-inflammatory action. The inhibitory
action of butyric acid is found to be higher than that of acetic and propionic acid.

[0043] The use of butyric acid has been proposed in autoimmune and inflammatory disorders
[31], against bacterial infections [32], to reduce cellular proliferation in colon cancers [33] and
to reduce glycemia, insulin-resistance, dyslipidemia and gluconeogenesis in comparison with
metformin [34, 35, 36]. Butyric acid shows protective action in experimental models of spinal
muscular atrophy [37], as well as it reduces muscle atrophy during aging [38], has therapeutic
action on allergic rhinitis [39], improves heart functions [40], decreases alcohol intake in
dependent animals [41] and protects against severe burn-induced remote acute lung injury
[42].

[0044] In the light of the recent literature it is therefore thought that many actions are due to a
single effect onto the intestinal microbiota, resulting in a reduction of inflammation [43, 44].
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[0045] Nowadays it is no more surprising that cerebral actions may correspond to this
intestinal action, such as behavioral improvements of depressive anxious states [45, 46], of
cognitive functions [47, 48], of stress responses [49], attenuation of autistic behaviors [50],
manic psychoses [51]. Since the cerebral uptake was measured being of the order of 0.006%
[52], it is clear that to influence brain processes it does not need to enter into the brain, but it
may act onto the peripheral nervous system and onto the immune system.

[0046] The SCFAs receptors are important regulators of immunological functions, including
neuroinflammation, energy metabolism, endocrine regulation of physiology and of behavior.
The responses observed in psychiatric disorders, including depression, to a histone
hyperacetylation induced by butyrate, such as an attenuation of depressive behavior in
experimental models [53], may depend on an increase of the BDNF level in specific brain
regions, such as the prefrontal cortex [54], which is probably due to an increased acetylation in
BDNF gene [55].

[0047] WO 2008/138348 discloses a complex comprising alpha-lactalbumin and a fatty acid or
a lipid suitable for use in the manufacture of medicaments for treating respiratory tract
infections, cancer and warts and for the inhibition of angiogenesis.

[0048] US 6 096 870 discloses a method for the separation of whey proteins through the use
of chromatography and mentions the elution of alpha-lactalbumin from a ionic exchange
column with a sodium acetate solution.

[0049] CN 105 746 711 discloses a milk-based product for improving sleep, which contains,
among the other ingredients, gamma-amino-butyric acid.

[0050] The experience of the Applicant in the use of alpha-lactalbumin as a food supplement
showed that it is possible to regain a clinical response by means of the association of a
complex dietary protocol capable of enhancing the digestive system of humans and thereby
making it more responsive to alpha-lactalbumin stimulations and consequently increasing
tryptophan absorption and serotonin synthesis, with the consequent advantages in preventing
and treating the above-mentioned disorders and in general all disorders wherein tissue
inflammation is reported to be the physiopathogenic cause, since this inflammation derives
from an intestinal chronic, low-degree inflammation [56].

[0051] These intestinal prebiotic actions are nowadays of great interest for treating disorders,
especially neurological disorders, because of the stronger and stronger evidence of the role of
the intestine-brain axis [30], but also because of the growing evidence of the role of microbiota
in tipping the scale towards a healthy or a disease state [57].

[0052] Therefore, the Applicant addressed the problem to boost alpha-lactalbumin efficacy for
treating the above-mentioned disorders and hypothesized, as a solution to said problem, to
obtain an amelioration of the conditions of the digestive system, giving to it a correct
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nourishment and reducing inflammation in it.

[0053] The problem was solved, according to the present invention, providing a
pharmaceutical or food supplement preparation including alpha-lactalbumin and at least one
short-chain fatty acid selected from the group consisting of acetic acid, propionic acid, butyric
acid, B-hydroxy-pB-methylbutyric acid, valeric acid and salts, esters and mono-, di- and
triglycerides thereof, for use in the treatment of disorders of the central nervous system (CNS)
related to serotonin deficiency.

[0054] Such CNS disorders related to serotonin deficiency are preferably selected among the
group comprising epilepsy, neuropsychiatric disorders of Parkinson's disease and Huntington's
chorea, depression, anxiety, dopamine-mimetic psychosis, emotional instability, compulsive-
obsessive disorders, insomnia and cephalalgia.

[0055] It was, in fact, experimentally found that with the concomitant administration of alpha-
lactalbumin and said short-chain fatty acid or a precursor or derivative thereof, a synergistic
effect is achieved.

[0056] In one aspect of the present invention, the above-mentioned at least one short-chain
fatty acid is contained in at least one first dosage unit together with a carrier acceptable from
the pharmaceutical or food standpoint and the alpha-lactalbumin is contained in at least one
second dosage unit together with a carrier acceptable from the pharmaceutical or food
standpoint, said dosage units being distinct units intended for simultaneous or separate
administration.

[0057] In another aspect, the pharmaceutical or food supplement preparation for the use
according to the invention consists of a pharmaceutical or food supplement composition
comprising the above-mentioned at least one short-chain fatty acid and the alpha-lactalbumin
together with a carrier acceptable from the pharmaceutical or food standpoint.

[0058] Preferably, in the pharmaceutical or food supplement preparation according to both the
above-mentioned aspects of the present invention, the alpha-lactalbumin is contained in an
amount ranging from 0.1 to 2.0 g, more preferably from 0.3 to 1.0 g for each dose. It is
possible to administer from 1 to 2 doses a day.

[0059] Preferably, the pharmaceutical or food supplement preparation for the use according to
the present invention further contains magnesium and/or group B vitamins to promote the
conversion of tryptophan into serotonin.

[0060] Alpha-lactalbumin of bovine origin is preferably used, not least by virtue of the fact that
its amino acid composition is the most similar to the human one.

[0061] The composition or the dosage units according to the invention may be administered by
various routes, although oral administration is preferred.
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[0062] Preferably, the pharmaceutical or food supplement preparation according to the present
invention is suitable for oral administration and is for example in the form of tablets, syrups,
capsules, film coated tablets or sachets of powder or granules.

[0063] The above-mentioned at least one short-chain fatty acid contained in the
pharmaceutical or food supplement preparation according to the present invention is
preferably selected among the group comprising butyric acid and B-hydroxy-p-methylbutyric
acid and alkaline or alkaline-earth salts thereof and esters thereof.

[0064] Among the esters of butyric acid particularly preferred are esters with glycerol,
especially glyceryl tributyrate (tributyrin), glyceryl monobutyrate, ethyl butyryl lactate,
pivaloyloxymethyl butyrate, 1-octyl butyrate, butyrate esters of carbohydrates and
carbohydrate polyols.

[0065] Tributyrin may advantageously be used in form of a complex with a cyclodextrin,
preferably as a 1:3 (weight ratio) tributyrin:gamma-cyclodextrin complex, to reduce the bitter
taste and the unpleasant smell of tributyrin.

