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ABSTRACT

The present invention provides for the use of a therapeutically effective amount of a modified
release amino acid formulation for treating or preventing muscle proteolysis manifesting as
weight or muscle loss or elevated blood urea nitrogen (BUN) or urea concentrations in a subject
on a restricted protein diet supplemented by oral amino acids, wherein the modified release
amino acid formulation comprises a plurality of modified release granules, each of the plurality
of modified release granules comprises: (a) a binder admixed with an amino acid component
comprising alanine, arginine, aspartic acid, cystine, glutamine, glycine, histidine, isoleucine,
leucine, lysine, methionine, proline, serine, threonine, tryptophan, and valine; and (b) an

ethylcellulose coating layer that coats the modified release granule.
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METHODS OF NORMALIZING
AMINO ACID METABOLISM

FIELD OF THE INVENTION

The present invention relates to methods of normalizing impaired amino acid metabolism
in subjects on a restricted protein diet supplemented by amino acids, including methods of treating
medical conditions resulting from such impaired metabolism, using modified release formulations
of amino acids that mimic the pharmacokinetic absorption of amino acids coming from intact

natural proteins.

BACKGROUND

Several diseases are characterized by inborn errors of amino acid metabolism caused by
deficient activities of enzymes necessary to process one or more amino acids. Phenylketonuria
(PKU) is a prototypical example of such a disease, caused by deficient activity of the enzyme
phenylalanine hydroxylase, which is needed to convert the essential amino acid phenylalanine to
tyrosine. In individuals with PKU, phenylalanine is poorly or nil metabolized to tyrosine with a
consequent increase of circulating levels of phenylalanine and its metabolites that produce toxic
effects, especially in the central nervous system, if no suitable nutritional management is started.

As phenylalanine is an essential amino acid (i.e. it cannot be synthetized by the body but
needs to be taken from diet), the goal of nutritional management of individuals with PKU is to
maintain adequate plasma phenylalanine concentrations to support optimal growth, normal brain
development, and mental functioning while providing a nutritionally complete diet and preventing
neurological and psychological changes. Thus, individuals with PKU require lifelong adherence
to a low-phenylalanine diet that is restricted in natural foods, in order to limit the intake of natural
protein and, at the same time, to provide adequate amounts of phenylalanine, in addition to the
intake of phenylalanine-free amino acid mixtures to meet their protein needs.

An altemative to synthetic amino acid mixtures has been available from 2010 onwards: i.e.
glycomacropeptide (GMP), a natural 64-amino acid glycophosphopeptide derived from casein in
bovine milk, which is produced during the manufacture of cheese. It is an alternative to

phenylalanine-free synthetic amino acid mixtures with a potentially more natural absorption
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profile. However, GMP contains a residual amount of phenylalanine that could alter phenylalanine
control.

When the major supply of protein substituents is of synthetic origin (readily absorbable
phenylalanine-free amino acid mixtures), potential differences in the intake of protein versus the
intake of free amino acids deserve special attention. It is known that efficient utilization of amino
acids for the synthesis of body proteins is influenced by many factors, including rate of protein
digestion and absorption of amino acids into the bloodstream, presence of all essential amino acids
at the same time, and adequate intake of energy and total dietary nitrogen to support the high
metabolic cost of protein synthesis. Nitrogen requirements are thought to increase when the
majority of amino acids is provided by an elemental free amino acid-based diet in comparison to
intact natural proteins, due to the rapid absorption of amino acids after a free amino acid-based
diet. This rapid absorption of amino acids into the bloodstream can impose a higher dietary acid
load, particularly when higher doses are administered.

In healthy volunteers, dietary intake of free amino acids induced rapid absorption of amino
acids into the bloodstream (tmax of ~20-30 min), with high peak concentrations (Cmax) . This profile
of absorption of amino acids was different from that commonly observed after the intake of natural
proteins. Plasma levels of total and essential amino acids were higher and peaked faster but
decreased more quickly after oral intake of L-amino acid mixtures than after intake of a source of
whole protein. Plasma amino acid concentrations after intake of whole protein peaked at 150 min
whereas plasma amino acid concentrations after intake of free amino acid mixtures peaked at 30
min.

Previous research evaluated the effects that a different amount/speed of absorption of
amino acids by the gut into the bloodstream can exert on whole body protein synthesis, breakdown,
and oxidation, and consequently on the control of protein deposition. In this study, post-prandial
whole body kinetics was evaluated by comparing the intake of a single meal of casein (typical
example of a slow-release protein) versus the intake of a free amino acid mixture (mimicking the
amino acid composition of casein but acting as a fast-ingested meal), and by comparing the intake
of a single meal of rapidly digested whey proteins versus repeated meals of whey proteins
(mimicking a slow digestion rate), in healthy volunteers. Whole body leucine balance, an index of
protein deposition and of the efficiency of post-prandial protein utilization, was shown to differ

under different circumstances. “Fast” meals induced a strong, rapid and transient increase of amino
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acid levels in the bloodstream, in comparison with slow meals. This was associated with an
increased protein synthesis and oxidation and only a transient/slight inhibition of protein
breakdown. By contrast, the plasma appearance of amino acids after slow meals was slower, lower,
and prolonged with a different whole body response: protein synthesis was not stimulated,
oxidation was moderately stimulated, but protein breakdown was markedly inhibited.

The impact of chronic ingestion of amino acids on the kidney is of potential concern. Mice
fed an amino acid diet demonstrated significant 15-30% increases in renal mass and urine volume,
and an acidic urine pH <5.5 compared with mice fed a GMP diet. In addition, the slower ingestion
and absorption of GMP compared to amino acid mixtures promotes satiety and may modulate
control of postprandial blood glucose levels.

With the development of free amino acid formulas and dietary therapy, severe mental
retardation due to PKU has abated. However, there are still substantial unmet medical needs for
individuals with PKU of all age groups and genders, including those PKU patients having good
control of phenylalanine levels obtained through a low-protein diet combined with the
supplementation of free amino acid formulas or the use of existing available drugs.

Current unmet medical needs are mainly related to lifelong ingestion of synthetic, fast-
absorbed free amino acid formulas. These clinical manifestations are mainly observed in classic
PKU patients. Due to low phenylalanine tolerance, these patients have a diet composed mainly of
free amino acid formulas which represent up to 80-85% of the total daily protein intake for their
entire life.

New options are needed to provide an alternative to current synthetic free amino acid
mixtures and improve the dietary management of individuals who consume large quantities of free

amino acids.

SUMMARY OF INVENTION

The inventors have unexpectedly discovered several advantages from mimicking the
digestion of proteins in patients on restricted protein diets supplemented by amino acids, including
an improved nitrogen balance, reduced muscle catabolism, improved glucose and insulin control,
and reduced fluctuations in amino acid concentrations, with consequent metabolic, and

musculoskeletal benefits.
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Thus, in a first principal embodiment, the invention provides a method of treating or
preventing elevated amino acid concentrations in a subject on a restricted protein diet
supplemented by oral amino acids comprising administering to said subject a therapeutically
effective amount of a modified release amino acid formulation, thereby prolonging the release of
said oral amino acids and mimicking the metabolism of natural proteins by said amino acids.

In a second principal embodiment the invention provides a method of treating or preventing
elevated phenylalanine concentrations or fluctuations in a subject on a restricted protein diet
supplemented by oral amino acids comprising administering to said subject a therapeutically
effective amount of a modified release amino acid formulation, thereby prolonging the release of
said oral amino acids and mimicking the metabolism of natural proteins by said amino acids. This
second principal embodiment is particularly applicable to PKU patients, wherein the supplemental
oral amino acids exclude phenylalanine.

In a third principal embodiment the invention provides a method of treating or preventing
muscle proteolysis manifesting as weight or muscle loss or elevated BUN or urea concentrations
in a subject on a restricted protein diet supplemented by oral amino acids comprising administering
to said subject a therapeutically effective amount of a modified release amino acid formulation,
thereby prolonging the release of said oral amino acids and mimicking the metabolism of natural
proteins by said amino acids.

In a fourth principal embodiment the invention provides a method of treating or preventing
elevated BUN or urea concentrations in a subject on a restricted protein diet supplemented by oral
amino acids comprising administering to said subject a therapeutically effective amount of a
modified release amino acid formulation, thereby prolonging the release of said oral amino acids
and mimicking the metabolism of natural proteins by said amino acids.

In a fifth principal embodiment the invention provides a method of stabilizing glucose
levels and reducing insulin levels in a subject on a restricted protein diet supplemented by oral
amino acids comprising administering to said subject a therapeutically effective amount of a
modified release amino acid formulation, thereby prolonging the release of said oral amino acids
and mimicking the metabolism of natural proteins by said amino acids.

In a sixth principal embodiment the invention provides a method of stabilizing tyrosine
absorption in a subject on a restricted protein diet supplemented by oral amino acids comprising

administering to said subject a therapeutically effective amount of the formulation of an amino
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acid formulation comprising granulated particles of tyrosine and alginic acid or a pharmaceutically
acceptable salt thereof, uncoated by a modified release coating. This sixth principal embodiment
is particularly applicable to PKU patients, wherein the supplemental oral amino acids exclude
phenylalanine.

In a seventh principal embodiment the invention provides a method of normalizing one or
more metabolic markers selected from plasma insulin, plasma glucose, blood urea nitrogen, urine
urea nitrogen, and plasma phenylalanine in a subject on a restricted protein diet supplemented by
oral amino acids comprising administering to said subject a therapeutically effective amount of a
modified release amino acid formulation, thereby prolonging the release of said oral amino acids
and mimicking the metabolism of natural proteins by said amino acids.

Preferably, said amino acid formulation is modified to produce a maximum plasma
concentration in humans for total amino acids, essential amino acids, large neutral amino acids, or
branched chain amino acids, of less than 80%, 75%, or 70% of the maximum plasma concentration
produced by an equipotent immediate release amino acid formulation.

In another aspect, the present invention provides use of a therapeutically effective amount
of a modified release amino acid formulation for treating or preventing muscle proteolysis
manifesting as weight or muscle loss or elevated blood urea nitrogen (BUN) or urea concentrations
in a subject on a restricted protein diet supplemented by oral amino acids, wherein the modified
release amino acid formulation comprises a plurality of modified release granules, each of the
plurality of modified release granules comprises:

a) a binder admixed with an amino acid component comprising alanine, arginine,
aspartic acid, cystine, glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine,
proline, serine, threonine, tryptophan, and valine; and

b) an ethylcellulose coating layer that coats the modified release granule; and

wherein

no more than 70% of the amino acids in the modified release granules in the formulation
are released after 30 minutes when 2 g of the formulation is subjected to dissolution testing in a
<711> USP 39 NF 34 paddle apparatus at 37 °C in 500 ml 0.1 N hydrochloric acid at a paddle
speed of 50 rpm, further wherein

the alanine comprises about 3 wt% of the modified release granule;

the arginine comprises about 4 wt% of the modified release granule;
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the aspartic acid comprises about 6 wt% of the modified release granule;

the cystine comprises about 2 wt% of the modified release granule;

the glutamine comprises about 20 wt% of the modified release granule;

the glycine comprises about 5 wt% of the modified release granule;

the histidine comprises about 2.8 wt% of the modified release granule;

the isoleucine comprises about 5.5 wt% of the modified release granule;

the leucine comprises about 11.5 wt% of the modified release granule;

the lysine comprises about 7 wt% of the modified release granule;

the methionine comprises about 1.4 wt% of the modified release granule;

the proline comprises about 6 wt% of the modified release granule;

the serine comprises about 3.4 wt% of the modified release granule;

the threonine comprises about 5 wt% of the modified release granule;

the tryptophan comprises about 2 wt% of the modified release granule; and

the valine comprises about 5 wt% of the modified release granule.

