METHODS FOR THE TREATMENT OF MUSCLE LOSS BACKGROUND
OF THE INVENTION 1. Technical Field The invention relates generally to
the treatment of muscle loss in a mammal, and more particularly, to the
administration of one or more branched chain amino acid(s) (BCAA), a
BCAA precursor, a BCAA metabolite, a BCAA-rich protein, a protein
manipulated to enrich the BCAA content or an)tcombination thereof in the
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such administration.

2. Background Art

Amino acids are the monomeric building blocks of proteins, which in turn
comprise a wide range of biological compounds, including enzymes, antibodies,
hormones, transport molecules for ions and small molecules, collagen, and muscle
tissues. Amino acids are considered hydrophobic or hydrophilic, based upon their
solubility in water, and, more particularly, on the polarities of their side chains. Amino
acids having polar side chains are hydrophilic, while amino acids having non-polar side
chains are hydrophobic. The solubilities of amino acids, in part, determines the
structures of proteins. Hydrophilic amino acids tend to make up the surfaces of proteins
while hydrophobic amino acids tend to make up the water-insoluble interior portions of
proteins.

Of the common 20 amino acids, nine are considered indispensable (essential) in



obtained through an individual's diet. A deficiency of one or more amino
acids can cause a negative nitrogen balance. A negative nitrogen
balance, for example, is wherein more nitrogen is excreted than is
administered. Such a condition can lead to disruption of enzymatic
activity and the loss of muscle mass. A number of muscle-wasting
conditions have been identified for which treatment with amino acid
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(AIDS). Other muscle wasting diseases and disorders are known, including, for example,

sarcopenia, an age-related loss of muscle mass.

Proteolysis-Inducing Factor (PIF)

It has been found that certain tumors may induce cachexia through the
production of a 24kDa glycoprotein called proteolysis-inducing factor (PIF). One
proposed mechanism of action of PIF is to decrease protein synthesis; another proposed
mechanism of PIF is an activation of protein degradation; a third proposed mechanism is
a combination of the aforementioned decrease in protein synthesis and activation of
protein degradation. It has been hypothesized that the decreased protein synthesis
associated with PIF is the result of PIF's ability to block the translation process of protein
synthesis. Another factor, Angiotensin Il (Ang Il) has shown similar effects and may be

involved in the muscle wasting observed in some cases of cachexia.



The original role of PIF in the ubiquitin-proteosome pathway is known. PIF
produces an increased release of arachadonic acid, which is then
metabolized to prostaglandins and 15-hydroxyeicosatetraenoic acid
(15-HETE). 15-HETE has been shown to produce a significant increase
in protein degradation and nuclear binding of the transcription factor
NF-KB (a nuclear factor that binds the kappa immunoglobulin light chain
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initiator methionyl-transfer RNA (met-tRNA) to the 40s ribosomal subunit;

and (2) the binding of mMRNA to the 43s preinitiation complex. In the first

step, met-tRNA binds to the 40s ribosomal subunit as a ternary complex
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activation of downstream factors. Inhibition of protein synthesis by PIF is attenuated by
insulin at physiological concentrations and below. This suggests that PIF may inhibit
protein synthesis at the initiation stage of translation, since insulin regulates protein
synthesis through activation of the messenger RNA (mRNA) binding steps in translation
initiation.

There are two steps in the initiation of translation that are subject to regulation:
(1) the binding of initiator methionyl-transfer RNA (met-tRNA) to the 40s ribosomal
subunit; and (2) the binding of mMRNA to the 43s preinitiation complex.

In the first step, met-tRNA binds to the 40s ribosomal subunit as a ternary
complex with eukaryotic initiation factor 2 (elF2) and guanosine triphosphate (GTP).
Subsequently, the GTP bound to elF2 is hydrolyzed to guanosine diphosphate (GDP)
and elF2 is released from the ribosomal subunit in a GDP-elF2 complex. The elF2 must

then exchange the GDP for GTP to participate in another round of initiation. This



3 occurs through the action of another eukaryotic initiation factor, elF2B,
which mediates guanine nucleotide exchange on elF2. elF2B is regulated
by the phosphorylation of elF2 on its alpha subunit, which converts it from
a substrate into a competitive inhibitor of elF2B. In the second step, the
binding of MRNA to the 43s preinitiation complex requires a group of
proteins collective %preferred to as elF4F, a multisubunit complex
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scafioichphelsgiosiadés apdsbenaiRNA). Collectively, the elF4F complex serves to
recognize, unfold, and guide the mRNA to the 43s preinitiation complex. The availability
of the elF4E for the elF4F complex formation appears to be regulated by the
translational repressor elF4E-binding protein 1 (4E-BP1). 4E-BP1 competes with elF4G
to bind elF4E and is able to sequester elF4E into an inactive complex. The binding of
4E-BP1 is regulated through phosphorylation by the kinase mammalian target of
rapamycin (mTOR), where increased phosphorylation causes a decrease in the affinity
of 4E-BP1 for elF4E.

It is believed that mTOR is activated by phosphorylation and inhibition of the
tuberous sclerosis complex (TSC) 1-TSC2 complex via signaling through the
phosphatidylinositol 3 kinase (PI3K) / serine/threonine kinase pathway (PISK/AKT
pathway). mTOR also phosphorylates p70S6 kinase, which phosphorylates ribosomal

protein S6, which is believed to enhance the translation of mMRNA with an uninterrupted

string of pyrimidine residues adjacent to the 5' cap structure. Proteins encoded by such



protein S6, which is believed to enhance the translation of mMRNA with an
uninterrupted string of pyrimidine residues adjacent to the 5' cap
structure. Proteins encoded by such 4 mRNA include ribosomal proteins,
translation elongation factors, and poly-A binding proteins. Anabolic
Factors Involved in Translation Initiation Many studies have shown that
anabolic factors, such as insulin, insulin-like growth factors (IGFs), and
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Branched chain amino acids (BCAAS), particularly leucine, can initiate
PrRYASH transduction pathways that modulate translation initiation. Such
pathways often include mTOR. Other studies have demonstrated that
mitogenic stimuli, such as insulin and BCAAs, signal via elF2. As such,
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phosphorylation of elF2-a and a decrease in protein synthesis.