[0066] Preferably, the above-mentioned at least one short-chain fatty acid is contained in the
pharmaceutical or food supplement preparation according to the present invention in an
amount ranging from 0.1 to 5.0 g, preferably from 0.2 to 1.0 g for each dose.

[0067] The present invention refers also to alpha-lactalbumin for use, in association with at
least one short-chain fatty acid selected from the group consisting of acetic acid, propionic
acid, butyric acid, B-hydroxy-B-methylbutyric acid, valeric acid and salts, esters and mono-, di-
and triglycerides thereof, in the treatment of CNS disorders related to serotonin deficiency.

[0068] Such CNS disorders related to serotonin deficiency are preferably selected among the
group comprising epilepsy, neuropsychiatric disorders of Parkinson's disease and Huntington's
chorea, depression, anxiety, dopamine-mimetic psychosis, emotional instability, compulsive-
obsessive disorders, insomnia and cephalalgia.

[0069] Finally, the present invention relates to a kit for use in the treatment of CNS disorders
related to serotonin deficiency, including at least one first dosage unit containing at least one
short-chain fatty acid selected from the group consisting of acetic acid, propionic acid, butyric
acid, B-hydroxy-pB-methylbutyric acid, valeric acid and salts, esters and mono-, di- and
triglycerides thereof, with a carrier acceptable from the pharmaceutical or food standpoint, and
at least one second dosage unit containing a-lactalbumin, together with a carrier acceptable
from the pharmaceutical or food standpoint, as well as instructions for the concomitant use of
said at least one first and at least one second dosage unit in the treatment of the above-
mentioned disorders.

[0070] Such CNS disorders related to serotonin deficiency are preferably selected among the
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group comprising epilepsy, neuropsychiatric disorders of Parkinson's disease and Huntington's
chorea, depression, anxiety, dopamine-mimetic psychosis, emotional instability, compulsive-
obsessive disorders, insomnia and cephalalgia.

[0071] The alpha-lactalbumin may be administered simultaneously with the short-chain fatty
acid, for example by using pharmaceutical forms which contain both of the active ingredients or
by simultaneously administering two pharmaceutical or food supplement forms of which one
respectively contains alpha-lactalbumin and the other one the short-chain fatty acid. The two
active ingredients may also be administered at different times over the course of the day on
the basis of the dosage regimen specified by a doctor.

[0072] The present invention will be further described with reference to some examples which
are provided.

Example 1

[0073]
Purified bovine alpha-lactalbumin 500 mg

B-hydroxy-B-methylbutyric acid 500 mg

Mannitol 50 mg

Flavoring agent 10 mg

[0074] The above-listed ingredients in powder form were mixed until homogeneous and
sachets for oral administration were filled with the resultant mixture.

Example 2

[0075]

Purified bovine alpha-lactalbumin 800 mg
Tributyrin 300 mg
Anhydrous butter 800 mg
Maltodextrins 90 mg
Flavoring agent 10 mg

[0076] Alpha-lactalbumin was dispersed in distilled water (8% w/w) and kept under agitation for
60" at room temperature, then heated to 80°C for 30' under agitation. The solution was then
cooled and stored at 4°C for 12 hours before being heated to 25°C. Melted anhydrous butter
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and tributyrin are added to this solution, forming an emulsion with the aid of a disperser (15000
rpm speed). The emulsion thereby obtained was homogenized by means of a two-stage
homogenizer (1st stage 7 MPa; 2nd stage 55 MPa) and finally fed into a spray dryer (Buchi
Mini Spray Dryer B-290), whose inlet temperature was maintained at 160°C while the outlet
temperature was 90°C, with a compressed air pressure equal to 552 kPa.

[0077] At the outlet of the spray dryer, spheroidal microcapsules, with an average diameter of
about 4 uym, were obtained. The flavoring agent and maltodextrins were added to these
microcapsules, inside a mixer, to obtain a uniform dispersion, which was then dosed in single-
dose sachets.

Example 3

Sachets of granules of sodium butyrate

[0078]
Sodium butyrate 300.0 mg

Hydrogenated palm oil 1500 mg
Calcium carbonate 200 mg
Maltodextrins 90 mg
Flavoring agent 10 mg

[0079] Granules of sodium butyrate microencapsulated in the hydrogenated palm oil were
produced, adding sodium butyrate to the hydrogenated palm oil and to the calcium carbonate
contained in a mixer heated to 70°C and it was kept under agitation for about 15 minutes. The
homogeneous mixture thereby obtained was sprayed by an appropriate nozzle inside a cooling
chamber at about -10°C, thereby obtaining granules with a sodium butyrate-based inner core
and a coating based on lipids and calcium carbonate. The granules thereby obtained were
uniformly mixed with the remaining ingredients.

a Lactalbumin sachets:

[0080]
Purified bovine alpha-lactalbumin 500 mg
Fructose 200 mg
Flavoring agent 10 mg




DK/EP 3764992 T3

[0081] The alpha-lactalbumin sachets and the sachets of granules of sodium butyrate were
packaged in a paperboard box, into which was also introduced an information leaflet describing
therapeutic indications, methods of taking the two sachets and posology.

[0082] The effects of the pharmaceutical preparation according to the present invention can be
verified using the animal models of intestinal inflammation, which show a higher action of the
formulation in reducing the inflammation on the inflammation induced by inflammatory agents
such as for example Croton tiglium or dextran. Also intestinal inflammation markers, including
PCR, calprotectin and the more specific NFkB p65/Beta Actin ratio, show the higher
inflammation-reducing effect of the formulation according to the present invention compared
also to the sum of the effects of the single components. The same markers may be also used
in clinical studies to measure the action of reduction of inflammation. Intestinal inflammation
measurements are currently performed also in studies on neurological and behavioral
disorders, given the recent evidence of its common role in the pathogenetic mechanisms of
different neurological and behavioral disorders. Interesting results obtained with feces
transplant are reported about the latter, showing that an intestinal dysbiosis, induced by an
inflammation, plays a fundamental role in these disorders. Our clinical data show a tight
correlation between reduction of intestinal inflammation, wherein the most sensitive marker
proved to be the Bristol Stool Chart test, and the reduction of cephalalgic attacks in adolescent
cephalalgic subjects.

[0083] In addition, the effects of the pharmaceutical preparation according to the present
invention can be verified by using the animal models commonly used for evaluating
antidepressant agents, such as for example the forced swim test on rats according to Cristiano
M.S. et al. ("Neonatal treatment with fluoxetine reduces depressive behaviour induced by
forced swim in adult rats.” Arq Neuropsiquiatr 2002; 60 (4): 928-932) or the forced swim test
on mice according to Takahiro N. et al. ("Antidepressant-like effect of apignein and 2,4,5-
trimethoxycinnamic acids from Perilla frutescens in the forced swimming test” Biol. Pharm. Bull.
2002; 26(4): 474-480) or finally the mouse model of chronic stress according to D'Aquila P.S.
et al. ("Effects of chronic mild stress on performance in behavioral tests relevant to anxiety and
depression”. Physiol. Behav. 1994; 56 (5): 861-867).