Additional advantages of the invention are set forth in part in the description which follows,
and in part will be obvious from the description, or may be learned by practice of the invention. It
is to be understood that both the foregoing general description and the following detailed

description are exemplary and explanatory only and are not restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate several embodiments of the invention and together with the description
serve to explain the principles of the invention.

Figure 1 is a manufacturing flow chart for the Test Product used in Example 1.

Figure 2 plots the mean plasma concentration-time curve for essential amino acids during
5 hours (300 min) from Test and Reference Products as described in Example 1. The dashed line
denotes Reference Product results; the solid line denotes Test Product results.

Figure 3 plots the mean plasma concentration-time curve for essential amino acids during
7 hours (420 min) from Test and Reference Products as described in Example 1. The dashed line

denotes Reference Product results; the solid line denotes Test Product results.
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Figure 4 plots the mean plasma concentration-time curve for large neutral amino acids
during 7 hours (420 min) for from Test and Reference Products as described in Example 1. The
dashed line denotes Reference Product results; the solid line denotes Test Product results.

Figure 5 plots the mean plasma concentration- time curve for branched chain amino acids
during 7 hours (420 min) from Test and Reference Products as described in Example 1. The dashed
line denotes Reference Product results; the solid line denotes Test Product results.

Figure 6 plots the mean plasma concentration-time curve for total amino acids during 7
hours (420 min) from Test and Reference Products as described in Example 1. The dashed line
denotes Reference Product results; the solid line denotes Test Product results.

Figure 7 plots the mean plasma concentration-time curve for tyrosine during 7 hours (420
min) from Test and Reference Products as described in Example 1. The dashed line denotes
Reference Product results; the solid line denotes Test Product results.

Figure 8 plots the mean plasma concentration-time curve for phenylalanine during 7 hours
(420 min) from Test and Reference Products as described in Example 1. The dashed line denotes
Reference Product results; the solid line denotes Test Product results.

Figure 9 plots the mean plasma concentration-time curve for insulin during 5 hours (300
min) from Test and Reference Products as described in Example 1. The dashed line denotes
Reference Product results; the solid line denotes Test Product results.

Figure 10 plots the mean plasma concentration-time curve for glucose during 5 hours (300
min) from Test and Reference Products as described in Example 1. The dashed line denotes
Reference Product results; the solid line denotes Test Product results.

Figure 11 plots the mean concentration-time curve for BUN in plasma during 5 hours (300
min) from Test and Reference Products as described in Example 1. The dashed line denotes
Reference Product results; the solid line denotes Test Product results.

Figure 12 plots the mean concentration-time curve for urea in urine, during 5 hours (300
min) from Test and Reference Products as described in Example 1. The dashed line denotes
Reference Product results; the solid line denotes Test Product results.

Figure 13 is a graphical plot of the ponderal dissolution test results for the sum of amino
acids released over time from the Reference Product described in Example 1, measured according

to the method described in Example 3.
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Figure 14 is a graphical plot of the ponderal dissolution test results for the sum of amino
acids released over time from the Test Product described in Example 1, measured according to the
method described in Example 3.

Figure 15 is a graphical plot of the dissolution test results for the individual amino acids
released over time from the Reference Product described in Example 1, measured according to the
method described in Example 3.

Figure 16 is a graphical plot of dissolution test results for the individual amino acids
released over time from the Test Product described in Example 1, measured according to the
method described in Example 3.

Figure 17 is a bar graph depicting changes over time in grip strength in animals fed a
modified release formulation of the present invention and animals fed a placebo, as described in
Example 4. Baseline results are reported in the left bar on each graph; end of study results are
reported on the right.

Figure 18 is a graph depicting BNIP3L/NIX expression in the femoral biceps measured by
Western Blot in the animal study reported in Example 4. PL results correspond to placebo; CR

results correspond to the test formulation.

DETAILED DESCRIPTION

Definitions and Use of Terms

Wherever an analysis or test is required to understand a given property or characteristic
recited herein, it will be understood that the analysis or test is performed in accordance with
applicable guidances, draft guidances, regulations and monographs of the United States Food and
Drug Administration (“FDA”) and United States Pharmacopoeia (“USP”) applicable to drug
products in the United States in force as of August 30, 2018 unless otherwise specified.

As used in this specification and in the claims which follow, the singular forms “a,” “an”
and “the” include plural referents unless the context clearly dictates otherwise.

As used in this specification and in the claims which follow, the word “comprise” and
variations of the word, such as “comprising” and “comprises,” means “including but not limited

to,” and is not intended to exclude, for example, other additives, components, integers or steps.

When an element is described as comprising a plurality components, steps or conditions, it will be
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understood that the element can also be described as comprising any combination of such plurality,
or “consisting of” or “consisting essentially of” the plurality or combination of components, steps
or conditions.

When ranges are given by specifying the lower end of a range separately from the upper
end of the range, or specifying particular numerical values, it will be understood that a range can
be defined by selectively combining any of the lower end variables, upper end variables, and
particular numerical values that is mathematically possible. In like manner, when a range is defined
as spanning from one endpoint to another, the range will be understood also to encompass a span
between and excluding the two endpoints.

When used herein the term “about” will compensate for variability allowed for in the
pharmaceutical industry and inherent in products in this industry, such as differences in product
strength due to manufacturing variation and time-induced product degradation. The term allows
for any variation which in the practice of good manufacturing practices would allow the product
being evaluated to be considered therapeutically equivalent or bioequivalent in humans to the
recited strength of a claimed product as described in FDA’s March 2003 Guidance for Industry on
Bioavailability and Bioequivalence Studies for Orally Administered Drug Products - General
Considerations.

When percentages are given herein, it will be understood that the percentages are weight
percent, and that proportions are based on weight, unless otherwise stated to the contrary.

The phrase “acceptable” as used in connection with compositions of the invention, refers
to molecular entities and other ingredients of such compositions that are physiologically tolerable
and do not typically produce untoward reactions when administered to a subject (e.g., a mammal
such as a human).

The term “amino acid” refers to any naturally occurring amino acid capable of participating
in the synthesis of peptides and proteins. For ease of drafting, the amino acid will frequently be
written without its stereo-configuration, although it will be understood that the amino acid should
be present as its naturally occurring stereoisomer. In the formulations of the present invention,
amino acids can be present as the free base, as the hydrochloride salt, or as another suitable salt.

“Bioequivalence” means the absence of a significant difference in the rate and extent to
which the active ingredient or active moiety in pharmaceutical equivalents or pharmaceutical

alternatives become available at the site of drug action when administered at the same molar dose
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under similar conditions in an appropriately designed study. Area under the curve (AUC)
bioequivalence means that the mean AUC of a test product is from 80% to 125% of the mean AUC
of a reference product in a suitably designed cross-over trial, over a time period of 300 minutes,
420 minutes, or extrapolated to infinity.

The term “formulation” refers to a finished or semi-finished combination of pharmaceutical
or medical food or food ingredients, including both active ingredients and inactive excipients or
additives. The term refers to in-process formulations, finished formulations, and formulations
packaged as a final unit dose.

The term “modified release” refers to any pharmaceutical formulation in which the release
rate is intentionally altered to achieve a desired therapeutic or pharmacokinetic response. The term
thus includes extended release formulations, in which the release of the drug is extended over time,
or a release rate that is independent of the pH of the surrounding environment. The term also
includes delayed release formulations, where the release of active ingredient from the formulation
(or a portion thereof) is delayed to occur after the initial ingestion. A delayed release formulation
is typically designed so that release occurs predominantly once the formulation reaches the small

intestine.
Discussion

The invention is described in terms of principal embodiments and subembodiments, and it
will be understood that the principal embodiments can be combined to define other principal
embodiments, that the subembodiments can be combined to define additional subembodiments,
and that the subembodiments and combinations of subembodiments can be combined with all of
the principal embodiments to define further embodiments of the present invention. The ability to
combine embodiments and subembodiments is limited only by what is mathematically or
physically impossible.

Thus, in a first principal embodiment, the invention provides a method of treating or
preventing elevated amino acid concentrations in a subject on a restricted protein diet
supplemented by oral amino acids comprising administering to said subject a therapeutically
effective amount of a modified release amino acid formulation, thereby prolonging the release of

said oral amino acids and mimicking the metabolism of natural proteins by said amino acids.

10
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In a second principal embodiment the invention provides a method of treating or preventing
elevated phenylalanine concentrations or fluctuations in a subject on a restricted protein diet
supplemented by oral amino acids comprising administering to said subject a therapeutically
effective amount of a modified release amino acid formulation, thereby prolonging the release of
said oral amino acids and mimicking the metabolism of natural proteins by said amino acids.

In a third principal embodiment the invention provides a method of treating or preventing
muscle proteolysis manifesting as weight or muscle loss or elevated BUN or urea concentrations
in a subject on a restricted protein diet supplemented by oral amino acids comprising administering
to said subject a therapeutically effective amount of a modified release amino acid formulation,
thereby prolonging the release of said oral amino acids and mimicking the metabolism of natural
proteins by said amino acids.

In a fourth principal embodiment the invention provides a method of treating or preventing
elevated BUN or urea concentrations in a subject on a restricted protein diet supplemented by oral
amino acids comprising administering to said subject a therapeutically effective amount of a
modified release amino acid formulation, thereby prolonging the release of said oral amino acids
and mimicking the metabolism of natural proteins by said amino acids.

In a fifth principal embodiment the invention provides a method of stabilizing glucose
levels and reducing insulin levels in a subject on a restricted protein diet supplemented by oral
amino acids comprising administering to said subject a therapeutically effective amount of a
modified release amino acid formulation, thereby prolonging the release of said oral amino acids
and mimicking the metabolism of natural proteins by said amino acids.

In a sixth principal embodiment the invention provides a method of stabilizing tyrosine
absorption in a subject on a restricted protein diet supplemented by oral amino acids comprising
administering to said subject a therapeutically effective amount of the formulation of an amino
acid formulation comprising granulated particles of tyrosine and alginic acid or a pharmaceutically
acceptable salt thereof, uncoated by a modified release coating.

In a seventh principal embodiment the invention provides a method of normalizing one or
more metabolic markers selected from plasma insulin, plasma glucose, blood urea nitrogen, urine
urea nitrogen, and plasma phenylalanine in a subject on a restricted protein diet supplemented by

oral amino acids comprising administering to said subject a therapeutically effective amount of a
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modified release amino acid formulation, thereby prolonging the release of said oral amino acids

and mimicking the metabolism of natural proteins by said amino acids.