Signaling Pathways Involved in Protein Synthesis and Degradation

As noted above, PIF is known to induce protein degradation via the NF-kB
pathway. Therefore, it is plausible that inhibition of protein synthesis by PIF occurs via a
common signaling initiation point, which then diverges into two separate pathways, one
promoting protein degradation via NF-kB and the other inhibiting protein synthesis
through mTOR and/or elF2.

AKT is a serine/threonine kinase, also known as protein kinase B (PKB).
Activation of AKT occurs through direct binding of the inositol lipid products of the PIBK
to its pleckstrin homology domain. PI3K-dependent activation of AKT also occurs
through phosphoinositide-dependent kinase (PDKI)-mediated phosphorylation of

threonine 308, which leads to autophosphorylation of serine 473. Although initially



through phosphoinositide-dependent kinase (PDKI)-mediated
phosphorylation of threonine 308, which leads to autophosphorylation of
serine 473. Although initially 5 believed to operate as components of
distinct signaling pathways, several studies have demonstrated that the
NF-KB and AKT signaling pathways converge. Studies have shown that
AKT signaling inhibits apoptosis in a variety of cell types in vitro, mediated
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PKR is an interferon-induced, RNA-dependent serine/threonine protein kinase
responsible for control of an antiviral defense pathway. PKR may be induced by forms of
cellular stress other than interferon. Some evidence suggests that tumor necrosis factor
(TNF)-alpha also acts through PKR. Interestingly, both interferon and TNF-alpha have
been implicated as causative factors of cachectic states. Following interaction with
activating stimuli (e.g., insulin, IGF, BCAAs), PKR has been reported to form
homodimers and autophosphorylate. As a result, PKR is able to catalyze the
phosphorylation of target substrates, the most well-characterised being the
phosphorylation of Serine 51 on the elF2-a subunit. The elF2 then sequesters elF2B, a
rate-limiting component of translation, resulting in the inhibition of protein synthesis.

Recent studies suggest that PKR physically associates with the IKK complex and

stimulates NF-kB-inducing kinase (NIK) while phosphorylating IKK, resulting in its



phosphorylation of Serine 51 on the elF2-a subunit. The elF2 then
sequesters elF2B, a rate-limiting component of translation, resulting in
the inhibition of protein synthesis. Recent studies suggest that PKR
physically associates with the IKK complex and stimulates
NF-KB-inducing kinase (NIK) while phosphorylating IKK, resulting in its 6
subsequent d;aé%dation. Some studiesgs%g est that NF-KB is activated
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initiation. Our recent novel research suggests that all three of the BCAAs
possess the ability to reduce protein degradation and enhance protein
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supplementation, and, in particular, amino acid supplementation, in an attempt to
increase protein synthesis. The three BCAAs are valine, leucine, and isoleucine.
Previously, leucine has been shown to function, not only as a protein building block, but
also as an inducer of signal transduction pathways that modulate translation initiation.
Our recent novel research suggests that all three of the BCAAs possess the ability to
reduce protein degradation and enhance protein translation comparably.

Cachexia is just one of the conditions, disorders, and diseases for which amino
acid supplementation has proved beneficial. Amino acid supplementation has also been
used to treat diabetes, hypertension, high levels of serum cholesterol and triglycerides,
Parkinson's disease, insomnia, drug and alcohol addiction, pain, insomnia, and
hypoglycemia. Supplementation with BCAAs, in particular, has been used to treat liver
disorders, including compromised liver function, including cirrhosis, gall bladder

disorders, chorea and dyskinesia, and kidney disorders, including uremia. BCAA



used to treat diabetes, hypertension, high levels of serum cholesterol and
triglycerides, Parkinson's disease, insomnia, drug and alcohol addiction,
pain, insomnia, and hypoglycemia. Supplementation with BCAAS, in
particular, has been used to treat liver disorders, including compromised
liver function, including cirrhosis, gall bladder disorders, chorea and
dyskinesia, and kidney disorders, including uremia. BCAA 7
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metabolites, such as (3-hydroxy-(3-methylbutyrate and
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muscle loss itself. That is, known methods of treating muscle loss are
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muscle catabolism. o . _ .
Others have shown that insulin, an anabolic hormone, is capable of promoting

protein synthesis when administered in large doses. Thus, known treatment approaches,
while providing some benefit to individuals suffering from muscle loss through increased
generation of muscle tissue, do not affect muscle loss itself. That is, known methods of
treating muscle loss are directed toward increasing muscle anabolism rather than
decreasing muscle catabolism.

The amino acids that comprise skeletal muscle are in a constant state of flux
where new amino acids, either coming from administration by enteral or parenteral
routes or recirculated, are deposited as protein and current proteins are degraded. Loss
of muscle mass can be the result of many factors including decreased rate of protein
synthesis with normal degradation, increased degradation with normal synthesis or an
exacerbation of both reduced synthesis and increased degradation. As a result,

therapies aimed at increasing synthesis only address one-half of the problem in muscle



The amino acids that comprise skeletal muscle are in a constant state of
flux where new amino acids, either coming from administration by enteral
or parenteral routes or recirculated, are deposited as protein and current
proteins are degraded. Loss of muscle mass can be the result of many
factors including decreased rate of protein synthesis with normal
degradation, increased degradation with normal synthesis or an
wagling«Hsaash(eF both reduced synthesis and increased degradation. As a
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THE INVENTION The invention provides methods for treating muscle loss
in an individual. In one embodiment, the invention includes administering

to an individual an effec@@,\mq{@fz @@@Wgﬁﬁ@@ amino acid

(BCA_A), a B_CAA precursor, a BCAA metabolite, BCAA- rich protein,
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thereof. The invention further provides nutritional products for such
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thereof. The invention further provides nutritional products for such administration,

including orally-administrable nutritional products.

In a first aspect, the invention provides a method of treating muscle loss in an
individual, the method comprising: administering to the individual an effective amount of
at least one of: a branched chain amino acid (BGAA); a BCAA precursor; and a BCAA
metabolite, a BCAA-rich protein, a protein manipulated to enrich the BCAA content,
wherein at least one of the BCAA, BCAA precursor, BCAA metabolite, BCAA-rich
protein, and protein manipulated to enrich the BCAA content antagonizes protein
catabolism.