[0084] Finally, the effects of the pharmaceutical preparation according to the present invention
can be verified by using animal models commonly used for evaluating antiepileptic agents,
such as for example the one disclosed in Russo E. et al., making use of the convulsant agent
pentylenetetrazol [21].

[0085] Such effects have experimentally been verified and the results are reported in following
Example 4.

Example 4
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[0086] The anticonvulsant action of a preparation according to the invention, consisting of
alpha-lactalbumin and sodium butyrate, was evaluated in comparison with that of the single
components alpha-lactalbumin and sodium butyrate in the above-mentioned animal model,
using the convulsant agent pentylenetetrazol

[0087] The experiment was carried out on groups of 10 C57BL/6 male mice (Charles River
Italy) for each tested dose (control groups of 10 C57BL/6 male mice were also used).

[0088] The animals of all groups were subcutaneously administered pentylenetetrazol (65
mg/kg) at the end of a 15-day pretreatment with sodium butyrate, alpha-lactalbumin, alpha-
lactalbumin + sodium butyrate or vehicle, i.e. water (control), respectively.

[0089] This pretreatment was carried out by oral administration of a solution of either one of
sodium butyrate, alpha-lactalbumin, alpha-lactalbumin + sodium butyrate in the vehicle,
conisisting of water, and of the vehicle (water) alone.

[0090] Firstly, three groups of 10 mice were orally administered 30 mg/day, 100 mg/day and
250 mg/day of sodium butyrate respectively, in the form of an aqueous solution contained in
the bottle of the cage, for 15 days. The bottle of the cage of the control group (10 mice) only
contained water.

[0091] On the 16" day, the animals of the four groups were subcutaneously administered 65
mg/kg of pentylenetetrazol. No significant difference was observed among the four groups, in
that 100% of the animals of each group experienced seizures induced by pentylenetetrazol.

[0092] Then, three groups of 10 mice were orally administered 125 mg/day, 250 mg/day and
375 mg/day of alpha-lactalbumin respectively, in the form of an aqueous solution contained in
the bottle of the cage, for 15 days. The bottle of the cage of the control group (10 mice) only
contained water.

[0093] On the 16% day, the animals of the four groups were subcutaneously administered 65
mg/kg of pentylenetetrazol (PTZ).

[0094] As it can be appreciated from Figure 1, left side, the percentage of animals with PTZ-
induced seizures showed a decrease in a dose-dependent fashion, the greatest decrease
being achieved with a dose of 375 mg/day of alpha-lactalbumin (less than 40% animals
showing seizures).

[0095] Finally, a first group of 10 mice was orally administered 125 mg alpha-lactalbumin + 100
mg sodium butyrate per day, a second group of 10 mice was orally administered 250 mg
alpha-lactalbumin + 100 mg sodium butyrate per day, a third group of 10 mice was orally
administered 375 mg alpha-lactalbumin + 100 mg sodium butyrate per day, in the form of an
aqueous solution contained in the bottle of the cage, for 15 days. The bottle of the cage of the
control group (10 mice) only contained water.
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[0096] On the 16! day, the animals of the four groups were subcutaneously administered 65
mg/kg of pentylenetetrazol (PTZ).

[0097] Fig 1, right side, shows a remarkable decrease of the percentage of mice with PTZ-
induced seizures, the greatest decrease being achieved with a dose of 375 mg/day of alpha-
lactalbumin + 100 mg/day of sodium butyrate (less than 20% animals showing seizures).
Furthermore, it can be observed, with respect to the values reported in the left side of Figure 1,
that the addition of 100 mg/day of sodium butyrate brings about a strong decrease of the
percentage of animals with PTZ-induced seizures at each dose of alpha-lactalbumin. In
particular, it is noteworthy that a dose of 125 mg/day of alpha-lactalbumin, which does not
significantly decrease the percentage of mice with PTZ-induced seizures, when administered
together with a dose of 100 mg/day of sodium butyrate, does significantly reduce such
percentage

[0098] This is totally unexpected, considering that sodium butyrate was found to be devoid of
any activity towards the seizures induced by pentylenetetrazol.

References:

[0099]

1. 1) Derek A. Mann e Fiona Oakley, Serotonin paracrine signaling in tissue fibrosis, in
Biochimica et Biophysica Acta, vol. 1832, n° 7, 2013-7, pp. 905-910);

2.2) Clifford J Rosen, "Breaking into bone biology: serotonin's secrets”, in Nature
Medicine, vol. 15, n° 2, pp. 145-146;

3. 3) Ramadhan B. Matondo, Carine Punt e Judith Homberg, "Deletion of the serotonin
transporter in rats disturbs serotonin homeostasis without impairing liver regeneration”,
in American Journal of Physiology - Gastrointestinal and Liver Physiology, vol. 296, n° 4,
1° aprile 2009, pp. G963-G968,

4. 4) Marieb, Elaine Nicpon, 1936-, "Essentials of human anatomy & physiology", 9th ed,
Pearson/Benjamin Cummings, 2009.

5. 5) Jobe PC. Affective disorder and epilepsy comorbidity: implications for development of
treatments, preventions and diagnostic approaches. Clin EEG Neurosci. 2004
Jan;35(1):53-68

6. 6) Statnick MA, Maring-Smith ML, Clough RW, Wang C, Dailey JW, Jobe PC, Browning
RA. Effect of 5,7-dihydroxytryptamine on audiogenic seizures in genetically epilepsy-
prone rats. Life Sci. 1996;59(21):1763-71.

7. 7) Jobe PC, Browning RA. The serotonergic and noradrenergic effects of antidepressant
drugs are anticonvulsant, not proconvulsant. Epilepsy Behav. 2005 Dec;7(4):602-19

8. 8) Favale E, Rubino V, Mainardi P, Lunardi G, Albano C. Anticonvulsant effect of
fluoxetine in humans. Neurology. 1995 Oct;45(10):1926-7.

9. 9) Albano C, Cupello A, Mainardi P, Scarrone S, Favale E. Successful treatment of



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

DK/EP 3764992 T3

epilepsy with serotonin reuptake inhibitors: proposed mechanism. Neurochem Res. 2006
Apr;31(4):509-14

10) Jobe PC. Common pathogenic mechanisms between depression and epilepsy: an
experimental perspective. Epilepsy Behav. 2003 Oct;4 Suppl 3:514-24.

11) Jobe PC, Dailey JW, Wernicke JF. A noradrenergic and serotonergic hypothesis of
the linkage between epilepsy and affective disorders. Crit Rev Neurobiol.
1999;13(4):317-56

12) Jobe PC. Shared mechanisms of antidepressant and antiepileptic treatments: drugs
and devices. Clin EEG Neurosci. 2004 Jan;35(1):25-37.