Discussion of Subembodiments

In various embodiments the elevated amino acid or phenylalanine concentrations manifest
in an unhealthy condition or have the potential to manifest in an unhealthy condition and the
administration of the modified release amino acids treat or prevent the unhealthy condition,
particularly in patients suffering from unhealthy phenylalanine concentrations. Thus, in one
subembodiment the elevated phenylalanine concentrations manifest as a condition selected from
an intellectual disability, anxiety, depression, an executive functioning deficit, a cognitive deficit,
areduced intelligence quotient, seizures, delayed development, behavioral problems, a psychiatric
disorder, unstable moods, inability to focus, tremors, information processing delays, memory
deficits, body protein deficits, height deficits, bone loss, muscle weakness, gait disorders,
decreased energy, or lethargy, and the modified release amino acids treat or prevent the condition.
In another subembodiment the elevated amino acid concentrations manifest as a condition selected
from weight or muscle loss or elevated BUN or urea concentrations and the modified release amino
acids treat or prevent the condition. In still another subembodiment the elevated amino acid
concentrations manifest as a condition selected from unstable glucose or elevated insulin levels
and the modified release amino acids treat or prevent the condition.

The methods and formulations are particularly useful for supplementing individuals with
inborn errors of metabolism with special dietary needs for amino acids. Thus, in some
embodiments the subject suffers a metabolic disorder selected from the group consisting of
phenylketonuria, tyrosinemia, leucinosis, methylmalonic acidemia, homocystinuria,
hyperglycinemia, isovaleric acidemia, propionic acidemia, and glutamic acidemia, in a subject in
need thereof. In other embodiments the subject has chronic kidney disease, liver disease, diabetes,
cardiovascular disease, sarcopenia, cachexia, or low plasma albumin (>3.5 g/L!), or the subject is
recovering from neurosurgery, or the subject is in need of increased muscle mass for sporting
activities, or the subject is involved in another activity where amino acid supplementation is
desired.

In still further subembodiments the subject has PKU selected from one of three severities:

12
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» classic PKU, defined as a phenylalanine concentration of greater than 1200
micromole/L. (20 mg/dL), and the modified release amino acid formulation lacks
phenylalanine.

» mild PKU, defined as a phenylalanine concentration of from 600 to 1200 micromole/L
(from 10 to 20 mg/dL), and the modified release amino acid formulation lacks
phenylalanine.

» mild hyperphenylalaninemia, defined as a phenylalanine concentration of from 300 to
600 micromole/L (from 5 to 10 mg/dL), and the modified release amino acid
formulation lacks phenylalanine.

Daily regimens of amino acids balanced in relative amounts to meet the physiological
needs of said subject typically comprise from 0.8 to 1.35 g/kg/day in the formulations of the present
invention. Subjects can be divided into 3 weight & energy categories as follows: 55-65.4 kg body
weight subjects preferably receive 24 g amino acids (dose) corresponding to 20.0 g protein
equivalents thrice daily; 65.5-75.4 kg body weight subjects preferably receive 28 g amino acids
(dose) corresponding to 23.3 g protein equivalents thrice daily; 75.5-85 kg body weight subjects
preferably receive 32 g amino acids (dose) corresponding to 26.6 g protein equivalents thrice daily.

In one subembodiment the amino acid formulation comprises as amino acids 5, 10, or all
of the following amino acids: 0.47 to 0.97 weight parts of L-alanine, 0.66 to 1.26 weight parts of
L-arginine, 1.04 to 1.84 weight parts of L-aspartic acid, 0.28 to 0.68 weight parts of L-cystine, 4.1
to 5.6 weight parts of L-glutamine, 0.9 to 1.5 weight parts of L-glycine, 0.5 to 0.85 weight parts
of L-histidine, 1.0 to 1.65 weight parts of L-isoleucine, 2.25 to 3.25 weight parts of L-leucine, 1.45
to 2.0 weight parts of L-lysine, 0.23 to 0.43 weight parts of L-methionine, 0.0000 weight parts of
L-phenylalanine, 1.2 to 1.8 weight parts of L-proline, 0.6 to 1.1 weight parts of L-serine, 0.9t0 1.6
weight parts of L-threonine, 0.35 to 0.65 weight parts of L-tryptophan, 2.0 to 3.0 weight parts of
L-tyrosine, and 0.9 to 1.6 weight parts of L-valine.

In another subembodiment the amino acid formulation comprises 0.7200 weight parts of
L-alanine, 0.9600 weight parts of L-arginine, 1.4400 weight parts of L-aspartic acid, 0.4800 weight
parts of L-cystine, 4.8000 weight parts of L-glutamine, 1.2000 weight parts of L-glycine, 0.6710
weight parts of L-histidine, 1.3200 weight parts of L-isoleucine, 2.7600 weight parts of L-leucine,
1.6800 weight parts of L-lysine, 0.3334 weight parts of L-methionine, 1.4400 weight parts of L-
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proline, 0.8134 weight parts of L-serine, 1.2000 weight parts of L-threonine, 0.4800 weight parts
of L-tryptophan, 2.400 weight parts of L-tyrosine, and 1.2000 weight parts of L-valine.

In one subembodiment the method and formulation produces: (a) an amino acid
pharmacokinetic profile substantially as depicted in figure 6 ; and/or (b) an amino acid Cpax of less
than 4400, 4300, 4200, 4100, 4000, 3900, 3800, 3700, or 3600 uM. The pharmacokinetics are
preferably observed from a single administration of 24.0 g of amino acids to a 60 kg subject.

In still another subembodiment the formulation comprising as amino acids 0.7200 g of L-
alanine, 0.9600 g of L-arginine, 1.4400 g of L-aspartic acid, 0.4800 g of L-cystine, 4.8000 g of L-
glutamine, 1.2000 g of L-glycine, 0.6710 g of L-histidine, 1.3200 g of L-isoleucine, 2.7600 g of
L-leucine, 1.6800 g of L-lysine, 0.3334 g of L-methionine, 0.0000 g of L-phenylalanine, 1.4400 g
of L-proline, 0.8134 g of L-serine, 1.2000 g of L-threonine, 0.4800 g of L- tryptophan, 2.400 g of
L-tyrosine, and 1.2000 g of L-valine, produces: (a) an amino acid pharmacokinetic profile
substantially as depicted in figure 6; and/or (b) an amino acid Cuax of less than 4400, 4300, 4200,
4100, 4000, 3900, 3800, 3700, or 3600 mM. The pharmacokinetics are preferably observed from
a single administration of 24.0 g of amino acids to a 60 kg subject.

In another subembodiment (a) said modified release amino acids produce a maximum
concentration of total amino acids in blood following oral administration of at least 20% less than
the maximum concentration of total amino acids in blood following oral administration of an equal
quali-quantitative dose of immediate release amino acids; and or (b) said modified release amino
acids produce an area under the curve (AUC) of total amino acids in blood following oral
administration bioequivalent to the AUC produced by oral administration of an equal quali-
quantitative dose of immediate release amino acids. The pharmacokinetics are preferably observed
from a single administration of 24.0 g of amino acids to a 60 kg subject.

In another subembodiment the amino acid formulation comprises as essential amino acids
4,7, or all of the following amino acids: 0.66 to 1.26 weight parts of L-arginine, 0.5 to 0.85 weight
parts of L-histidine, 1.0 to 1.65 weight parts of L-isoleucine, 2.25 to 3.25 weight parts of L-leucine,
1.45 to 2.0 weight parts of L-lysine, 0.23 to 0.43 weight parts of L-methionine, 0.9 to 1.6 weight
parts of L-threonine, 0.35 to 0.65 weight parts of L-tryptophan, 2.0 to 3.0 weight parts of L-
tyrosine, and 0.9 to 1.6 weight parts of L-valine.

In still another subembodiment the amino acid formulation comprises as essential amino

acids 0.6710 weight parts of L-histidine, 1.3200 weight parts of L-isoleucine, 2.7600 weight parts
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of L-leucine, 1.6800 weight parts of L-lysine, 0.3334 weight parts of L-methionine, 1.2000 weight
parts of L-threonine, 0.4800 weight parts of L-tryptophan, 1.2000 weight parts of L-valine, 0.9600
weight parts of L-arginine, and 2.400 weight parts of L-tyrosine.

In another subembodiment the formulation produces: (a) an essential amino acid
pharmacokinetic profile substantially as depicted in figure 2; and/or (b) an essential amino acid
Cumax of less than 2300, 2200, 2100, 2000, 1900, or 1800 pM. The pharmacokinetics are preferably
observed from a single administration of 24.0 g of amino acids including 13.00 g of essential amino
acids to a 60 kg subject.

In another subembodiment a formulation comprising as essential amino acids 0.6710 g of
L-histidine, 1.3200 g of L-isoleucine, 2.7600 g of L-leucine, 1.6800 g of L-lysine, 0.3334 g of L-
methionine, 1.2000 g of L- threonine, 0.4800 g of L- tryptophan, 1.2000 g of L-valine, 0.9600 g
of L-arginine, and 2.400 g of L-tyrosine produces: (a) an essential amino acid pharmacokinetic
profile substantially as depicted in figure 2; and/or (b) an essential amino acid Cmax of less than
2300, 2200, 2100, 2000, 1900, or 1800 uM. The pharmacokinetics are preferably observed from a
single administration of 24.0 g of amino acids including 13.00 g of essential amino acids to a 60
kg subject.

In another subembodiment (a) said modified release amino acids produce a maximum
concentration of essential amino acids in blood following oral administration of at least 20% less
than the maximum concentration of essential amino acids in blood following oral administration
of an equal quali-quantitative dose of immediate release essential amino acids; and or (b) said
modified release amino acids produce an area under the curve (AUC) of essential amino acids in
blood following oral administration bioequivalent to the AUC produced by oral administration of
an equal quali-quantitative dose of immediate release essential amino acids. The pharmacokinetics
are preferably observed from a single administration of 24.0 g of amino acids including 13.00 g of
essential amino acids to a 60 kg subject.

In another subembodiment the formulation comprises as large neutral amino acids 3, 5, or
all of the following amino acids: 0.5 to 0.85 weight parts of L-histidine, 1.0 to 1.65 weight parts
of L-isoleucine, 2.25 to 3.25 weight parts of L-leucine, 0.23 to 0.43 weight parts of L-methionine,
0.9 to 1.6 weight parts of L-threonine, 0.35 to 0.65 weight parts of L-tryptophan, 2.0 to 3.0 weight
parts of L-tyrosine, and 0.9 to 1.6 weight parts of L-valine.
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In still another subembodiment the formulation comprises as large neutral amino acids
0.6710 weight parts of L-histidine, 1.3200 weight parts of L-isoleucine, 2.7600 weight parts of L-
leucine, 0.3334 weight parts of L-methionine, 1.200 weight parts of L-threonine, 0.4800 weight
parts of L-tryptophan, 1.200 weight parts of L-valine, and 2.400 weight parts of L-tyrosine.