In a second aspect, the invention provides an orally-administrable nutritional
product comprising at least one of the following: a branched chain amino acid (BCAA); a
BCAA precursor, a BCAA metabolite, a BCAA-rich protein, a protein manipulated to
enrich the BCAA content, wherein at least one of the BCAA, BCAA precursor, BCAA

metabolite, BCAA-rich protein, and protein manipulated to enrich the BCAA content



wherein at least one of the BCAA, BCAA precursor, BCAA metabolite,
BCAA-rich protein, and protein manipulated to enrich the BCAA content
antagonizes protein catabolism. In a second aspect, the invention
provides an orally-administrable nutritional product comprising at least
one of the following: a branched chain amino acid (BCAA); a BCAA

recursor, a BCAA metabolite, a BCAA-rich protein, a protein manipulated
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the following detailed description of the various aspects of the invention taken in
conjunction with the accompanying drawings that depict various embodiments of the
invention, in which:
FIG. 1 shows a graph of the depression of protein synthesis by proteolysis
inducing factor (PIF) at various concentrations.
FIG. 2 shows a graph of the effect of amino acids on the phosphorylation of elF2-
a and PIF.
FIG. 3 shows a graph of the effect of insulin and insulin-like growth factor 1 (IGF)
on the phosphorylation of elF2-a of PIF.
FIG. 4 shows the structure of an RNA-dependent protein kinase (PKR) inhibitor
suitable for use in the present invention.
FIG. 5 shows a graph of the effect of the PKR inhibitor of FIG. 4 on the proteolytic
activity of PIF.
FIG. 6 shows a graph of the effect of the PKR inhibitor of FIG. 4 in reversing a

PIF-mediated reduction in protein synthesis.

FIG. 7 shows a graph of the effect of the PKR inhibitor of FIG. 4 on the

10



FIG. 3 shows a graph of the effect of insulin and insulin-like growth factor
1 (IGF) on the phosphorylation of elF2-a of PIF. FIG. 4 shows the
structure of an RNA-dependent protein kinase (PKR) inhibitor suitable for
use in the present invention. FIG. 5 shows a graph of the effect of the
PKR inhibitor of FIG. 4 on the proteolytic activity of PIF. FIG. 6 shows a
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invention are not to scale. The drawings are intended to depict only
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proteolysis inducing factor (PIF) through activation of PKR and elF2a that is inhibited by
branch chain amino acids, insulin and IGF-1.
It is noted that the drawings of the invention are not to scale. The drawings are intended

to depict only typical aspects of the invention, and therefore should not be considered as

limiting the scope of the invention.

DETAILED DESCRIPTION

As indicated above, the invention provides methods and related products for the
treatment of muscle loss in an individual. More specifically, the methods and products of
the invention reduce muscle catabolism, particularly proteolysis-inducing factor (PIF) -
mediated muscle catabolism.

As used herein, the terms "treatment" and "treat" refer to both prophylactic or
preventive treatment and curative or disease-modifying treatment, including treatment of
patients at risk of contracting a disease or suspected to have contracted a disease, as
well as patients who are ill or have been diagnosed as suffering from a disease or

medical condition. The terms "treatment" and "treat" also refer to the maintenance
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DETAILED DESCRIPTION As indicated above, the invention provides
methods and related products for the treatment of muscle loss in an
individual. More specifically, the methods and products of the invention
reduce muscle catabolism, particularly proteolysis-inducing factor (PIF) -
mediated muscle catabolism. As used herein, the terms "treatment" and
"treat” refer to both prophylactic or preventive treatment and curative or

a”@’l%ﬁ%ﬁ%@lﬁﬁh@%ﬁtméﬁ‘ﬂWHHM%WE&%%WE%F%@Hi%%sﬁ%f"’ho may be

oo S Bl ST i lare o
or_medical condition, The terms "treatment’ and "treat" also r {ert the,.

R R BT BT REHR r BATRRATA Bk LS g seace o
f ' : b ' . .

e S A A e, RSP R e R ehar

phﬁ%]acﬁ

@!é%Wm%‘ai_'c':%‘ifﬁéﬂ‘é%t%‘f?@i‘ﬁdﬁ/mQm%hﬁﬁ?éﬁf %%W FePERRE OF doctor-

medical condition in an individual or, more generally, provides a

rel HETIPNAGRIBEIJIREcHe 26 mediralRensfitinteatichvidialoferheriBdBirein to
can be patient- or doctor- related. In addition, while the terms "individual”

refanth " PalGNAN aflecafianisRdNE6E KLIIMIRIEr M eobdiRt, thetbrentiatiisdual” and
not so limited. Accordingly, the terms "individual" and "patient"” refer to

"painthesfenal auffeniaaiansaifatniskdor ormeditaioeanaigigicasochdison, such as
muscle loss. Experimental Data In order to determine the efficacy of

musdedbex] chain amino acids (BCAAs) and

Experimental Data

In order to determine the efficacy of branched chain amino acids (BCAAs) and
other agents in reducing muscle catabolism, murine C.C1> myotubes were exposed to
PIF or Angiotensin Il in combination with amino acids (including BCAAs), insulin, insulin-
like growth factor-1 (IGF-1), and a PKR inhibitor. PIF was extracted and purified from
MAC16 tumors as described by Smith et aL, Effect of a Cancer Cachectic Factor on
Protein Synthesis/Degradation in Murine C2C12 Myoblasts: Modulation by
Eicosapentaenoic Acid, Cancer Research, 59:5507-13 (1999), which is hereby
incorporated by reference. Protein degradation was determined using the method
described by Whitehouse et al., Increased Expression of the Ubiquitin-Proteasome
Pathway in Murine Myotubes by Proteolysis-Inducing Factor (PIF) is Associated with
Activation of the Transcription Factor NF-«kB, British Journal of Cancer, 89:1116-22