13) Mainardi P, Leonardi A, Albano C. Potentiation of brain serotonin activity may inhibit
seizures, especially in drug-resistant epilepsy. Med Hypotheses. 2008;70(4):876-9.

14) Fernstrom JD, Wurtman RJ. Brain serotonin content: physiological regulation by
plasma neutral amino acids. Science. 1972 Oct 27;178(4059):414-6.

15) Lunardi G, Mainardi P, Rubino V, Fracassi M, Pioli F, Cultrera S, Albano C.
Tryptophan and epilepsy. Adv Exp Med Biol. 1996;398:101-2

16) Heuther G, Hajak G, Reimer A, Poeggeler B, Biamer M, Rodenbeck A, Rather E.
The metabolic fate of infused L-tryptophan in men: possible clinical implications of the
accumulation of circulating tryptophan and tryptophan metabolites. Psychopharmacology
(Berl). 1992;109(4):422-32.

17) Frenhani PB, Burini RC. Mechanism of action and control in the digestion of proteins
and peptides in humans. Arq Gastroenterol. 1999 Jul-Sep;36(3):139-47

18) Markus CR, Klépping-Ketelaars WI, Pasman W, Klarenbeek B, van den Berg
H.Dose-Dependent Effect of a-Lactalbumin in Combination with Two Different Doses of
Glucose on the Plasma Trp/LNAA Ratio. Nutr Neurosci. 2000;3 (5):345-55.

19) Feurté, Sébastien & Gerozissis, Kyriaki & Regnault, Alain & M. Paul, Francois.
(2001). Plasma Trp/LNAA Ratio Increases During Chronic Ingestion of An alpha-
lactalbumin Diet in Rats. Nutritional neuroscience. 4. 413-8.

20) Citraro R, Scicchitano F, De Fazio S, Raggio R, Mainardi P, Perucca E, De Sarro G,
Russo E. Preclinical activity profile of a-lactoalbumin, a whey protein rich in tryptophan,
in rodent models of seizures and epilepsy. Epilepsy Res. 2011Jun;95(1-2):60-9.

21) Russo E, Scicchitano F, Citraro R, Aiello R, Camastra C, Mainardi P, Chimirri S,
Perucca E, Donato G, De Sarro G. Protective activity of a-lactoalbumin (ALAC), a whey
protein rich in tryptophan, in rodent models of epileptogenesis. Neuroscience. 2012 Dec
13;226:282-8

22) Ushida Y, Shimokawa Y, Matsumoto H, Toida T, Hayasawa H. Effects of bovine
alpha-lactalbumin on gastric defense mechanisms in naive rats. Biosci Biotechnol
Biochem. 2003 Mar;67(3):577-83

23) Matsumoto H, Shimokawa Y, Ushida Y, Toida T, Hayasawa H. New biological function
of bovine alpha-lactalbumin: protective effect against ethanol- and stress-induced gastric
mucosal injury in rats. Biosci Biotechnol Biochem. 2001 May;65(5):1104-11

24) Rusu D, Drouin R, Pouliot Y, Gauthier S, Poubelle PE. A bovine whey protein extract
stimulates human neutrophils to generate bioactive IL-1Ra through a NF-kappaB- and
MAPK-dependent mechanism. J Nutr. 2010 Feb;140(2):382-91

25) Pellegrini A, Thomas U, Bramaz N, Hunziker P, von Fellenberg R. Isolation and



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

DK/EP 3764992 T3

identification of three bactericidal domains in the bovine alpha-lactalbumin molecule.
Biochim Biophys Acta. 1999 Feb 2;1426(3):439-48

26) Marja-Leena Koskiniemi, Journal of the Neurological Sciences, Volume 47, Issue 1,
July 1980, Pages 1-6)

27) Fukumoto, S., Tatewaki, M., Yamada, T., Fujimiya, M., Mantyh, C., Voss, M.,
Eubanks, S., Harris, M., Pappas, T.N., Takahashi, T., 2003. Short-chain fatty acids
stimulate colonic transit via intraluminal 5-HT release in rats. Am. J. Physiol. Regul.
Integr. Comp. Physiol. 284, R1269eR1276

28) Davie JR. Inhibition of histone deacetylase activity by butyrate. J Nutr. 2003
Jul;133(7 Suppl):2485S-2493S

29) Vinolo MA, Rodrigues HG, Nachbar RT, Curi R. Regulation of inflammation by short
chain fatty acids. Nutrients. 2011 Oct;3(10):858-76

30) Sekirov I, Russell SL, Antunes LC, Finlay BB. Gut microbiota in health and disease.
Physiol Rev. 2010 Jul;90(3):859-904

31) Richards JL, Yap YA, McLeod KH, Mackay CR, Marifio E. Dietary metabolites and
the gut microbiota: an alternative approach to control inflammatory and autoimmune
diseases. Clin Transl Immunology. 2016 May 13;5(5):e82.

32) Corréa RO, Vieira A, Sernaglia EM, Lancellotti M, Vieira AT, Avila-Campos MJ,
Rodrigues HG, Vinolo MA. Bacterial short-chain fatty acid metabolites modulate the
inflammatory response against infectious bacteria. Cell Microbiol. 2017 Jul; 19(7)

33) Han R, Sun Q, Wu J, Zheng P, Zhao G. Sodium Butyrate Upregulates miR-203
Expression to Exert Anti-Proliferation Effect on Colorectal Cancer Cells. Cell Physiol
Biochem. 2016;39(5):1919-1929.

34) Khan S, Jena G. Sodium butyrate reduces insulin-resistance, fat accumulation and
dyslipidemia in type-2 diabetic rat: A comparative study with metformin. Chem Biol
Interact. 2016 Jul 25;254:124-34

35) Khan S, Jena G. The role of butyrate, a histone deacetylase inhibitor in diabetes
mellitus: experimental evidence for therapeutic intervention. Epigenomics.
2015;7(4):669-80.

36) Newman JC, Verdin E. B-hydroxybutyrate: much more than a metabolite. Diabetes
Res Clin Pract. 2014 Nov;106(2):173-81

37) Butchbach ME, Lumpkin CJ, Harris AW, Saieva L, Edwards JD, Workman E, Simard
LR, Pellizzoni L, Burghes AH. Protective effects of butyrate-based compounds on a
mouse model for spinal muscular atrophy. Exp Neurol. 2016 May;279:13-26.

38) Walsh ME, Bhattacharya A, Sataranatarajan K, Qaisar R, Sloane L, Rahman MM,
Kinter M, Van Remmen H. The histone deacetylase inhibitor butyrate improves
metabolism and reduces muscle atrophy during aging. Aging Cell. 2015 Dec;14(6):957-
70.