In another subembodiment the formulation produces: (a) a large neutral amino acid
pharmacokinetic profile substantially as depicted in figure 4; and/or (b) a large neutral amino acid
Cmax of less than 1700, 1600, 1500, 1400, or 1300 uM. The pharmacokinetics are preferably
observed from a single administration of 24.0 g of amino acids including 10.36 g of large neutral
amino acids to a 60 kg subject.

In another subembodiment the formulation comprising as large neutral amino acids 0.6710
g of L-histidine, 1.3200 g of L-isoleucine, 2.7600 g of L-leucine, 0.3334 g of L-methionine, 1.200
g of L-threonine, 0.4800 g of L-tryptophan, 1.200 g of L-valine, and 2.400 g of L-tyrosine
produces: (a) a large neutral amino acid pharmacokinetic profile substantially as depicted in figure
4; and/or (b) a large neutral amino acid Cmax of less than 1700, 1600, 1500, 1400, or 1300 uM. The
pharmacokinetics are preferably observed from a single administration of 24.0 g of amino acids
including 10.36 g of large neutral amino acids to a 60 kg subject.

In another subembodiment (a) said modified release amino acids produce a maximum
concentration of large neutral amino acids in blood following oral administration of at least 20%
less than the maximum concentration of large neutral amino acids in blood following oral
administration of an equal quali-quantitative dose of immediate release large neutral amino acids;
and/or (b) said modified release amino acids produce an area under the curve (AUC) of large
neutral amino acids in blood following oral administration bioequivalent to the AUC produced by
oral administration of an equal quali-quantitative dose of large neutral immediate release amino
acids. The pharmacokinetics are preferably observed from a single administration of 24.0 g of
amino acids including 10.36 g of large neutral amino acids to a 60 kg subject.

In another subembodiment the amino acid formulation comprises as branched chain amino
acids 1, 2 or all of the following amino acids: 1.0 to 1.65 weight parts of L-isoleucine, 2.25 to 3.25
weight parts of L-leucine, and 0.9 to 1.6 weight parts of L-valine. In still another subembodiment
the amino acid formulation comprises as branched chain amino acids 1.200 weight parts of L-

valine, 2.7600 weight parts of L-leucine, and 1.3200 weight parts of L-isoleucine.
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In another subembodiment the formulation produces: (a) a branched chain amino acid
pharmacokinetic profile substantially as depicted in figure 5; and/or (b) a branched chain amino
acid Cuax of less than 1100, 1000, 900, 800, or 700 uM. The pharmacokinetics are preferably
observed from a single administration of 24.0 g of amino acids including 5.28 g of branched chain
amino acids to a 60 kg subject.

In another subembodiment the formulation comprising as branched chain amino acids
1.200 g of L-valine, 2.7600 g of L-leucine, and 1.3200 g of L-isoleucine produces: (a) a branched
chain amino acid pharmacokinetic profile substantially as depicted in figure 5; and/or (b) a
branched chain amino acid Cumax of less than 1100, 1000, 900, 800, or 700 uM. The
pharmacokinetics are preferably observed from a single administration of 24.0 g of amino acids
including 10.36 g of large neutral amino acids to a 60 kg subject.

In another subembodiment: (a) said modified release amino acids produce a maximum
concentration of branched chain amino acids in blood following oral administration of atleast 20%
less than the maximum concentration of branched chain amino acids in blood following oral
administration of an equal quali-quantitative dose of immediate release branched chain amino
acids; and/or (b) said modified release amino acids produce an area under the curve (AUC) of
branched chain amino acids in blood following oral administration bioequivalent to the AUC
produced by oral administration of an equal quali-quantitative dose of branched chain immediate
release amino acids. The pharmacokinetics are preferably observed from a single administration
of 24.0 g of amino acids including 10.36 g of large neutral amino acids to a 60 kg subject.

In other subembodiments the formulation comprises one, all or any combination of amino
acids selected from L-alanine, L-arginine, L-aspartic acid, L-cystine, L-glutamine, L-glycine, L-
histidine, L-isoleucine, L-leucine, L-lysine, L-methionine, L-proline, L-serine, L-threonine, L-
tryptophan, L-tyrosine, and L-valine.

In other subembodiments the formulation comprises one, all or any combination of
essential amino acids selected from L-histidine, L-isoleucine, L-leucine, L-lysine, L-methionine,
L-threonine, L-tryptophan, L-valine, L-arginine, and L-tyrosine.

In other subembodiments the formulation comprises one, all or any combination of large
neutral amino acids selected from L-isoleucine, L-leucine, L-methionine, L-threonine, L-

tryptophan, L-valine, L-tyrosine, and L-histidine
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In other subembodiments the formulation comprises one, all or any combination of

branched chain amino acids selected from L-valine, L-leucine, and L-isoleucine.
Final Formulation

In one subembodiment the formulation comprises granulates of amino acids coated by one
or more release modifying excipients, also referred to herein as “coating means for retarding the
amino acid release rate,” or “coating means for achieving the recited release rate.” The granulates
can be made by wet or dry granulation techniques, as discussed above, but they are preferably
made by wet granulation. They are also preferably confined to a particular size range, such as 0.1
-3 mm, 0.5-2.0 mm, 0.5-1.0 mm, 0.5-2.0 mm, or 1.0-2.0 mm. Each amino acid can be contained
within its own granulate, but the modified release amino acids are preferably mixed within the
granulates.

The modified release properties are preferably achieved with a suitable release modifying
coating or coatings applied to the granulate, in an amount of from 1 wt% to 30 wt%, or from 5
wt% to 25 wt% based on the weight of the amino acids. Suitable release retarding excipients for
the coating include ethylcellulose, glyceryl dibehenate, cellulose acetate, vinyl acetate/vinyl
chloride copolymers, acrylate/methacrylate copolymers, polyethylene oxide, hydroxypropyl
methylcellulose, carrageenan, alginic acid and salts thereof, hydroxyethyl cellulose,
hydroxypropyl cellulose, karaya gum, acacia gum, tragacanth gum, locust bean gum, guar gum,
sodium carboxymethyl cellulose, methyl cellulose, beeswax, carnauba wax, cetyl alcohol,
hydrogenated vegetable oils, stearyl alcohol, acrylic acid copolymers, sodium alginate,
carrageenan, alginic acid, pectin, sodium carboxymethyl cellulose, or a combination thereof.

One preferred composition comprises granulated particles having one of the foregoing size
ranges and a coating of from 1 wt% to 15 wt%, from 2 wt% to 10 wt%, or from 5 wt% to 7.5 wt%
ethylcellulose based on the weight of the amino acids. Another preferred composition comprises
granulated particles having one of the foregoing size ranges and a first coating of ethylcellulose
(as described above) and a second coating of from 5% to 15% or about 10 wt.% glyceryl dibehenate
based on the weight of the amino acids.

In other subembodiments the formulation comprising 2 g of the modified release amino

acids releases no more than 70% or 60% or 50% of the modified release amino acids in 30 minutes
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of dissolution testing performed in a <711 > USP 39 NF 34, paddle apparatus, at 37 °C, in 450 or
500 mL, 0.1 N hydrochloric acid (pH 1.2), paddle speed 50 rpm.

In other subembodiments the modified release amino acids are present in particles
comprising a binder selected from polyvinyl pyrrollidone, starch, methylcellulose, hydroxypropyl
methylcellulose, carboxymethyl cellulose, sucrose solution, dextrose solution, guar gum, xanthan
gum, acacia, tragacanth, locust bean gum and sodium alginate, or an alginic acid salt, preferably
sodium alginate or another salt of alginic acid. In other subembodiments the modified release
amino acids are present in particles comprising a modified release coating comprising
ethylcellulose or a combination of ethylcellulose and diglyceryl dibehenate.

In other subembodiments the modified release amino acids are present in particles
comprising: (a) a binder selected from sodium alginate or a salt of alginic acid; and (b) a modified
release coating comprising ethylcellulose or a combination of ethylcellulose and diglyceryl
dibehenate. In other subembodiments the formulation further comprises granulated particles of
tyrosine uncoated by a modified release coating, having a binder selected from alginic acid and
salts thereof.

The formulations of the present invention can also comprise other nutritional additives.
Thus, in another subembodiment the formulation further comprises one or more additional
ingredients selected from the group consisting of: (a) vitamins, minerals and carbohydrates; or (b)
choline, inositol, vitamin A, vitamin D, vitamin E, vitamin K, vitamin C, thiamin, riboflavin,
niacin, vitamin B6, folate, vitamin B12, biotin, pantothenic acid, potassium, calcium, magnesium,
iron, zinc, copper, manganese, selenium, chromium, molybdenum, iodine, sodium, sulfur,
phosphorus, docosahexaenoic acid, eicosapentaenoic acid, arachidonic acid, and lutein, and salts,
chelates, esters and other derivatives thereof.

The formulations can also include other functional excipients to support the integrity ofn
the dosage form. Thus, in still further subembodiments the formulation further comprises:

a) a bulking agent selected from lactose, sucrose, dextrose, sorbitol, fructose, and
cellulose powder;

b) a disintegrating agent selected from microcrystalline cellulose, starches,
crospovidone, sodium starch glycolate, and crosscarmellose sodium;

c) a glidant or lubricant selected from talc, corn starch, silicon dioxide, sodium lauryl

sulfate, magnesium stearate, calcium stearate, sodium stearate, stearic acid, sodium stearyl
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fumarate, hydrogenated cotton seed oil, talc, waxes, cetyl alcohol, glyceryl stearate, glyceryl
palmitate, glyceryl behenate, hydrogenated vegetable oils, and stearyl alcohol;

d) a taste-masking agent selected from cellulose hydroxypropyl ethers (HPC); low-
substituted hydroxypropyl ethers (L-HPC); cellulose hydroxypropyl methyl ethers (HPMC);
methylcellulose polymers; Ethylcelluloses (EC) and mixtures thereof, Polyvinyl alcohol (PVA);
hydroxyethylcelluloses; carboxymethylcelluloses and salts of carboxymethylcelluloses (CMC);
polyvinyl alcohol and polyethylene glycol co-polymers; monoglycerides, triglycerides,
polyethylene glycols, modified food starch, acrylic polymers and mixtures of acrylic polymers
with cellulose ethers; cellulose acetate phthalate; sepifilms such as mixtures of HPMC and stearic
acid, cyclodextrins, and mixtures thereof; and/or

e) a flavoring agent selected from acacia syrup, acesulfame K, alitame, anise, apple,
aspartame, banana, Bavarian cream, berry, black currant, butterscotch, calcium citrate, camphor,
caramel, cherry, cherry cream, chocolate, cinnamon, bubble gum, citrus, citrus punch, citrus
cream, cotton candy, cocoa, cola, cool cherry, cool citrus, cyclamate, cylamate, dextrose,
eucalyptus, eugenol, fructose, fruit punch, ginger, glycyrrhetinate, glycyrrhiza (licorice) syrup,
grape, grapefruit, honey, isomalt, lemon, lime, lemon cream, monoammonium glyrrhizinate,
maltol, mannitol, maple, marshmallow, menthol, mint cream, mixed berry, neohesperidine DC,
neotame, orange, pear, peach, peppermint, peppermint cream, raspberry, root beer, rum, saccharin,
safrole, sorbitol, spearmint, spearmint cream, strawberry, strawberry cream, stevia, sucralose,
sucrose, sodium saccharin, saccharin, aspartame, neotame, acesulfame potassium, mannitol, talin,
xylitol, sucralose, sorbitol, swiss cream, tagatose, tangerine, thaumatin, tutti fruitti, vanilla, walnut,
watermelon, wild cherry, wintergreen, xylitol, or a combination thereof.