(2003), which is also hereby incorporated by reference.
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other agents in reducing muscle catabolism, murine C2C12 myotubes

were exposed to PIF or Angiotensin Il in combination with amino acids

(including BCAAS), insulin, insulin- like growth factor-1 (IGF-1), and a PKR

inhibitor. PIF was extracted and purified from MAC16 tumors as

described by Smith et aL, Effect of a Cancer Cachectic Factor on Protein

Synthesis/Degradation in Murine C2C12 Myoblasts: Modulation b _ _

EicoS¥peh@IHb AR talits: depsassian Siorseisin £y ess ,%ﬁ}i/%%'”creas'”g

hereby incorporated by reference. Proteing dation was determined
CORRRRHETAetEE HESCR IS Bl ARIEIRARLGR M), o & Ba LT g b asantrol

f th biguitin- way i i bes b i )
o AR AR s e A RS e M e RS e ki 2 maximum
s hade RS e : Al
deg gt MR S MheCE oREUTNI AT P CRRERIB B S 2 The
mQ&H@@HB&Q@BE@&W)@&W&ﬁ)ﬂétW§ Qﬁg()di'ﬁcaatll)gpﬁ%%?ii@@d as ubi%l%itin-like

concentrations, measured in counts per minute (CPM) as a percentage

de§reQaHH £QNEININg no PIF. A significant reduction in protein synthesis is
noted, with a maximum depression of protein synthesis occurring at a PIF

conqe I atigoWsayPdph Dreh&easiies srgtanhiyisiastivieaeMibisandpe

more specifically described as ubiquitin-like degradation activity. FIG. 2
pheiohes dagsaIF-thie GaasionyetobasatysisanédestePiF leischfe, isoleucine, valine,

phosphorylated elF2-a in C2C12 myotubes incubated with PIF, leucine,
mesoteuct endadirgnimeetiotnalenardarginomebinatioaloite &ifel ihhe control sample

combination with PIF. The control sample was incubated only in
waghoepbrairdmuthe iedBaipbae bsiferedczaline ER9)irAsIGIhegeen in FIG. 2, PIF
increases phosphorylation of elF2-a significantly, compared to the control. Each
of the amino acids reduced elF2-a phosphorylation in the presence of PIF, compared to
PIF alone. However, the BCAAs (i.e., leucine, isoleucine, and valine) reduced such
phosphorylation to about the level of the control or below, while methionine- and
arginine-induced phosphorylation levels were greater than that of the control.
Surprisingly, unlike known treatment methods directed toward increasing protein
synthesis, and where leucine exhibits greater efficacy than the other BCAAs, these data
show that all BCAAs are about equally effective in reducing PIF-induced phosphorylation
of elF2-a. In fact, the phosphorylation levels resulting from isoleucine and valine
incubation were not different from that observed with leucine incubation.

FIG. 3 shows the results of similar experiments involving the incubation of insulin

and IGF-1 , alone and in combination with PIF. Both insulin and IGF-1 significantly

reduced elF2-a phosphorylation in the presence of PIF, compared to PIF alone. Thus,
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increases phosphorylation of elF2-a significantly, compared to the control.
Each of the amino acids reduced elF2-a phosphorylation in the presence
of PIF, compared to PIF alone. However, the BCAAs (i.e., leucine,
isoleucine, and valine) reduced such phosphorylation to about the level of
the control or below, while methionine- and arginine-induced

phos&]&r lation levels were greater than that of the control. Surprisingly,

the AR ARembds RstatertarpininidessadhippiRIPe

SUBNSDGN FHL B AT CHOATIR MBI B B AL A Gly LREEN Espments tha
. reduci F|>IF-'n ucedl.Rhos hoY | ti1on of elF2-a. In fact, the

'ncﬁ%%ss%ﬂ%ry?é/t? RI1EVEH rggﬁ?t?rﬁgé om isoleucine and valine incubation

wer gtﬂiémwgtogm LOPPLVBK ii%\%lﬂSFl‘?sﬁﬁPR"ﬂ%‘ﬂ@@ sing PIF-

shows the resu similar experiments involving the incubation of Ins lin

ino%eed%%ﬂemaé%g?aaaﬂdﬂ Sﬂmﬂ%ﬁ%ﬂwyi&%ﬂﬁ tHAORHIRBAGME ided as a
phory

significantly reduced elF2-a phos ation in the presence of PIF,

poSRTEEREIPIT Pr@aRRib¥E Fid 818 AU R HRCAAMOAKSARBents involving

PIF-mediated protein degradation may be supplemented or enhanced by

theecapgitimnoptiesPiRanHiied SR doadnyatieatwentstHeAPIFCE ASRyBeNsin 1. In

level of insulin and/or IGF-1. FIG. 4 shows the structure of a PKR inhibitor
FIGs8ful dahbthsdecr s ng R R ihiacedseietitele gieghatianiamndonerszzinghen

protein synthesis which was used as a positive control of PKR inhibition.
incEiaedsa® shptd e dittarits faheXpi§ Rrivdritét anve kg rep dpeateinokpadattitre levels

PKR inhibitor in combination with either PIF or Angiotensin Il. In FIG. 5, it
bagitorbestindsst afitile Fartinbremaiallprddnldyrihdatidre geen SaowitierPIF

reduced protein synthesis up to about 25% when incubated alone, the addition of the
PKR inhibitor reversed protein synthesis levels back to about those of the control.

FIGS. 7 and 8 show similar results upon the incubation of the PKR inhibitor with
Angiotensin Il. In FIG. 7, Angiotensin increased protein degradation up to about 51%,
compared to the control. The addition of the PKR inhibitor reversed this trend,
maintaining protein degradation levels at about that of the control. Similarly, in FIG. 8,
Angiotensin Il reduced protein synthesis by about 40% compared to the control, while
the addition of the PKR inhibitor maintained protein synthesis levels at about that of the
control.