39) Wang J, Wen L, Wang Y, Chen F. Therapeutic Effect of Histone Deacetylase
Inhibitor, Sodium Butyrate, on Allergic Rhinitis In Vivo. DNA Cell Biol. 2016
Apr;35(4):203-8

40) Chen Y, Du J, Zhao YT, Zhang L, Lv G, Zhuang S, Qin G, Zhao TC. Histone
deacetylase (HDAC) inhibition improves myocardial function and prevents cardiac
remodeling in diabetic mice. Cardiovasc Diabetol. 2015 Aug 7;14:99



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

DK/EP 3764992 T3

41) Simon-O'Brien E, Alaux-Cantin S, Warnault V, Buttolo R, Naassila M, Vilpoux C. The
histone deacetylase inhibitor sodium butyrate decreases excessive ethanol intake in
dependent animals. Addict Biol. 2015 Jul;20(4):676-89.

42) Liang X, Wang RS, Wang F, Liu S, Guo F, Sun L, Wang YJ, Sun YX, Chen XL.
Sodium butyrate protects against severe burn-induced remote acute lung injury in rats.
PLoS One. 2013 Jul 11;8(7):e68786

43) Mishiro T, Kusunoki R, Otani A, Ansary MM, Tongu M, Harashima N, Yamada T, Sato
S, Amano Y, Itoh K, Ishihara S, Kinoshita Y. Butyric acid attenuates intestinal
inflammation in murine DSS-induced colitis model via milk fat globule-EGF factor 8. Lab
Invest. 2013 Jul;93(7):834-43.

44) Arpaia N, Rudensky AY. Microbial metabolites control gut inflammatory responses.
Proc Natl Acad Sci U S A. 2014 Feb 11;111(6):2058-9.

45) Resende WR, Valvassori SS, Réus GZ, Varela RB, Arent CO, Ribeiro KF, Bavaresco
DV, Andersen ML, Zugno Al, Quevedo J. Effects of sodium butyrate in animal models of
mania and depression: implications as a new mood stabilizer. Behav Pharmacol. 2013
Oct;24(7):569-79

46) Pandey K, Sharma KP, Sharma SK. Histone deacetylase inhibition facilitatesmassed
pattern-induced synaptic plasticity and memory. Learn Mem. 2015 Sep15;22(10):514-8.

47) Valvassori SS, Varela RB, Arent CO, Dal-Pont GC, Bobsin TS, Budni J, Reus GZ,
Quevedo J. Sodium butyrate functions as an antidepressant and improves cognition with
enhanced neurotrophic expression in models of maternal deprivation and chronic mild
stress. Curr Neurovasc Res. 2014;11(4):359-66.

48) Blank M, Werenicz A, Velho LA, Pinto DF, Fedi AC, Lopes MW, Peres TV, Leal RB,
Domelles AS, Roesler R. Enhancement of memory consolidation by the histone
deacetylase inhibitor sodium butyrate in aged rats. Neurosci Lett. 2015 May 6;594:76-81
49) Gagliano H, Delgado-Morales R, Sanz-Garcia A, Armario A. High doses of the
histone deacetylase inhibitor sodium butyrate trigger a stress-like response.
Neuropharmacology. 2014 Apr;79:75-82

50) Kratsman N, Getselter D, Elliott E. Sodium butyrate attenuates social behavior
deficits and modifies the transcription of inhibitory/ excitatory genes in the frontal cortex
of an autism model. Neuropharmacology. 2016 Mar;102:136-45.

51) Valvassori SS, Dal-Pont GC, Steckert AV, Varela RB, Lopes-Borges J, Mariot E,
Resende WR, Arent CO, Carvalho AF, Quevedo J. Sodium butyrate has an antimanic
effect and protects the brain against oxidative stress in an animal model of mania
induced by ouabain. Psychiatry Res. 2016 Jan 30;235:154-9.

52) Kim, S.W., Hooker, J.M., Otto, N., Win, K., Muench, L., Shea, C., Carter, P, King, P,
Reid, A.E., Volkow, N.D., Fowler, J.S., 2013. Whole-body pharmacokinetics of HDAC
inhibitor drugs, butyric acid, valproic acid and 4-phenylbutyric acid measured with
carbon-11 labeled analogs by PET. Nucl. Med. Biol. 40, 912e918

53) Schroeder, F.A., Lin, C.L., Crusio, W.E., Akbarian, S., 2007. Antidepressant-like
effects of the histone deacetylase inhibitor, sodium butyrate, in the mouse. Biol.
Psychiatry 62, 55e64

54) Wei, Y., Melas, PA., Wegener, G., Mathe, A A, Lavebratt, C., 2015. Antidepressant-
like effect of sodium butyrate is associated with an increase in TET1 and in 5-



DK/EP 3764992 T3

hydroxymethylation levels in the Bdnf gene. Int. J. Neuropsychopharmacol. Off. Sci. J.
Coll. Int. Neuropsychopharmacol. CINP 18.

55. 55) Intlekofer, KA., Berchtold, N.C., Malvaez, M., Carlos, AJ., McQuown, S.C.,
Cunningham, M.J., Wood, M.A., Cotman, C.W., 2013. Exercise and sodium butyrate
transform a subthreshold learning event into long-term memory via a brain-derived
neurotrophic factor-dependent mechanism. Neuropsychopharmacol. Off. Publ. Am. Coll.
Neuropsychopharmacol. 38, 2027e2034.

56. 56) Riazi K, Galic MA, Pittman QJ. Contributions of peripheral inflammation to seizure
susceptibility: cytokines and brain excitability. Epilepsy Res. 2010 Mar;89(1):34-42.9

57. 57) Chow J, Lee SM, Shen Y, Khosravi A, Mazmanian SK. Host-bacterial symbiosis in
health and diseases. Adv.Immunol. 2010; 107:243-74

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o EPZ22184G2E: 108041

o WOZOORIZG248A [B047]
o USSOBGETOA [0048]

o ONIGET48711 I0048]

Non-patent literature cited in the description

« CRISTIANO M.S et al.Neonatal treatment with fluoxetine reduces depressive behaviour
induced by forced swim in adult rats.Arq Neuropsiquiatr, 2002, vol. 60, 4928-932 G831
» TAKAHIRO N. et al.Antidepressant-like effect of apignein and 2,4,5-trimethoxycinnamic



DK/EP 3764992 T3

acids from Perilla frutescens in the forced swimming testBiol. Pharm. Bull, 2002, vol. 26,
4474-480 [HQ83]

D'AQUILA P.S. et al.Effects of chronic mild stress on performance in behavioral tests
relevant to anxiety and depressionPhysiol. Behav., 1994, vol. 56, 5861-867 {33&3]
DEREK A.MANN E FIONA OAKLEYSerotonin paracrine signaling in tissue
fibrosisBiochimica et Biophysica Acta, vol. 1832, 72013-7 (3488}

CLIFFORD J ROSENBreaking into bone biology: serotonin's secretsNature Medicine,
vol. 15, 2145-146 [(55%]