The formulation can be present as any suitable oral dosage form, but is preferably a dosage
form selected from a tablet, a pill, a soft or hard gelatin capsules, a powder, a granulate, a
microsphere, a lozenge, a sachet of packaged powders or granulates or microspheres, an elixir, a
suspension, an emulsion, a chewable tablet, or a syrup.

In still another principal embodiment the invention provides an amino acid formulation
comprising granulated particles of tyrosine and alginic acid or a pharmaceutically acceptable salt

thereof, uncoated by a modified release coating.

EXAMPLES
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In the following examples, efforts have been made to ensure accuracy with respect to
numbers (e.g., amounts, temperature, etc.) but some errors and deviations should be accounted for.
The following examples are put forth so as to provide those of ordinary skill in the art with a
complete disclosure and description of how the methods claimed herein are made and evaluated,
and are intended to be purely exemplary of the invention and are not intended to limit the scope of

what the inventors regard as their invention.

EXAMPLE 1. COMPARATIVE BIOAVAILABILITY OF AMINO ACIDS AFTER ORAL INTAKE OF THREE
PHENYLALANINE-FREE AMINO ACID MIXTURES - ONE WITH A MODIFIED- RELEASE
TECHNOLOGY- AND CASEIN PROTEIN AS A POSITIVE CONTROL.

Generic name of the investigational product (Test Product”): “APR-1301-01 modified-
release amino acid mixture”, a modified-release phenylalanine-free synthetic amino acid mixture
containing 17 amino acids, carnitine, taurine, vitamins, minerals, other nutrients, and food
additives. The modified-release mixture is based on the proprietary technology described herein
that provides amino acid modified-release coated granules to be suspended in water.

Study Design: A four-way, randomized, controlled, single-blind, crossover, single-dose
clinical trial in healthy volunteers.

Aim of the Study: The principal aim of this bioavailability study in healthy volunteers is to

demonstrate that the absorption profile of amino acids from the Test Product into the bloodstream
is different from that observed with an immediate-release free amino acid mixture (APR-1301-01
immediate-release amino acid mixture) (Reference Product) and tends to be more similar to that
of a food protein (Casein), used as a positive control. A marketed phenylalanine-free synthetic
amino acid mixture containing amino acids plus vitamins, minerals and other nutrients was used
as a reference for a rapid/high absorption of amino acids into the bloodstream.

Primary objective: To compare the absorption profile of essential amino acids (EAAs)*

after oral intake of the Test Product versus the Reference Product over time. Study hypothesis is
that the Test Product reaches statistically significant lower peak plasma concentrations of EAAs
and is bioequivalent in terms of area under the concentration-time curve for EAAs during the first
5 hours (AUCo.300min) in comparison to the Reference Product.

* Essential amino acids: L-histidine, L-isoleucine, L-leucine, L- lysine, L-methionine, L-
threonine, L-tryptophan, L- valine, L-arginine, and L-tyrosine. Despite normally not being

considered an essential amino acid, tyrosine is included as an EAA in individuals with PKIJ.

21

Date Recue/Date Received 2023-03-09



Arginine (and tyrosine as well) is added as it is required by infants and growing children. If it is
not introduced through diet it will not be available for protein synthesis. Phenylalanine is not
counted as it is not contained in APR-1301-01 amino acid mixtures.

Secondary objectives:

- To compare the absorption profile of large neutral (LNAAs)**, branched-chain
(BCAAs)*** individual**** and total amino acids**** after oral intake of the Test Product
versus the Reference Product, up to 420 min (7 hours).

- To compare the Test Product to a Marketed Product and Casein, and to compare
the Reference Product to the Marketed Product and Casein, in terms of absorption profile of amino
acids (EAAs, LNAAs** BCAAs*** individual**** and total amino acids****) up to 420 min,
as a secondary statistical analysis.

- To explore additional “efficacy” parameters to evaluate the effects of the different
dietary amino acid intakes (Test Product versus Reference Product, Casein and Marketed Product)
on the ways amino acids can modify glucose and insulin homeostasis, amino acids are used at
tissue levels (anabolic/catabolic pathways).

** LNAAs: L-isoleucine, L-leucine, L-methionine, L-threonine, L-tryptophan, L-valine,
L-tyrosine, L-histidine. Phenylalanine is not counted as it is not contained in APR-1301-01 amino
acid mixtures.

*** BCAAs: L-valine, L-leucine, and L-isoleucine. These three amino acids do not
undergo first pass metabolism in the liver and thus are most representative of the real absorption
of amino acids from the intestine into the bloodstream.

*¥%% Total amino acids/individual amino acids include 16 (out of 17) amino acids that are
contained in the Test Product, the Reference Product and the Product from the market, i.e.: L-
histidine, L-isoleucine, L-leucine, L- methionine, L-threonine, L-tryptophan, L-valine, L-lysine,
L-tyrosine®, L-arginine**, L-alanine, L-aspartic acid, L-glutamine, glycine, L-proline, and L-
serine. L-cystine (the oxidized dimer form of the amino acid cysteine) was not evaluated as it is
very instable in plasma samples.

Study products & study population

The Test Product is a new phenylalanine-free synthetic amino acid mixture containing 17
amino acids plus vitamins, minerals, other nutrients and food additives. It has been developed with

the aim of modifying the release of amino acids from the formulation in order to mimic more
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closely the physiological absorption of amino acids from natural protein intake from food. A
modified-release technology allowed the production of amino acid modified-release coated
granules to be suspended in water. A manufacturing flow sheet for the Test Product is given as
Figure 1.

The Reference Product is an immediate-release phenylalanine-free amino acid mixture
containing 17 amino acids, vitamins, minerals, other nutrients and food additives, like the Test
Product.

The Test Product and the Reference Product contain amino acids/vitamins/minerals/other
nutrients/food additives in the same qualitative-quantitative composition. The only difference
between them is the application of the coating layer in the Test Product that is able to modify the
release of amino acids from the formulation and, therefore, the in vivo absorption is expected to
be modified.

Positive control (Casein): Casein is a milk protein with the ability to form a gel or clot in

the stomach. Casein is commonly classified as a slow-release protein, as it is the typical example
of a protein that provides a physiological absorption of amino acids into the bloodstream. Food-
grade casein (Acid Casein 80 MESH, A.C.E.F., Italy) was chosen as a positive control in this
study.

Negative control (Marketed Product): A phenylalanine- free synthetic amino acid mixture
containing 17 amino acids plus vitamins, minerals and other nutrients, available from the market
for the dietary management of subjects with phenylketonuria or hyperphenylalaninemia, was
selected. The Marketed Product was chosen among other products available on the market in view
of its closer similarity with APR-1301-01 modified-release amino acid mixture in terms of
qualitative- quantitative composition of amino acids (especially in terms of EAAs and LNAAs),
low content of carbohydrates and absence of fats. It is the reference for a fast absorption of amino
acids (with expected high peak concentrations of amino acids) into the bloodstream and acts as a
negative control in the study.

The amino acid content in the compositions used in the study is described in Table 1:

23

Date Recue/Date Received 2023-03-09



Table 1: Amino Acid Content of Formulations Used in Study

Positive Control Test Product Marketed Product

amino acids gamino |amino acids | g of amino |amino acids | g of amino | amino acids

acidsin |in23.8 gof |acidsin 100| in32g |acidsin100| in294 g

100 g of casein g of powder gof powder

casein product product
Alanine 2.64 0.6283 2.250 0.7200 3.1 09114
Arginine 3.26 0.7759 3.00 0.9600 2.7 0.7938
Aspartic acid 6.38 1.5184 4.500 1.4400 7.6 22344
Cystine 0.312 0.0743 1.500 0.4800 1.8 0.5292
Glutamine 19.7 4.6886 15.000 4.8000 16 4.7040
Glycine 1.7 0.4046 3.750 1.200 1.8 0.5292
Histidine 2.48 0.5902 2.097 0.6710 1.8 0.5292
Isoleucine 422 1.0044 4.125 1.3200 4.5 1.3230
Leucine 8.16 1.9421 8.625 2.7600 7.6 22344
Lysine 6.89 1.6398 5.250 1.6800 5.4 1.5876
Methionine 2.56 0.6093 1.042 0.3334 1.8 0.5292
Phenylalanine 4.6 1.0948 0 0.0000 0 0.0000
Proline 9.44 2.2467 4.500 1.4400 7.1 2.0874
Serine 5.35 1.2733 2.542 0.8134 4 1.1760
Threonine 3.88 0.9234 3.750 1.2000 3.6 1.0584
Tryptophan 1.21 0.2880 1.500 0.4800 1.4 04116
Tyrosine 4.93 1.1733 7.500 2.4000 6 1.7640
Valine 5.46 1.2995 3.750 1.2000 54 1.5876
Total 93.17 22.17 74.68 24.0 81.60 23.99

Number of subjects (planned): 32 randomized subjects (16 males + 16 females) in order to

assure 24 evaluable subjects.

Inclusion criteria: Males and females aged 18-45 years (limits included); Weight (kg)

within the range of 55-85 kg and body mass index (BMI) < 30 kg/m? Willing and able to

understand and sign the written informed consent form; Willing to consume medical nutrition

products, specifically amino acid preparations (L-amino acids/protein substitutes), and to follow

the dietary scheme as required by the protocol; Good general health status, as documented by

normal findings in the medical history, physical examination, 12-lead ECG, vital signs (body

temperature, systolic and diastolic blood pressure, heart rate after a 3-min rest), laboratory

parameters. Values for the laboratory parameters will be compared with normal ranges from the

laboratory. Parameters out of these normal ranges will be carefully evaluated by the Investigator
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who will decide whether to consider them “clinically not relevant” or “clinically relevant” for the
current study; Non-smokers or not current smokers.

Doses of study products: Each study product will be administered in single dose, orally.

For the three amino acid mixtures (Test Product, Reference Product and Marketed Product), the
total amount of amino acids will be of 0.4 g amino acid/kg body weight. Doses of each study
product (grams of product to give) will be calculated on the basis of the total grams of amino acids
(or protein, for casein)/100 grams of each finished product and the subject’s body weight.

Subjects will be divided in 3 weight & energy categories as follows: 55-65.4 kg body
weight - 24 g amino acids (dose) equals to 20.0 g protein equivalents; 65.5-75.4 kg body weight -
28 g amino acids (dose) equals to 23.3 g protein equivalents; 75.5-85 kg body weight - 32 g amino
acids (dose) equals to 26.6 g protein equivalents.