The PKR inhibitor attenuated the actions of PIF and Angiotensin Il in both protein
degradation and protein synthesis. This suggests that both PIF and Angiotensin I
mediate their effects through similar mechanisms and through a common mediator, likely

involving PKR. More specifically, these results suggest that PIF activates PKR,
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incubated alone, the addition of the PKR inhibitor reversed protein
degradation levels back to about those of the control. Similarly, in FIG. 6,
it can be seen that while PIF reduced protein synthesis up to about 25%
when incubated alone, the addition of the PKR inhibitor reversed protein
synthesis levels back to about those of the control. FIGS. 7 and 8 show
similar results upon the incubation of the PKR inhibitor with  Angiotensin

whiehinEKRET pausRiRBRSRN PRt af sibri ddtybiingidie Ringingelingiaty
e e e
AR B TP IR0 BTG RS oSO, Uy i RS i the
B e RS AR e BT B Sy e
SirfiROBRIRUIR AR FS{Biﬁ@mﬂﬁﬁsqya éb‘ﬁ%ﬁétﬂﬂ?%?mdﬂ”@&éto protein

Angiotensin Il mediate their effects through similar mechanisms and

deﬁé‘é‘é%rﬁ PRREMOTKENZ R | k@hh dBMBMINItRE Bo MRy SRARISR B PIF.

ese results suggest that PIF activates PKR, 14 which In turn causes

phospheylatipsb&vedeAce, P HFishaINGHthahiHégi@ation of 4E-BP1
methionyl-tRNA (met-tRNA) to the 40s ribosomal subunit. BCAAS, insulin,

phagshisBftatioatt®huseicPifedolee oy tatioungbf RKFL - isdlkeddthytRIEan also reduce
further supporting the hypothesis that PIF upregulates phosphorylation of

pragéi2 sy mehiesigoih proghi e KyhthediaieSiackvRidR obthmbdinplibieorsyatblessphatase

and activate NF-KB, which leads to protein degradation, PKR is likely an
PPeviyvbish sandering alesighalidrppasmhaly etiprFof 4E-BP1, which in turn
sequesters elF4E into an inactive complex, preventing the formation of the 43s pre-
initiation complex.

FIG. 9 shows an alternative mechanism. Both proteolysis inducing factor (PIF)
and angiotensin Il (Ang Il) decrease protein synthesis by 40%, and the concentrations of
both agents that are maximally effective in the depression of protein synthesis are the
same as those that are maximally effective in the induction of protein degradation. The
results suggest that both insulin and IGF 1 , at least partly, attenuate the protein
degradation induced by PIF through inhibition of PKR and/or elF2a phosphorylation. The
mechanism of activation by PIF and Ang Il may be through PACT (protein activator of
interferon-induced protein kinase), a cellular protein activator of PKR, although PIF is
also a polyanionic molecule, and thus may activate directly. Regardless, phosphorylation

of elF2a by PIF and Ang Il seems to occur through PKR, since a PKR inhibitor

attenuated the inhibitory effect of both agents on protein synthesis. The effect
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There is also evidence that PKR is involved in the regulation of 4E-BP1
phosphorylation. Thus, if PIF does signal through PKR, it is likely that it
can also reduce protein synthesis through PKR-mediated activation of the
serine/threonine phosphatase PP2A, which can bring about the
dephosphorylation of 4E-BP1 , which in turn sequesters elF4E into an
inactive complex, preventing the formation of the 43s pre- initiation

of EBFH;ﬁé’i?ﬁ@@éﬁ@ﬁ/@@f‘?ﬁltgﬁﬁbﬁﬂﬁ/@&é@ﬁﬁﬁ@rﬁ? BURE ProtedRyereased

inducing factor (P g and angiotensin 1l (Ang Il) decrease protein
Phasp éﬁi@“&? %%LF fid the concentrations of both agents that are

e o B AR ARG e aE o v
dation.. insulj
) (ol 20408 MR e BHEEE BRI U 8RS Fulindl BB for the
ro@fo?téiBz%nsﬁ%s#Fo%MWWmMﬁH% N6 msmﬁemafég%wi%na Ang Il is

IF and Ang Il ' may be through PACT (protein activator o
prdvﬁé@%@%\ﬂﬁ%ﬁimﬁmﬁﬁ)irﬁ@ﬁ“ﬁm REREINAGEMARI O BRESRve in
g

althou IF is also a polyanionic molecule, and thus may activate

sughieedindiaarHBase i BopRiterajiemcafse kotadmélaaBa ARSHItRERI@SCtion of
to occur through PKR, since a PKR inhibitor attenuated the inhibitory

elFteohof frasty Rgent Daitapcoliertsy stggistsiimatctiedBCAAS bib Wirkahebugh the
Ang Il on protein translation appears to arise from an increased

samieaselabaylstionoahbilkiR th elthegircibittonpat prate iniBgtet dyi Pl apuptssidy provides
by tumor necrosis factor-a (TNF- a) is also associated with increased
theplirss phisignetorf af relrtenshipthetvweppirefdepression of protein synthesis in
skeletal muscle by PIF (and Ang Il), through activation of PKR, and elF2a
phosphorylation, and the enhanced degradation of the myaofibrillar protein myosin,
through activation of NF-kB resulting in an increased expression and activity of the
ubiquitin-proteasome proteolytic pathway. This suggests that agents which target PKR
(e.g., BCAAs) may be effective in the treatment of muscle atrophy in cancer cachexia.
FIG. 10 shows a further alternative mechanism. As previously stated, both
proteolysis inducing factor (PIF) and angiotensin Il (Ang Il) increase protein degradation
through phosphorylation of PKR and/or elF2a. NF-kB may be activated by PIF or a
downstream mediator of PIF (PKR and/or elF2a) which occurs through the release of
NF-kB. In this further alternative mechanism, NF-«kB is not part of the same
phosphorylation cascade despite having the same target to promote ubiquitin-tagging of

proteins to be degraded.

Together, the data above support a number of novel aspects of the present
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role of elF2a phosphorylation in the inhibition of protein synthesis by PIF
and Ang Il is provided by the observation that both insulin and IGF1 ,
which were effective in suppressing the inhibition of protein synthesis,
completely attenuated the induction of elF2a phosphorylation. Data
collected suggests that the BCAAs also work through the same
mechanism to inhibit the degradation pathway initiated by PIF. This StUd%y

InvERSiABeS raterdis Man ke sanlekasbIRHRADBLARSR I85s dbpreisdibidus!