RAMADHAN B. MATONDOCARINE PUNT E JUDITH HOMBERGDeletion of the
serotonin transporter in rats disturbs serotonin homeostasis without impairing liver
regenerationAmerican Journal of Physiology - Gastrointestinal and Liver Physiology,
2009, vol. 296, 4G963-G968 33331

MARIEBELAINE NICPONEssentials of human anatomy & physiologyPearson/Benjamin
Cummings20090000 {(433%]

JOBE PCAffective disorder and epilepsy comorbidity: implications for development of
treatments, preventions and diagnostic approachesClin EEG Neurosci., 2004, vol. 35,
153-68 {33397

STATNICK MAMARING-SMITH MLCLOUGH RWWANG CDAILEY JWJOBE
PCBROWNING RA.Effect of 5,7-dihydroxytryptamine on audiogenic seizures in
genetically epilepsy-prone ratsLife Sci, 1996, vol. 59, 211763-71 {33381

JOBE PCBROWNING RAThe serotonergic and noradrenergic effects of antidepressant
drugs are anticonvulsant, not proconvulsantEpilepsy Behav., 2005, vol. 7, 4602-
19 [085%1

FAVALE ERUBINO VMAINARDI PLUNARDI GALBANO CAnticonvulsant effect of
fluoxetine in humans.Neurology, 1995, vol. 45, 101926-7 [&8%%1

ALBANO CCUPELLO AMAINARDI PSCARRONE SFAVALE ESuccessful treatment of
epilepsy with serotonin reuptake inhibitors: proposed mechanismNeurochem Res., 20086,
vol. 31, 4509-14 {$45%1

JOBE PCCommon pathogenic mechanisms between depression and epilepsy: an
experimental perspectiveEpilepsy Behav., 2003, vol. 4, 3514-24 [£$388}

JOBE PCDAILEY JWWERNICKE JFA noradrenergic and serotonergic hypothesis of the
linkage between epilepsy and affective disordersCrit Rev Neurobiol.,, 1999, vol. 13,
4317-56 (34881

JOBE PCShared mechanisms of antidepressant and antiepileptic treatments: drugs and
devicesClin EEG Neurosci, 2004, vol. 35, 125-37 {4488}

MAINARDI PLEONARDI AALBANO CPotentiation of brain serotonin activity may inhibit
seizures, especially in drug-resistant epilepsyMed Hypotheses, 2008, vol. 70, 4876-
9 (3388}

FERNSTROM JDWURTMAN RJ.Brain serotonin content: physiological regulation by
plasma neutral amino acidsScience, 1972, vol. 178, 4059414-6 (88551

LUNARDI GMAINARDI PRUBINO VFRACASSI MPIOLI FCULTRERA SALBANO
CTryptophan and epilepsyAdv Exp Med Biol., 1996, vol. 398, 101-2 {3388}

HEUTHER GHAJAK GREIMER APOEGGELER BBIAMER MRODENBECK ARATHER
EThe metabolic fate of infused L-tryptophan in men: possible clinical implications of the



DK/EP 3764992 T3

accumulation of circulating tryptophan and tryptophan metabolitesPsychopharmacology
(Berl)., 1992, vol. 109, 4422-32 (3383}

FRENHANI PBBURINI RCMechanism of action and control in the digestion of proteins
and peptides in humans.Arq Gastroenterol, 1999, vol. 36, 3139-47 {3388]

MARKUS CRKLOPPING-KETELAARS WIPASMAN WKLARENBEEK BVAN DEN BERG
HDose-Dependent Effect of a-Lactalbumin in Combination with Two Different Doses of
Glucose on the Plasma Trp/LNAA RatioNutr Neurosci., 2000, vol. 3, 5345-55 {8338}
FEURTE, SEBASTIENGEROZISSISKYRIAKIREGNAULT, ALAINM.
PAULFRANCOISPlasma Trp/LNAA Ratio Increases During Chronic Ingestion of An
alpha-lactalbumin Diet in RatsNutritional neuroscience., 2001, vol. 4, 413-8 [§8%%]
CITRARO RSCICCHITANO FDE FAZIO SRAGGIO RMAINARDI PPERUCCA EDE
SARRO GRUSSO EPreclinical activity profile of a-lactoalbumin, a whey protein rich in
tryptophan, in rodent models of seizures and epilepsyEpilepsy Res, 2011, vol. 95, 1-260-
9 348%]

RUSSO ESCICCHITANO FCITRARO RAIELLO RCAMASTRA CMAINARDI PCHIMIRRI
SPERUCCA EDONATO GDE SARRO GProtective activity of a-lactoalbumin (ALAC), a
whey protein rich in tryptophan, in rodent models of epileptogenesis.Neuroscience,
2012, vol. 226, 282-8 {14481

USHIDA YSHIMOKAWA YMATSUMOTO HTOIDA THAYASAWA HEffects of bovine
alpha-lactalbumin on gastric defense mechanisms in naive ratsBiosci Biotechnol
Biochem., 2003, vol. 67, 3577-83 {44858}

MATSUMOTO HSHIMOKAWA YUSHIDA YTOIDA THAYASAWA HNew biological
function of bovine alpha-lactalbumin: protective effect against ethanol- and stress-
induced gastric mucosal injury in ratsBiosci Biotechnol Biochem., 2001, vol. 65, 51104-
11 [BGS3T

RUSU DDROUIN RPOULIOT YGAUTHIER SPOUBELLE PEA bovine whey protein
extract stimulates human neutrophils to generate bioactive IL-1Ra through a NF-
kappaB- and MAPK-dependent mechanismJ Nutr., 2010, vol. 140, 2382-91 {${%%]
PELLEGRINI ATHOMAS UBRAMAZ NHUNZIKER PVON FELLENBERG RIsolation and
identification of three bactericidal domains in the bovine alpha-lactalbumin
moleculeBiochim Biophys Acta., 1999, vol. 1426, 3439-48 {3098}

MARJA-LEENA KOSKINIEMIJournal of the Neurological Sciences, 1980, vol. 47, 11-
6 [0588]

FUKUMOTO, STATEWAKI, MYAMADA, TFUJIMIYA, MMANTYH, CVOSS, MEUBANKS,
SHARRIS, MPAPPAS, T.NTAKAHASHI, TShort-chain fatty acids stimulate colonic transit
via intraluminal 5-HT release in ratsAm. J. Physiol. Regul. Integr. Comp. Physiol, 2003,
vol. 284, R1269eR1276- [B43%]

DAVIE JRInhibition of histone deacetylase activity by butyrateJ Nutr., 2003, vol. 133,
24855-24938S (33537

VINOLO MARODRIGUES HGNACHBAR RTCURI RRegulation of inflammation by short
chain fatty acidsNutrients, 2011, vol. 3, 10858-76 {3385}

SEKIROV IRUSSELL SLANTUNES LCFINLAY BBGut microbiota in health and
diseasePhysiol Rev, 2010, vol. 90, 3859-904 {4981