Study description

In addition to the screening visit, the trial will consist of 4 study visits corresponding to 4
test days (Test Day 1, Test Day 2, Test Day 3, and Test Day 4) in which the study products are
given to subjects in a randomized order. A total of 3 washout periods are foreseen: between Test
Day 1 and Test Day 2 (Washout 1), between Test Day 2 and Test Day 3 (Washout 2), and between
Test Day 3 and Test Day 4 (Washout 3). Each washout period will last from a minimum of 9 days
to a maximum of 14 days. The total duration of the study for each subject will be of approximately
38-70 days (including 7-14 days of screening period, 4 test days, 3 washout periods each lasting
9-14 days, and the follow-up visit after a few days from the last study visit, in case it is required).
The total amount of blood taken during the whole trial from each subject will be of 475 mL,
including the screening visit, corresponding to the typical amount of blood taken during a blood
donation.

Study endpoints

Primary kinetic endpoints: Rate of absorption (i.e. Cmax) of EAAs after oral intake of the

Test Product versus the Reference Product to demonstrate that the Cnax of EAAs from the Test
Product is statistically significantly inferior to that from the Reference Product of at least 20%. If
the above primary hypothesis is reached, further analysis will be performed to demonstrate that
the Test Product is at least equivalent (equivalent or superior) to the Reference Product in terms of

extent of absorption during the first 5 hours after the intake (AUCo-300min) for EAAs. Thus, AUCo.
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300min has to be within the bioequivalence range (or out for the upper limit). Thus, In-transformed
AUC-300min ratio should produce 90% confidence intervals (CIs) in the range 0.80-1.25 (or>1.25).
Secondary kinetic endpoints: Cmax of LNAAs, BCAAs, total amino acids and individual

amino acids after oral intake of the Test Product versus the Reference Product; AUCo-300min Of
LNAAs, BCAAs, total amino acids and individual amino acids after oral intake of the Test Product
versus the Reference Product; AUCo-150min; AUC150-300min; AUC300-420min and AUCo-420min Of EAAS,
LNAAs, BCAAs, total amino acids and individual amino acids after oral intake of the Test Product
versus the Reference Product; Time to peak (tmax), of EAAs, LNAAs, BCAAs, total amino acids
and individual amino acids after oral intake of the Test Product versus the Reference Product;
Plasma concentration at the last evaluable time point before the snack meal (Csoomin) and at the last
evaluable time point after the snack meal (Cszomin) of EAAs, LNAAs, BCAAs, total amino acids
and individual amino acids after oral intake of the Test Product versus the Reference Product.

The comparison between the Test Product and the Reference Product will represent the
primary comparison, from a statistical point of view.

As a secondary statistical analysis, Cmax, AUCs (AUCo-150min, AUC0-300min, AUC0-420min,
AUC150-300min, AUC300-420min), tmax, C300min and Cazomin of EAAs, LNAAs, BCAAs, total ammo
acids and individual amino acids after oral intake of: the Test Product versus the Marketed Product
and Casein; the Reference Product versus the Marketed Product and Casein.

Other secondary endpoints: Comparison of the levels of “efficacy” parameters -glucose,

insulin, ghrelin, blood urea nitrogen (BUN) and urea at specific time points after oral intake of the
Test Product versus the Reference Product, the Marketed and Casein. These parameters allow
measure the effects of the different dietary intakes on the ways amino acids can modify glucose
and insulin homeostasis, amino acids are used at tissue levels (anabolic/catabolic pathways) or on

the satiety hormone (ghrelin, as “optional” analysis).

Safety and tolerability: Safety and tolerability will be monitored throughout the whole
duration of the study.

Study results
Subject Disposition:

Table 2: Screened and Randomized Subjects

Screened subjects 43
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Screening-failure subjects 8
Randomized subjects 35
Drop-out subjects 4
Subjects with major protocol 3
deviations

Table 3: PP Population

Test Products Reference Product Marketed Product Casein
28 30 29 30
Results:

For all the amino acid subgroups (EAAs, LNAAs, BCAAs and total AAs), the Test Product
produced a lower Cnax than the Reference Product. In terms of AUCs, AUCo.m were fully in the
range of bioequivalence for EAAs, LNAAs, BCAAs and total AAs. The administration of the Test
Product relative to the administration of the Reference Product yielded:

- More stable Tyrosine bioavailability

- Phenylalanine appeared more stable and with smaller fluctuations

- Lower insulin peak with more stable levels of glucose in the blood

- Lower Blood urea nitrogen (BUN) and urea levels

The results of the study are reported in Figures 2-12 and Tables 4-13.

Table 4: Primary endpoints: Cpax & AUCo-300min Of EAAS

Ratio of geometric LSM
Test Product Reference Product Estimate I
(95% CI) p value

Cnax (LM)

Mean (SD) 1768.2 (252.77) 2434.6 (367.52) 0.726 <0.0001

CV (%) 143 15.1 (0.690, 0.764)
AUCo-300min
(umol/L* min) 0890 |-

Mean (SD) 396027.6 (44935.44) | 443869.8 (46190.52) | (0.865, 0.915)

CV (%) 113 104
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Table 5: Secondary kinetic endpoints: AUCo-420min, Ciast & tmax Of EAAS

Ratio of geometric LSM
Test Product Reference Product Estimate 1
(95% CI) p value
AUC0.420 min
Mean (SD) 508855.6 (57172.36) | 549374.1 (55167.22) {0924 | —--
CV (%) 11.2 10.0 (0.900, 0.950)
C300min (UM)
Mean (SD) 1064.6 (124.16) 995.8 (116.70) 1.074 0.0012
(1.030-1.120)
C420min (LM)
Mean (SD) 822.7 (119.92) 780.1 (88.16) 1.054 0.0158
(1.010-1.100)
tmax (Min)
Mean (SD) 62.2 (19.45) 65501647y | -ee-- NS
Table 6: Secondary kinetic endpoints: LNAAs
Ratio of geometric LSM
Test Product Reference Product Estimate i
(95% CT) p value
Conax (LM)
Mean (SD) 1265.3 (175.15) 1872.4 (301.08) 0.677 <0.0001
CV (%) 13.8 16.1 (0.644, 0.713)
AUCo-300min
Mean (SD) 297480.6 (33837.62) | 341853.2 (37142.16) | 0.869 | -
CV (%) 11.4 10.9 (0.846, 0.892)
AUC0.420 min
Mean (SD) 385042.3 (43215.11) | 423787.3 (43934.14) | 0908 | -—
CV (%) 11.2 10.4 (0.885, 0.932)
C300min (UM)
Mean (SD) 830.6 (97.47) 776.9 (92.41) 1.074 0.0013
(1.029-1.121)
C420min (UM)
Mean (SD) 628.3 (92.01) 595.1 (67.72) 1.055 0.0123
(1.012-1.101)
tmax (Min)
Mean (SD) 65.9 (27.78) 67.0(1659) | —=em- NS
Table 7: Secondary kinetic endpoints: BCAAs
Ratio of geometric LSM
Test Product Reference Product Estimate i
(95% CT) p value
Conax (LM)
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Mean (SD) 692.8 (106.48) 1201.1 (221.18) 0.579 <0.0001
CV (%) 15.4 18.4 (0.547,0.612)
AUC0.300min
Mean (SD) 160355.2 (22144.57) | 198816.3 (24494.06) | 0.803 | ==---
CV (%) 13.8 12.3 (0.780, 0.827)
AUCo-420 min
Mean (SD) 206603.5 (29352.92) | 239573.9 (29549.71) | 0860 | -
CV (%) 13.7 12.3 (0.836, 0.885)
C300min (UM)
Mean (SD) 458 4 (63.81) 402.9 (60.72) 1.144 <0.0001
(1.089-1.203)
Ca20min (M)
Mean (SD) 316.1 (59.56) 281.5 (52.47) 1.126 <0.0001
(1.076-1.179)
tmax (Min)
Mean (SD) 60.6 (28.72) 655(1783) | --—-- NS
Table 8: Secondary kinetic endpoints: total amino acids
Ratio of geometric LSM
Test Product Reference Product Estimate
(95% C) p value
Conax (LM)
Mean (SD) 3566.5 (468.10) 4586.6 (575.72) 0.775 <0.0001
CV (%) 13.1 12.6 (0.737, 0.815)
AUC0-300min
Mean (SD) 839146.2 (99093.97) |91.4613.4(75479.35) (0913 | -=-m-
CV(%) 11.8 8.3 (0.885, 0.941)
AUC0-420 min
Mean (SD) | 1106090.3 (129426.51) | 1176026.8 (97284.78) |0.937 |-
CV (%) 11.7 8.3 (0.909, 0.966)
C300min (LM)
Mean (SD) | 2330.6 (284.99) 2260.8 (232.47) 1.034 NS
(0.992-1.078)
C120min (UM)
Mean (SD) 2084.5 (275.24) 2060.0 (206.75) 1.012 NS
(0.970-1.057)
tmax (Min)
Mean (SD) 63.8 (19.84) 67.5 (15.08) — NS
Table 9: Secondary kinetic endpoints: Tyrosine
Ratio of geometric LSM
Test Product Reference Product Estimate
(95% CT) p value
Cmnax (WM)
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Mean (SD) 124.9 (32.70) 119.1 (33.15) 1.058 NS
CV (%) 26.2 27.8 (0.969, 1.155)
AUC-300min
Mean (SD) 29245.8 (6783.61) 27015.6 (6747.26) 1.094 | -
CV (%) 232 25.0 (1.015, 1.178)
AUCo-420 min
Mean (SD) 374923 (8446.50) | 35880.0(8371.14) [1.052 |-
CV (%) 22.5 233 (0.984, 1.125)
C300min (UM)
Mean (SD) 83.0 (21.77) 88.2 (25.72) 0.95 NS
(0.866-1.042)
Ca20min (LM)
Mean (SD) 55.2 (12.67) 60.7 (15.01) 0.917 0.0291
(0.848-0.991)
tmax (Min)
Mean (SD) 113.6 (63.93) 182.7(92.16) | ==--- 0.0036
Table 10: Secondary “safety” endpoints: phenylalanine
Ratio of geometric LSM
Test Product Reference Product Estimate i
(95% CI) p value
Cinax (LM)
Mean (SD) 24 .8 (8.73) 172(6.54) | eemee | e
CV (%) 352 38
AUC-300min
Mean (SD) 10176.2 (2351.84) 8474.6 (1863.71) 1203 | -
CV (%) 23.1 22.0 (1.118, 1.294)
AUCo-420 min
Mean (SD) 136832 (3434.16) | 11984.9 (2666.25) | 1.143 |-
CV (%) 25.1 222 (1.060, 1.232)
C150min (UM)
Mean (SD) 28.2 (8.74) 18.5 (6.99) 1059 | e
(0.950-1.180)
C300min (UM)
Mean (SD) 28.4 (10.02) 26.6 (7.00) 0.939 NS
(0.863-1.022)
Ca20min (UM)
Mean (SD) 31.0 (9.51) 32.7 (7.32) NS
Table 11: Secondary “efficacy” endpoints: insulin
Ratio of geometric LSM
Test Product Reference Product Estimate i
(95% CI) p value
AUCo-300min
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(mU/L* min)