2n 3ERAREH BIORR APl BHRBA A oA AR) SSRER B roush nhibitng
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inHﬂBHéE‘%Pﬂﬁ%RﬁB@iBf%&qﬁ{&ﬂg%ﬁﬁ% ﬂe@eﬁ%%ﬁf?eﬁ%%tﬁ'&?ﬁﬂ?ﬁ&@ ?nd IGF-1,

mechanism. As previously stated, proteolysis inducing factor

ma@rﬂﬂ@@g'&t%i&ﬂib%&%i'E@Rﬁ?ﬁ%ﬁtﬁf@ oS OFRARLIRIadONYSIg protein
phosphorylation of PKR and/or elF2a. NF-KB may be activated by PIF or

cafabanystieaandraisialfdy HtHERR @nsiiar. elF2a) which occurs through
the release of NF-KB. In this further alternative mechanism, NF-KB is not

part Nbthtosaims ophosphesytaiiqnticaseddecntispiia diavitgdheesanatuthy BT AAs,

to promote ubiquitin-tagging of proteins to be degraded. Together, the
alodiataraboeerdingiorn avithiniselinf IGFva| sapdoiscoPKie ipfebiot. BEGAAs may be

invention. First, BCAAs may be employed to treat muscle loss in an
adintigigued by theitdrmigingsp astclipeptidbslismtrinepiided. g PFHyasglisies, as BCAA-

Angiotensin |l through inhibiting
rich protein, and/or as protein manipulated to enrich the BCAA content. Dipeptides,
tripeptides and polypeptides may include two or more BCAAs. Where non- BCAAs are
included in a dipeptide, tripeptide, or polypeptide preferred amino acids include alanine
and glycine, but non-BCAAs may be any of the dispensable or indispensable (essential
or non-essential) amino acids. For example, preferred dipeptides include, but are not
limited to, alanyl-leucine, alanyl-isoleucine, alanyl-valine, glycyl-leucine, glycyl-
isoleucine, and glycyl-valine.

Nutritional products according to the invention may similarly include precursors

and/or metabolites of BCAAs, particularly precursors and/or metabolites of leucine, in
addition to or in place of BCAAs. Such products may further include any number of

additional ingredients, including, for example, a protein, a fiber, a fatty acid, a vitamin, a

mineral, a sugar, a carbohydrate, a flavor agent, a medicament, and a therapeutic agent.
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the activation of PKR and/or elF2a. Second, each of the BCAAs is equally

effective in such antagonization. Third, the co-administration of insulin,

IGF-1, and/or a PKR inhibitor, or the use of treatments to increase level of

either or both of insulin and IGF-1 may increase the efficacy of BCAA

treatments by further antagonizing protein catabolism, enhancing protein

synthesis, or both. Nutritional products according to the invention may, _

therdfopd)ytidignal Beoapsts Qidhe BraRsdimRERIhRhbRdmINtsiered orally, via a
r a PKR inhibitor. BCAAs may be admsigistere in their free formf,an

d/
feeqing e P RS N SLCh P RS S AN R R SAGREN O
) / i ipul ich BCAA . Di i ,
mﬂ?ﬁ@&o“@ﬁé@?{tﬁ&%gﬁﬁ@fﬂ %?ﬁn@(éaéri%a @”aéﬁg%%%ﬁ%@%%s’n%m-
oS Aeainlhdern acipende RSRLI or ARIRSRILSMEIENC sociaed,
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C
amino acids include alanine and glycine, but non- may be an

incil§ H&RSPé%ﬂlﬁp%,‘Bgma%ﬁégéﬁﬁm&ﬁlirﬁfé}&%;t 'I@Q?a% Sis, chronic

i
acids. For example, preferred dipeptides include, but are not limited to,

he SERAIdRUGCK AR -HHRHSINRAIREY Ialinge avGybiRicEHRgebRXI(AIDS),

isoleucine, and glycyl-valine. Nutritional products according to the

salbygahian drderr)ilabe Hshdim PRegusosss anséplmetiodiee DhRRAASIs of

particularly precursors and/or metabolites of leucine, in addition to or in
trighjeeedd sl CARmsS G dizeasst sty iatbeigraiditianyarsandlesddiction, pain,

additional ingredients, including, for example, a protein, a fiber, a fatty
insaciaja itpoglycanmianecalpeosuigad, liveafbothatratecladiag @irdussis, gall bladder

medicament, and a therapeutic agent. 17 The nutritional products of the
disprdeemtahoeaaicly shinebia cadinisigney disdiigdaridnciuding uremia.

The foregoing description of various aspects of the invention has been presented
for purposes of illustration and description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed, and obviously, many modifications and
variations are possible. Such modifications and variations that may be apparent to a

person skilled in the art are intended to be included within the scope of the invention as

defined by the accompanying claims.

18



feeding tube, or parenterally. Such products may be used in the treatment
of an individual suffering from any number of muscle wasting diseases,
disorders, or conditions, or any disease, disorder, or condition with which
muscle loss is associated, including, for example, cachexia, cancer,
tumor-induced weight loss, sepsis, chronic heart failure, rheumatoid
arthritis, acquired immune deficiency syndrome (AIDS), sarcopenia,
diabetes, hypertension, high levels of serum cholesterol, high levels of
triglycerides, Parkinson's disease, ifsbMM2 drug addiction, alcohol
addiction, pain, insomnia, hypoglycemia, compromised liver function,

Whatisdilamadri®sis, gall bladder disorders, chorea, dyskinesia, and a
kidney disqrder, jncluding uremia. The foregoing description of various

1. aspe eo??tﬁg ﬁﬂﬁﬁw@ BE&%@?@E %gr purposes of illustration
and descriptiBP.nltri]s Qo%i%enpnefrq to 98 @i?ﬂ',ﬁﬂve or to limit the invention
to the preci%e fanm drsél o%e(f Ang 86%iols , many modifications and

variations %&%&?} é‘ (s:n modifications and variations that may be
apparent tg{a pers ngsckl Feg 'in the art are intended to be included within

the scope of gieAdRveRIQLAS defined by the accompanying claims. 18
CLAIMS What is claimed is: 1. Use of an effective amount of at least one

of: a branchegbahiiapivRacigr(BCAA); a BCAA precursor, a BCAA
metabolite,

a protein manipulated to enrich the BCAA content in the preparation of a
medicament for the treatment of muscle loss,
wherein at least one of the BCAA, BCAA precursor, BCAA metabolite, a BCAA-
rich protein, and a protein manipulated to enrich the BCAA content, antagonizes

protein catabolism.

2. The use according to claim 1, wherein the medicament includes a plurality of
BCAAs.
3. The use according to claim 1, wherein the BCAA is selected from a group

consisting of: leucine, isoleucine, and valine.