CORREA ROVIEIRA ASERNAGLIA EMLANCELLOTTI MVIEIRA ATAVILA-CAMPOS



DK/EP 3764992 T3

MJRODRIGUES HGVINOLO MABacterial short-chain fatty acid metabolites modulate
the inflammatory response against infectious bacteriaCell Microbiol, 2017, vol. 19,
7 18388]

HAN RSUN QWU JZHENG PZHAO GSodium Butyrate Upregulates miR-203 Expression
to Exert Anti-Proliferation Effect on Colorectal Cancer CellsCell Physiol Biochem., 2016,
vol. 39, 51919-1929 {3888}

KHAN SJENA G.Sodium butyrate reduces insulin-resistance, fat accumulation and
dyslipidemia in type-2 diabetic rat: A comparative study with metformin.Chem Biol
Interact., 2016, vol. 254, 124-34 {4458}

KHAN SJENA GThe role of butyrate, a histone deacetylase inhibitor in diabetes mellitus:
experimental evidence for therapeutic interventionEpigenomics, 2015, vol. 7, 4669-
80 [383%

NEWMAN JCVERDIN EB-hydroxybutyrate: much more than a metaboliteDiabetes Res
Clin Pract., 2014, vol. 106, 2173-81 [{g831

BUTCHBACH MELUMPKIN CJHARRIS AWSAIEVA LEDWARDS JDWORKMAN
ESIMARD LRPELLIZZONI LBURGHES AHProtective effects of butyrate-based
compounds on a mouse model for spinal muscular atrophyExp Neurol., 2016, vol. 279,
13-26 (G891

WALSH MEBHATTACHARYA ASATARANATARAJAN KQAISAR RSLOANE LRAHMAN
MMKINTER MVAN REMMEN HThe histone deacetylase inhibitor butyrate improves
metabolism and reduces muscle atrophy during agingAging Cell, 2015, vol. 14, 6957-
70 [388%1

WANG JWEN LWANG YCHEN FTherapeutic Effect of Histone Deacetylase Inhibitor,
Sodium Butyrate, on Allergic Rhinitis In VivoDNA Cell Biol., 2016, vol. 35, 4203-8 [{{4%}
CHEN YDU JZHAO YTZHANG LLV GZHUANG SQIN GZHAO TCHistone deacetylase
(HDAC) inhibition improves myocardial function and prevents cardiac remodeling in
diabetic miceCardiovasc Diabetol., 2015, vol. 14, 99- [¢38%]

SIMON-O'BRIEN EALAUX-CANTIN SWARNAULT VBUTTOLO RNAASSILA
MVILPOUX C.The histone deacetylase inhibitor sodium butyrate decreases excessive
ethanol intake in dependent animalsAddict Biol., 2015, vol. 20, 4676-89 [§8%%1

LIANG XWANG RSWANG FLIU SGUO FSUN LWANG YJSUN YXCHEN XLSodium
butyrate protects against severe burn-induced remote acute lung injury in ratsPLoS
One., 2013, vol. 8, 7e68786- {$488]

MISHIRO TKUSUNOKI ROTANI AANSARY MMTONGU MHARASHIMA NYAMADA
TSATO SAMANO YITOH KButyric acid attenuates intestinal inflammation in murine
DSS-induced colitis model via milk fat globule-EGF factor 8Lab Invest., 2013, vol. 93,
7834-43 (04981

ARPAIA NRUDENSKY AY Microbial metabolites control gut inflammatory responsesProc
Natl Acad Sci U S A., 2014, vol. 111, 62058-9 ({333}

RESENDE WRVALVASSORI SSREUS GZVARELA RBARENT CORIBEIRO
KFBAVARESCO DVANDERSEN MLZUGNO AIQUEVEDO JEffects of sodium butyrate in
animal models of mania and depression: implications as a new mood stabilizerBehav
Pharmacol., 2013, vol. 24, 7569-79 {$44%]

PANDEY KSHARMA KPSHARMA SKHistone deacetylase inhibition facilitatesmassed



DK/EP 3764992 T3

pattern-induced synaptic plasticity and memoryLearn Mem, 2015, vol. 22, 10514-
8 [308%]

VALVASSORI SSVARELA RBARENT CODAL-PONT GCBOBSIN TSBUDNI JREUS
GZQUEVEDO J.Sodium butyrate functions as an antidepressant and improves cognition
with enhanced neurotrophic expression in models of maternal deprivation and chronic
mild stressCurr Neurovasc Res., 2014, vol. 11, 4359-66 [{3%81

BLANK MWERENICZ AVELHO LAPINTO DFFEDI ACLOPES MWPERES TVLEAL
RBDOMELLES ASROESLER REnhancement of memory consolidation by the histone
deacetylase inhibitor sodium butyrate in aged rats.Neurosci Lett., 2015, vol. 594, 76-
81 {08981

GAGLIANO HDELGADO-MORALES RSANZ-GARCIA AARMARIO AHigh doses of the
histone deacetylase inhibitor  sodium butyrate trigger a stress-like
response.Neuropharmacology, 2014, vol. 79, 75-82 [&85%1

KRATSMAN NGETSELTER DELLIOTT ESodium butyrate attenuates social behavior
deficits and modifies the transcription of inhibitory/ excitatory genes in the frontal cortex
of an autism modelNeuropharmacology, 2016, vol. 102, 136-45 {88831

VALVASSORI SSDAL-PONT GCSTECKERT AVVARELA RBLOPES-BORGES
JMARIOT ERESENDE WRARENT COCARVALHO AFQUEVEDOQO J.Sodium butyrate has
an antimanic effect and protects the brain against oxidative stress in an animal model of
mania induced by ouabainPsychiatry Res., 2016, vol. 235, 154-9 [§38%}

KIM, S.W.HOOKER, J.M.OTTO, NWIN, KMUENCH, L.SHEA, C.CARTER, PKING,
PREID, A.EVOLKOW, N.D.Whole-body pharmacokinetics of HDAC inhibitor drugs,
butyric acid, valproic acid and 4-phenylbutyric acid measured with carbon-11 labeled
analogs by PETNucl. Med. Biol., 2013, vol. 40, 912e918- ({333}

SCHROEDER, F.ALIN, C.LCRUSIO, W.EAKBARIAN, SAntidepressant-like effects of the
histone deacetylase inhibitor, sodium butyrate, in the mouseBiol. Psychiatry, 2007, vol.
62, 55e64- {3338}

WEI, Y.MELAS, P.AWEGENER, G.MATHE, A.A.LAVEBRATT, CAntidepressant-like
effect of sodium butyrate is associated with an increase in TET1 and in 5-
hydroxymethylation levels in the Bdnf gene. Int. J. Neuropsychopharmacol. Off. Sci. J.
Coll. Int. Neuropsychopharmacol. CINP 18, 2015, [GG&%]