0.785 l -----

Mean (SD) 2137.9(1011.68) 2703.7 (1375.05)
CV (%) 473 50.9 (0.716-0.861)
Table 12: Secondary “efficacy” endpoints: glucose
Ratio of geometric LSM
Test Product Reference Product Estimate 1
(95% CI) pvalue

AUCo-300min
(mmol/L* min)

Mean (SD) 1621.2 (91.49) 1609.4 (93.35) 1.005 | e

CV (%) 5.6 5.8 (0.992-1.019)

Table 13: Secondary “efficacy” endpoints: BUN & urea
Ratio of geometric LSM
Test Product Reference Product Estimate I
(95% CI) p value

AUCo.300minBUN
(mmol/L* min)

Mean (SD) 1357.4 (201.24) 1572.9 (265.88) 0868 |-

CV (%) 14.8 16.9 (0.837-0.900)
AUCo.300mintirea
(mU/L* min)

Mean (SD) 53207.1 (24902.23) | 69467.5(28999.71) |0.767 | -—

CV (%) 46.8 41.7 (0.684-0.860)

EXAMPLE 2. QUALI -QUANTITATIVE FORMULATION AND LIST OF INGREDIENTS RELATED TO THE
TEST PRODUCT USED IN THE HUMAN PK TRIAL (EXAMPLE 1)

Table 14: Complete Listing of Ingredients of Test Product used in Human PK Trial

Date Recue/Date Received 2023-03-09

g for 100g of
Ingredient finished product

L-Glutamine 15,0000

L-Leucine 8,6250

L-Lysine 5,2500

i @ L-Aspartic Acid 4,5000
8 g L-Proline 4,5000
= £ | Lisoleucine 4,1250
g 3 | L-Threonine 3,7500
& g Glicine 3,7500
& L-Valine 3,7500

L-Arginine 3,0000

L-Serine 2,5417

L-Alanine 2,2500
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L-Histidine 2,0967
L-Cystine 1,5000
L-Tryptophan 1,5000
L-Methionine 1,0417
Taurine 0,2083
L-Carnitine 0,0833
Sodium Alginate 0,0542
Ethylcellulose 6,9659
?3 § L-Tyrosine 75000
g =
S 8 | Sodium Alginate
5 B 0,1923
g for 100g of
Ingredient finished product
Calcium hydrogen phosphate dihydrate E 341 (ii)
(Ca 23,30%; P 18,10%) 5,7480150
Maltodextrin pineflow (Tapioca starch) 4,6186617
Potassium bicarbonate E 501 (ii) 3,2010243
Choline bitartrate 0,7814653
Magnesium oxide (PLV PESANTE E530) 0,5059514
Inositol 0,2142875
g Ferrous gluconate 11,3% 0,2054204
;-5’ Vitamin C — L-ascorbic acid E 300 0,1749908
2 Zinc sulphate heptahydrate 0,0628298
5 Vitamin PP (B3) — nicotinamide — niacin 0,0348238
" "‘g Vllc’aml.n E acetate (alfa tocopherol equivalents 0,0261213
K g 67%) liquid
% S Chromium.chloride hexahydrate 1% 0.0235043
é s mal‘Fodextrm ’
& g Sodium molybdate 1% 0,0220681
;5 Eﬁ Manganese gluconate 0,0204082
& Vitamin B5 — calcium pantothenate (pantothenic
% £ acid 92,10%) 0,0151208
-*E Copper gluconate (copper 14%) 0,0102083
‘*5 Vitamin A palmitate (retinol) 0,0056153
9 Vitamin B6 — pyridoxine hydrochloride 0,0040887
“;-61 Vitamin B1 hydrochloride — thiamine 0,0032430
22} Vitamin B2 —riboflavin titration 100% 0,0024592
Vitamin D3 — cholecalciferol — 1,0 million Ul/g
(2.5%) liquid 0,0013000
Folic acid (pteroyl glutamicacid) 0,0003467
Potassium iodide 0,0002945
Vitamin K1 — fitomenadione 0,0001300
Sodium selenite 0,0001296
Vitamin H (B8) — biotin 0,0000704
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l | Vitamin B12 - cyanocobalamin l 0,0000054

List of Ingredients: L-glutamine, L-leucine, ethylcellulose, L-tyrosine, L-lysine Acetate, calcium
hydrogen phosphate dihydrate, L-aspartic acid, L-proline, L-isoleucine, maltodextrin, L-threonine,
L-glycine, L-valine, potassium bicarbonate, L-arginine, L-histidine, L-serine, L-alanine, L-
cystine, L-tryptophan, L- methionine, choline bitartrate, magnesium oxide, sodium alginate,
inositol, L-taurine, ferrous gluconate, L-ascorbic acid - vitamin, L-carnitine, zinc sulphate
heptahydrate, vitamin PP (B3) - nicotinamide - niacin, vitamin E acetate, chromium chloride
hexahydrate, sodium molybdate, manganese gluconate, vitamin B5- calcium pantothenate, copper
gluconate, vitamin A palmitate (retinyl palmitate), vitamin B6, pyridoxine hydrochloride, vitamin
B1 hydrochloride (thiamine), vitamin B2, vitamin D3 - cholecalciferol, folic acid, potassium
iodide, vitamin K1 - fitomenadione, sodium selenite, vitamin H (B8) - biotin, vitamin B12 -

cyanocobalamin

EXAMPLE 3. DISSOLUTION TESTS ON TEST AND REFERENCE PRODUCTS USED IN HUMAN PK TRIAL

Ponderal dissolution profile

The aim of the ponderal dissolution method is the quantification of the total amount of
dissolved amino acids at each time points. The percentage release obtained represents the

summation of all the dissolved amino acids.

Analytical Conditions

Dissolution Medium: Medium pH 1.2 + 0.1 (0.1N Hydrochloric acid: 8.3 mL/L)
Apparatus: Paddle (Apparatus 2, USP <711>); 50 rpm, gentle mix at start
Temperature: 37+ 0.5°C
Volume Medium: 500 mL
Sample: 2.0 g of Amino Acid

Each time point has its own dissolution vessel. At the stated sampling times, samples are
filtered; remaining powder and filter are dried for +4 hours in vacuum oven at 50 °C until constant
weight. Samples are weighed and the undissolved amino acid percentage calculated. Ponderal
dissolution test results for the Reference and Test Products are plotted in Figures 13 and 14,

respectively.
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Dissolution profile: single amino acids

The aim of the single amino acid dissolution method is the quantification of the dissolved

amount of each amino acid at the stated time points

Analyvtical Conditions

Dissolution Medium: Medium pH 1.2 + 0.1 (0.1N Hydrochloric acid: 8.3 mL/L)

Apparatus: Paddle (Apparatus 2, USP <711>); 50 rpm, gentle mix at start
Temperature: 37+0.5°C

Volume Medium: 500 mL

Sample: 2.0 g of Amino Acid

Aliquots collected from the dissolution medium, are analyzed by High Performance Liquid
Chromatography (HPLC) with Fluorimetric Detector, exception done for camitine that is analyzed
by Liquid Chromatography coupled with Mass Spectrometry (LC/MS).

By evaluating the concentrations of each amino acid in the dissolution medium, the release
profile is calculated. Individual amino acid dissolution test results for the Reference and Test

Products are plotted in Figures 15 and 16, respectively.

EXAMPLE 4. EFFECT OF CHRONIC ADMINISTRATION OF AMINO ACIDS FORMULATED USING
MODIFIED RELEASE TECHNOLOGY

The study was performed in two consecutive in-vivo phases. Healthy Wistar rats, 7/8 weeks
of age, were fed from day 1 to day 15 (16 days) two gavages per day covering in total the protein
need of 2.5g per Kg of body weight (calculated as 5% of protein need on 50g/Kg body weight of
maintenance diet). The composition of each gavage was: 1.694 g/Kg bw of Test Formulation or
Placebo Formulation, 0.35 mg/Kg bw of free phenylalanine, glucose 5%, starch 5%, and mineral
supplements. Beside the gavages, the groups were fed with a feed including all the nutrients of a
normal diet for rats, except for nitrogen source. This feed was ad libitum except for two hours
before and after each gavage.

The compared groups were:

» Test Formulation (Amino Acids formulated with modified-release technology):

Ingredient g in 100g
L-Glutamine 17,7899
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L-Leucine 10,2292
L-Lysine 6,2084
L-Aspartic Acid 5,3370
L-Proline 5,3370
L-Isoleucine 4,8922
L-Threonine 44475
Glycine 4,4475
L-Valine 4.4475
L-Arginine 3,5580
L-Histidine 2.,4866
L-Serine 3,0144
L-Alanine 2,6685
L-Cystine 1,7790
L-Tryptophan 1,7790
L-Methionine 1,2354
Taurine 0,2471
L-Carnitine 0,0988
L-Tyrosine 8,8950
Sodium alginate 0,2922
Ethyl Cellulose 8,2600

* Placebo Formulation (same quali-quantitative composition as the Test Formulation

without the modified release technology applied)

Effect of treatment on muscle strength

The muscle strength of animals treated with Test and Placebo Formulations was measured
by a standard GRIP meter. The index of strength was calculated as “GRIP value/body weight” and
it was observed to be significantly increased in the Test group after 15 days of treatment versus

baseline. The same was not observed for the Placebo group. Results are reported in Table and

Figure 17.
Table 15. Unpaired T test
Test Formulation vs baseline 0.0092
Placebo Formulation vs baseline ns

The average percentage of strength increase of each animal observed at the end of treatment

versus TO is about 30% in the Test group compared to about 13% in the Placebo group.
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Western Blot Analysis

The ability of the Test formulation to slow protein degradation (proteolysis) was
investigated directly by Western blot for the ubiquitin-mediated proteolysis pathways, including
MAFbx/Atrogin-l, and mitochondrial BNIP3L in skeletal muscle biopsies after 15 days of
treatment. Protein synthesis was measured in the same muscle samples. Mechanistic target of
rapamycin (mTOR) pathway that is involved in protein synthesis induced mainly by leucine, as
well as myostatin, (protein regulating muscle growth), was studied by immunoblot analysis with
specific antibodies.

Nix (also called Bnip3L) is implicated in both apoptosis and mitophagy. These
cytoplasmatic proteins translocate to mitochondria, form homodimers and disrupt mitochondrial
membrane potential. In skeletal muscle, mitochondrial dysfunction caused by the transient
overexpression of Nix triggers autophagy and induces muscle atrophy.