4. The use according to claim 1, wherein at least one of the BCAA, the BCAA
precursor, BCAA metabolite, a BCAA-rich protein; or the protein manipulated to enrich
the BCAA content promotes protein synthesis.

5. The use according to claim 1, wherein the BCAA is present as at least one of: a

dipeptide, tripeptide, polypeptide or a peptide enriched in BCAAs.
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a BCAA-rich protein; or a protein manipulated to enrich the BCAA content

in the preparation of a medicament for the treatment of muscle loss,

wherein at least one of the BCAA, BCAA precursor, BCAA metabolite, a

BCAA- rich protein, and a protein manipulated to enrich the BCAA

content, antagonizes protein catabolism. 2. The use according to claim 1,

wherein the medicament includes a plurality of BCAAs, 3. The use _
6. accolBfhg'&s Asrerding i fiaiMne BEXRINISR diReRiiiedn¢lusies pvo branched chain

consisting of: leucine, isoleucine, and valine. 4. The use according to
AMACvherein at least one of the BCAA, the BCAA precursor, BCAA

metabolite, a BCAA-rich protein; or the protein manipulated to enrich the

BCAA content promotes protein synthesis. 5. The use according to claim

7. oty e Bl B R AR BT R oG T e Bt oenrice
coftlpiBed AYNEISIT HREFUBERLGS IGI YGRS AR AL ﬁhﬁﬂ(gCQa'& RAERSPLYSast one

7. The use according to claim 5, wherein said dipeptide, tripeptide or

indRY¥RSRERE FRTBRIINS $:34 I8@alone dispensable or indispensable amino
acid, wherein at least one indispensable amino acid is a BCAA. 8. The
use according to claim 5, wherein the dipeptide includes one of alanine
and

8. The use according to claim 5, wherein the dipeptide includes one of alanine and
glycine.
9. The use according to claim 5, wherein the dipeptide is selected from a group

consisting of:

alanyl-leucine, alanyl-isoleucine, alanyl-valine, glycyl-leucine, glycyl-isoleucine, and

glycyl-valine.

10.  The use according to claim 5, wherein the tripeptide includes at least two BCAAs.

11.  The use according to claim 1, wherein the BCAA precursor includes pyruvate.

12.  The use according to claim 1, wherein the BCAA metabolite is selected from a

group consisting of: B-hydroxy-B-methylbutyrate and 3-ketoisocaproate.

13.  The use according to claim 1, wherein the medicament further comprises:

at least one of: insulin and insulin-like growth factor 1 (IGF-1).
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glycine. 9. The use according to claim 5, wherein the dipeptide is selected
from a group consisting of: alanyl-leucine, alanyl-isoleucine, alanyl-valine,
glycyl-leucine, glycyl-isoleucine, and glycyl-valine. 10. The use according
to claim 5, wherein the tripeptide includes at least two BCAAs. 11. The
use according to claim 1, wherein the BCAA precursor includes pyruvate.
12. The use according to claim 1, wherein the BCAA metabolite is

1450ledRIYFSRSE ARG IR g e SIRYaRdRe{IsaMAnY iR htesRerises:

(3-ketoisocaproate. 13. The yse according to claim 1, wherein the
mediéﬁlﬁg{ﬁﬂﬁ EOYRLRE. KRS @i-é Wﬁ?ﬁ?ﬂin and insulin-like
growth factor 1 (IGF-1). 20 14. The use according to claim 1, wherein the
medicament further comprises: an RNA-dependent protein kinase (PKR)

L 8 B BBV BRI e

additionally: raises a level of at least one of the following: insulin and
IGF-1. 17. The use according to claim 1, whgféin the medicament
comprises an orally- administraﬁkﬂ?* utriti arprdduct comprising at least
one of the following: the BCAA, the=BEAA precursor, the BCAA
metabolite, the BCAA-rich proteint orthe protein manipulated to enrich
the BCAA content. 18. The use accordinrb to claim 17, wherein the
orally-administrable nutritional

16.  The use according to claim 1, wherein the medicament additionally:

raises a level of at least one of the following: insulin and IGF-1.

17.  The use according to claim 1, wherein the medicament comprises an orally-
administrable nutritional product comprising at least one of the following: the BCAA, the
BCAA precursor, the BCAA metabolite, the BCAA-rich protein; or the protein

manipulated to enrich the BCAA content.

18.  The use according to claim 17, wherein the orally-administrable nutritional
product further includes at least one of the following: a protein, a fiber, a fatty acid, a
vitamin, a mineral, a sugar, a carbohydrate, a flavor agent, a medicament, and a

therapeutic agent.

19.  The use according to claim 1, wherein the medicament is formulated for

administration via a feeding tube and comprises at least one of the following: the BCAA,
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product further includes at least one of the following: a protein, a fiber, a
fatty acid, a vitamin, a mineral, a sugar, a carbohydrate, a flavor agent, a
medicament, and a therapeutic agent. 19. The use according to claim 1,
wherein the medicament is formulated for administration via a feeding
tube and comprises at least one of the following: the BCAA, 21 the BCAA

precursor, the BCAA metabolite, the BCAA-ri%rptein; or the protein
theBlefist RiReH BN h R B C1eiebaliR i 96 Cite ik RIGEIRIAG the AENRIN

1, the medicament is for %#gted for parenteral administration and
mwgﬂg&%?fg&g} %We%g] NAing: the BCAA, the BCAA precursor,

the BCAA metabolite, and dipeptide or tripeptide containing at least one

BCAA. 21. The use according to claim 1, wherein the protein catabolism is

coMeSiEd el ApInTBEIN B 2) HENIS NN Rk ()

Angiotensin elF2a; o a combination thereof.

adhFRAEAUAIIA SRS WP RIEH é'ﬂ% BIYRE' Folf35il) ARYBRIRR) BETREAR

an individual having at least one of the following: cachexia, cancer,

préBMesrinAEISE AWGIEILIRITe SERS ISiTeHiRiCOReRSEFIHY @ oHisWREaldeast one

arthritis, acquired immune
BCAA.

21.  The use according to claim 1, wherein the protein catabolism is mediated directly
or indirectly by:

(a) proteolysis inducing factor (PIF);

(b) Angiotensin Il;

(C) PKR;

(d) elF2a; or

(e) a combination thereof.