INTLEKOFER, K.ABERCHTOLD, N.C.MALVAEZ, M.CARLOS, A.J.MCQUOWN,
S.CCUNNINGHAM, M.JWOOD, M.ACOTMAN, C.WExercise and sodium butyrate
transform a subthreshold learning event into long-term memory via a brain-derived
neurotrophic factor-dependent mechanism. NeuropsychopharmacolOff. Publ. Am. Coll.
Neuropsychopharmacol. 38, 2013, 2027e2034- {88831

RIAZI KGALIC MAPITTMAN QJContributions of peripheral inflammation to seizure
susceptibility: cytokines and brain excitabilityEpilepsy Res, 2010, vol. 89, 134-
42.9 [3G59]

CHOW JLEE SMSHEN YKHOSRAVI AMAZMANIAN SKHOST-BACTERIAL SYMBIOSIS
IN HEALTH AND DISEASES.Adv.Immunol., 2010, vol. 107, 243-74 {4458}



10

15

20

25

30

DK/EP 3764992 T3

Patentkrav

1. Farmaceutisk eller kosttilskudspreeparat, herunder a-lactalbumin og mindst
én kortkaedet fedtsyre valgt fra gruppen bestaende af propionsyre, smearsyre,
B-hydroxy-B-methylsmarsyre, valerianesyre og salte, estere og mono-, di- og
triglycerider deraf til anvendelse i behandlingen af lidelser i centralnervesyste-

met (CNS) relateret til serotoninmangel.

2. Farmaceutisk eller kosttilskudspraeparat til anvendelse ifalge krav 1, hvor
CNS-lidelserne relateret til serotonin-mangel er udvalgt blandt gruppen omfat-
tende epilepsi, neuropsykiatriske lidelser af Parkinsons sygdom og Hunting-
tons chorea, depression, angst, dopamin-mimetisk psykose, falelsesmaessig

ustabilitet, tvangslidelser, sevnlgshed og cephalalgi.

3. Farmaceutisk eller kosttilskudspreeparat til anvendelse ifalge et hvilket som
helst af kravene 1 og 2, hvor den mindst ene kortkeedede fedtsyre er indeholdt
I mindst en f@rste dosisenhed sammen med en beerer, der er acceptabel fra et
farmaceutisk eller fedevaresynspunkt, og a-lactalbumin er indeholdt i mindst
én anden dosisenhed, eventuelt yderligere indeholdende magnesium og/eller
gruppe B-vitaminer, sammen med en beerer, der er acceptabel fra et farma-
ceutisk eller fedevaresynspunkt, hvor dosisenhederne er forskellige enheder,

der er beregnet til samtidig eller separat indgivelse.

4. Farmaceutisk eller kosttilskudspraeparat til anvendelse ifalge et hvilket som
helst af kravene 1 og 2, bestaende af en farmaceutisk eller kosttilskudssam-
mensaetning omfattende den mindst ene kortkeedede fedtsyre og a-lactalbu-
minet sammen med en beerer, der er acceptabel fra et farmaceutisk eller fa-

devaresynspunkt.

5. Preeparat ifelge krav 3, hvor a-lactalbuminet er indeholdt i en maengde i
omradet fra 0,1 til 2,0 g, fortrinsvis fra 0,3 til 1,0 g.
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6. Preeparat ifelge krav 4, hvor a-lactalbuminet er indeholdt i en maengde i
omradet fra 0,1 til 2,0 g, fortrinsvis fra 0,3 til 1,0 g.

7. Preeparat ifolge krav 4 eller 6, hvor den farmaceutiske eller kosttilskudssam-

mensaetning yderligere omfatter magnesium og/eller gruppe B-vitaminer.

8. Preeparat ifelge et hvilket som helst af de foregaende krav, kendetegnet

ved, at det er egnet til oral indgivelse.

9. Preeparat ifalge krav 4 eller 6, hvor det farmaceutiske eller kosttilskudspree-
parat er i form af tabletter, sirupper, kapsler, filmovertrukne tabletter eller poser

af pulver eller granulat.

10. Preeparat ifelge krav 3, 5 eller 7, hvor den mindst ene fgrste og mindst ene
anden dosisenhed uafhaengigt er | form af tabletter, kapsler, filmovertrukne

tabletter eller poser af pulver eller granulat.

11. Preeparat ifalge et hvilket som helst af de foregaende krav, hvor den mindst
ene kortkeedede fedtsyre er valgt blandt gruppen bestaende af smersyre og B-
hydroxy-B-methylsmarsyre og alkaliske eller jordalkali-salte deraf og estere
med glycerol deraf, fortrinsvis blandt natriumbutyrat, glyceryltributyrat, glyce-
rylmonobutyrat, butyratestere af kulhydrater og kulhydratpolyoler, hvor den
mindst ene kortkaedede fedtsyre fortrinsvis er indeholdt i en meengde i omradet

fra 0,1 til 5,0 g, mere fortrinsvis fra 0,2l 1,0g.

12. o-Lactalbumin til anvendelse i forbindelse med mindst én kortkeedet fedt-
syre valgt fra gruppen bestaende af propionsyre, smarsyre, B-hydroxy-S-me-
thylsmarsyre, valerianesyre og salte, estere og mono-, di- og triglycerider deraf

til behandling af CNS-lidelser relateret til serotonin-mangel.
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13. a -Lactalbumin til anvendelse ifelge krav 12, hvor CNS-lidelserne relateret
til serotonin-mangel er udvalgt blandt gruppen bestaende af epilepsi, neuro-
psykiatriske lidelser af Parkinsons sygdom og Huntingtons chorea, depres-
sion, angst, dopamin-mimetisk psykose, falelsesmeessig ustabilitet, tvangs-

maessig ustabilitet -tvangslidelser, sevnlashed og cephalalgi.

14. Kit til brug ved behandling af CNS-lidelser relateret til serotonin-mangel,
inklusive mindst én ferste dosisenhed indeholdende mindst én kortkeedet fedt-
syre valgt fra gruppen bestaende af propionsyre, smarsyre, B-hydroxy-S-me-
thylsmarsyre, valerianesyre og salte, estere og mono-, di- og triglycerider
deraf, med en beerer, der er acceptabel ud fra et farmaceutisk eller fedevare-
synspunkt, og mindst én anden dosisenhed indeholdende a-lactalbumin sam-
men med en beerer, der er acceptabel fra et farmaceutisk eller fedevaresyns-
punkt, sdvel som instruktioner for den samtidige anvendelse af den mindst ene
farste og mindst ene anden dosisenhed i behandlingen af de ovennaevnte li-

delser.

15. Kit til anvendelse ifelge krav 14, hvor CNS-lidelserne relateret til serotonin-
mangel er udvalgt blandt gruppen bestaende af epilepsi, neuropsykiatriske li-
delser af Parkinsons sygdom og Huntingtons chorea, depression, angst, dopa-
min-mimetisk psykose, falelsesmaessig ustabilitet, tvangsmeessig beseettelse

lidelser, s@vnlashed og cephalalgi.
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