Nix expression in the femoral biceps measured by Western Blot was significantly lower
after Test formulation administration than after Placebo administration. See Figure 18 (Unpaired
t test, p=0,0239). The same trend could be observed in the vastus lateralis muscles. Based on these
resutls it can be concluded that the Test formulations, thanks to their extended release profile,
prevent muscle proteolysis.

sk ok ok sk sk sk sk sk

It will be apparent to those skilled in the art that various modifications and variations can
be made in the present invention without departing from the scope or spirit of the invention. Other
embodiments of the invention will be apparent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit of the invention being

indicated by the following claims.
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CLAIMS
1. Use of a therapeutically effective amount of a modified release amino acid formulation for
treating or preventing muscle proteolysis manifesting as weight or muscle loss or elevated blood
urea nitrogen (BUN) or urea concentrations in a subject on a restricted protein diet supplemented
by oral amino acids, wherein the modified release amino acid formulation comprises a plurality of

modified release granules, each of the plurality of modified release granules comprises:

a) a binder admixed with an amino acid component comprising alanine, arginine,
aspartic acid, cystine, glutamine, glycine, histidine, isoleucine, leucine, lysine,

methionine, proline, serine, threonine, tryptophan, and valine; and
b) an ethylcellulose coating layer that coats the modified release granule; and
wherein

no more than 70% of the amino acids in the modified release granules in the
formulation are released after 30 minutes when 2 g of the formulation is subjected to
dissolution testing in a <711> USP 39 NF 34 paddle apparatus at 37 °C in 500 ml 0.1 N
hydrochloric acid at a paddle speed of 50 rpm, further wherein

the alanine comprises about 3 wt% of the modified release granule;

the arginine comprises about 4 wt% of the modified release granule;

the aspartic acid comprises about 6 wt% of the modified release granule;
the cystine comprises about 2 wt% of the modified release granule;

the glutamine comprises about 20 wt% of the modified release granule;
the glycine comprises about 5 wt% of the modified release granule;

the histidine comprises about 2.8 wt% of the modified release granule;
the isoleucine comprises about 5.5 wt% of the modified release granule;
the leucine comprises about 11.5 wt% of the modified release granule;
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the lysine comprises about 7 wt% of the modified release granule;
the methionine comprises about 1.4 wt% of the modified release granule;
the proline comprises about 6 wt% of the modified release granule;
the serine comprises about 3.4 wt% of the modified release granule;
the threonine comprises about 5 wt% of the modified release granule;
the tryptophan comprises about 2 wt% of the modified release granule; and
the valine comprises about 5 wt% of the modified release granule.
2. The use of claim 1, wherein the subject is suffering from tyrosinemia.

3. The use of claim 1, wherein the formulation further comprises a plurality of tyrosine-

containing granules comprising tyrosine and a second binder.

4, The use of claim 3, wherein the tyrosine comprises about 97 wt% of the plurality of

tyrosine-containing granules.
5. The use of claim 3 or 4, wherein
the alanine comprises about 2.67 wt% of the total formulation;
the arginine comprises about 3.56 wt% of the total formulation;
the aspartic acid comprises about 5.34 wt% of the total formulation;
the cystine comprises about 1.78 wt% of the total formulation;
the glutamine comprises about 17.79 wt% of the total formulation;
the glycine comprises 4.45 wt% of the total formulation;
the histidine comprises about 2.49 wt% of the total formulation;

the isoleucine comprises about 4.9 wt% of the total formulation;
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the leucine comprises about 10.23 wt% of the total formulation;
the lysine comprises about 6.21 wt% of the total formulation;

the methionine comprises about 1.24 wt% of the total formulation;
the proline comprises 5.34 wt% of the total formulation;

the serine comprises about 3 wt% of the total formulation;

the threonine comprises about 4.45 wt% of the total formulation;
the tryptophan comprises about 1.8 wt% of the total formulation;
the tyrosine comprises about 8.9 wt% of the total formulation; and
the valine comprises about 4.45 wt% of the total formulation.

6 The use of any one of claims 3 to 5, wherein the subject is suffering from phenylketonuria

(PKU).

7. The use of claim 6, wherein the subject has mild phenylketonuria (PKU), defined as a
phenylalanine concentration of from 600 to 1200 micromole/L (from 10 to 20 mg/dL), and the

modified release amino acid formulation lacks phenylalanine; or

wherein the subject has mild hyperphenylalaninemia, defined as a phenylalanine
concentration of from 300 to 600 micromole/L (from 5 to 10 mg/dL), and the modified release

amino acid formulation lacks phenylalanine.

8. The use of any one of claims 1 to 7, wherein the modified release amino acid formulation
provides a maximum plasma concentration in humans for total amino acids, essential amino acids,
large neutral amino acids, or branched chain amino acids, of less than 80% of the maximum plasma

concentration produced by an equipotent immediate release amino acid formulation.

9. The use of any one of claims 1 to 8, wherein the modified release amino acid formulation

provides an area under the curve (AUC) of amino acids in humans for total amino acids, essential
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amino acids, large neutral amino acids, or branched chain amino acids, of greater than 90% the

AUC produced by an equipotent immediate release amino acid formulation.

10.  The use of any one of claims 1 to 9, wherein said therapeutically effective amount is from

0.8 to 1.35 g/kg/day.

11.  The use of any one of claims 1 to 10, wherein the binder is selected from the group
consisting of polyvinyl pyrrollidone, starch, methylcellulose, hydroxypropyl methylcellulose,
carboxymethyl cellulose, sucrose solution, dextrose solution, guar gum, xanthan gum, acacia,

tragacanth, locust bean gum, sodium alginate, an alginic acid salt, and any combination thereof.
12.  The use of claim 11, wherein the binder is an alginic acid salt.
13.  Theuse of claim 11 or 12, wherein the binder is sodium alginate.

14.  The use of any one of claims 3 to 13, wherein the second binder is alginic acid or a salt
thereof.

15.  The use of claim 14, wherein the second binder is sodium alginate.

16. The use of any one of claims 1 to 15, wherein the formulation further comprises carnitine,

taurine, or a combination of caritine and taurine.

17.  The use of any one of claims 1 to 16, wherein the formulation further comprises one or
more additional ingredients selected from the group consisting of: vitamins, minerals,
carbohydrates, choline, inositol, vitamin A, vitamin D, vitamin E, vitamin K, vitamin C, thiamin,
riboflavin, niacin, vitamin B6, folate, vitamin B12, biotin, pantothenic acid, potassium, calcium,
magnesium, iron, zinc, copper, manganese, selenium, chromium, molybdenum, iodine, sodium,
sulfur, phosphorus, docosahexaenoic acid, eicosapentaenoic acid, arachidonic acid, lutein, salts

thereof, chelates thereof, esters thereof, and derivatives thereof.

18.  The use of any one of claims 1 to 17, wherein the formulation further comprises one or

more additional ingredients selected from the group consisting of:
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a) a bulking agent selected from lactose, sucrose, dextrose, sorbitol, fructose, and cellulose

powder;

b) a disintegrating agent selected from microcrystalline cellulose, starches, crospovidone,

sodium starch glycolate, and crosscarmellose sodium;

¢) a glidant or lubricant selected from talc, corn starch, silicon dioxide, sodium lauryl
sulfate, magnesium stearate, calcium stearate, sodium stearate, stearic acid, sodium stearyl
fumarate, hydrogenated cotton seed oil, talc, waxes, cetyl alcohol, glyceryl stearate, glyceryl

palmitate, glyceryl behenate, hydrogenated vegetable oils, and stearyl alcohol;

d) a taste-masking agent selected from cellulose hydroxypropyl ethers (HPC), low
substituted hydroxypropyl ethers (L-HPC), cellulose hydroxypropyl methyl ethers
(HPMO), methylcellulose, ethylcelluloses (EC), hydroxyethylcelluloses,
carboxymethylcelluloses (CMC), salts of carboxymethylcelluloses, polyvinyl alcohol
(PVA), polyethylene glycols, copolymers of polyvinyl alcohol and polyethylene glycol,
monoglycerides, triglycerides, modified food starch, acrylic polymers, mixtures of acrylic
polymers with cellulose ethers, cellulose acetate phthalate, mixtures of HPMC and stearic

acid, cyclodextrins, and mixtures thereof; and

e) a flavoring agent selected from acacia syrup, acesulfame K, alitame, anise, apple,
aspartame, banana, Bavarian cream, berry, black currant, butterscotch, calcium citrate,
camphor, caramel, cherry, cherry cream, chocolate, cinnamon, bubble gum, citrus, citrus
punch, citrus cream, cotton candy, cocoa, cola, cool cherry, cool citrus, cyclamate, cylamate,
dextrose, eucalyptus, eugenol, fructose, fruit punch, ginger, glycyrrhetinate, glycyrrhiza
(licorice) syrup, grape, grapefruit, honey, isomalt, lemon, lime, lemon cream,
monoammonium glyrrhizinate, maltol, mannitol, maple, marshmallow, menthol, mint
cream, mixed berry, neohesperidine DC, neotame, orange, pear, peach, peppermint,
peppermint cream, raspberry, root beer, rum, saccharin, safrole, sorbitol, spearmint,
spearmint cream, strawberry, strawberry cream, stevia, sucralose, sucrose, sodium
saccharin, saccharin, aspartame, neotame, acesulfame potassium, mannitol, talin, xylitol,
sucralose, sorbitol, swiss cream, tagatose, tangerine, thaumatin, tutti fruitti, vanilla, walnut,

watermelon, wild cherry, wintergreen, xylitol, and a combination thereof.
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19.  The use of any one of claims 1 to 18, wherein the formulation is in the form of a medical
food, a tablet, a pill, a soft gelatin capsule, a hard gelatin capsule, a powder, a granulate, a
microsphere, a lozenge, a sachet of packaged powders, a sachet of packaged granulates, a sachet

of packaged microspheres, an elixir, a suspension, an emulsion, a chewable tablet, or a syrup.
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Manufacturing Process Flow Chart

Figure 1: Manufacturing Flow Chart for Test Product.
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Figure 2: mean plasma concentration-time curve for essential AAs during 5 hours (300 min)
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Figure 3: mean plasma concentration-time curve for essential AAs during 7 hours (420 min)
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Figure 4: mean plasma concentration-time curve for large neutral AAs during 7 hours (420 min)
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Figure 5: mean plasma concentration-time curve for branched chain AAs during 7 hours (420
min)
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Figure 6: mean plasma concentration-time curve for total AAs during 7 hours (420 min)
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Figure 7: mean plasma concentration-time curve for tyrosine during 7 hours (420 min)
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Figure 8: mean plasma concentration-time curve for phenylalanine during 7 hours (420 min)

p<0.0001; repeated measure of covariance
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Figure 9: the mean plasma concentration-time curve for insulin during 5 hours (300 min)
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Figure 10: mean plasma concentration-time curve for glucose during 5 hours (300 min)
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Figure 11: mean concentration-time curve for BUN in plasma during 5 hours (300 min)
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Figure 12: mean concentration-time curve for urea in urine, during 5 hours (300 min)
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Figure 13: Ponderal dissolution test for total AAs being released over time (from 0 to 60 min)
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Figure 14: Ponderal dissolution test for total AAs being released over time (from 0 to 180 min)

from the Test Product
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Figure 15: Dissolution test for individual AAs being released over time (from 0 to 60 min) from
the Reference Product
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Figure 16. Dissolution test for individual AAs being released over time (from 0 to 600 min) from
the Test Product
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Fig. 17. Strength of animals fed test and placebo amino acid formulations; basal
strength is reported in the left bar; post-treatment strength 1is reported in right bar.
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Fig. 18. BNIP3L/NIX expression in the femoral biceps measured by Western Blot
(PL = Placebo; CR = CRAAM / Test Formulation)
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