22.  The use according to claim 1, wherein the muscle loss is a symptom present in
an individual having at least one of the following: cachexia, cancer, tumor-induced
weight loss, sepsis, chronic heart failure, rheumatoid arthritis, acquired immune
deficiency syndrome (AIDS), sarcopenia, diabetes, hypertension, high levels of serum
cholesterol, high levels of triglycerides, Parkinson's disease, insomnia, drug addiction,
alcohol addiction, pain, insomnia, hypoglycemia, compromised liver function, including
cirrhosis, gall bladder disorders, chorea, dyskinesia, and a kidney disorder, including

uremia.
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deficiency syndrome (AIDS), sarcopenia, diabetes, hypertension, high
levels of serum cholesterol, high levels of triglycerides, Parkinson's
disease, insomnia, drug addiction, alcohol addiction, pain, insomnia,
hypoglycemia, compromised liver function, including cirrhosis, gall
bladder disorders, chorea, dyskinesia, and a kidney disorder, including
uremia. 22 23. A nutritional product comprising at least one of the

23follothiRYiriPAA MEAdRCE RAMRIRING AlcRA eRAG hdllaviRgeursor, a

BCAA metabolite, a BCAA-rich ejn, or a protein manipulated to enrich
the BOIKCRRREAANAERAR SEIIASCOHY of the BCAA, BCAA precursor,
BCA%%%Rborlite rBCAA-rich protein, and a protein manipulated to enrich
the B co%t%crﬂ 3ﬂEagonizes protein catabolism. 24. The product of

clai ISi plurality of BCAAs. 25. The product of claim 23,
Whgrae%%tﬁgré%%tgélected from a group consisting of: leucine,

isoleyigipa, Ananalsigi2 e, The product of claim 23, wherein at least one of
the BCAA, the BCAA precursor, the BCAA metabolite, the BCAA-rich

proteiny iSRRI BanPraiRies e asrah BsnBGAA content further

promotes protein synthesis. 27. The product of claim 23, wherein the
whBfefvaisatinitister eseasd2ast BOA R @cursor, BCAA metabolite, BCAA-rich
protein, and a protein manipulated to enrich the BCAA content antagonizes protein

catabolism.
24.  The product of claim 23, comprising a plurality of BCAAs.

25.  The product of claim 23, wherein the BCAA is selected from a group consisting
of: leucine, isoleucine, and valine.

26.  The product of claim 23, wherein at least one of the BCAA, the BCAA precursor,
the BCAA metabolite, the BCAA-rich protein, or the protein manipulated to enrich the

BCAA content further promotes protein synthesis.

27.  The product of claim 23, wherein the BCAA is administered as least one of: a

dipeptide, tripeptide or polypeptide.

28.  The product of claim 27, wherein the dipeptide includes two branched chain

amino acids.
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dipeptide, tripeptide or polypeptide. 28. The product of claim 27, wherein
the dipeptide includes two branched chain amino acids. 23 29. The
product of claim 27, wherein said dipeptide, tripeptide or polypeptide
comprises at least one dispensable or indispensable amino acid, wherein
at least one indispensable amino acid is a BCAA. 30. The product of
claim 27, wherein the dipeptide includes one of alanine and glycine. 31.
29The PrERICCUFERIifIAT, S drafiaitesaif<pntitidesdiiRartde hRolRRRIde
con_sistin?:of: alanyl-leucine, zllegngl-isoleucin , alanyl-valin
0

ORI RALRS , 1 SB A O A SRRIPRELE RN 3918 WBARIP Gt least one

in Iain% 27 Iwher.%in trgle trsipeB' Aincludes at least two BCAAs. 33. The
0 u%?%?cefgllr"nozﬁ, \?fﬁe?em e BCAA precursor includes pyruvate. 34.

The product of claim 23, wherein the BCAA metabolite is selected from a
group consisting of: (3-hydroxy-(3-methylbutyrate and (3-ketoisocaproate.

3035 itz Raduet of Slaim gﬁ’\ﬂﬂéﬁﬁ)ﬁ ?HE‘&&%&%@HW@&&@ HP?IHH?r%%d

insulin-like growth factor 1 (IGF-1). 36. The produ claim 23, further
g|yem@prising an RNA-dependent protein kinase (PKR) inhibitor. 24 37. The
product of claim 36, wherein the PKR inhibitor has the structure:

31.  The product of claim 27, wherein the dipeptide is selected from a group
consisting of: alanyl-leucine, alanyl-isoleucine, alanyl-valine, glycyl-leucine, glycyl-
isoleucine, and glycyl-valine.

32.  The product of claim 27, wherein the tripeptide includes at least two BCAAs.

33.  The product of claim 23, wherein the BCAA precursor includes pyruvate.

34.  The product of claim 23, wherein the BCAA metabolite is selected from a group

consisting of: B-hydroxy-B-methylbutyrate and -ketoisocaproate.

35.  The product of claim 23, further comprising at least one of: insulin and insulin-like

growth factor 1 (IGF-1).

36.  The product of claim 23, further comprising an RNA-dependent protein kinase

(PKR) inhibitor.
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38. The product of claim 23, further comprising at least one of the
following: a protein, a fiber, a fatty acid, a vitamin, a mineral, a sugar, a
carbohydrate, a flavor agent, a medicament, and a therapeutic agent. 39.
The product of claim 23, wherein the protein catabolism is mediated
directly or indirectly by: (a) proteolysis inducing factor (PIF); (b)
Angiotensin ”;FSC) PKR; (d) elF2a; or (e) a combination thereof. 40. The

37 prodl1ee Sresirs 2ClAimeASinhe sid dirFik R/ makiniiastie aBiai@r via
a feeding tube. 41. The product of claim 23, wherein at least one of the
following is administered parenterally: the B jl}a the BCAA precursor,
the BCAA metabolite, and dipep! idelor t peptide containing at least one
BCAA. 42. A nutritional product c [nBT sing=at least one of the following:
25 a branched chain amino acid ( wig BCAA precursor, a BCAA
metabolite, a BCAA-rich protein; or a protein manipulated to enrich the
BCAA content,

38.  The product of claim 23, further comprising at least one of the following: a
protein, a fiber, a fatty acid, a vitamin, a mineral, a sugar, a carbohydrate, a flavor agent,

a medicament, and a therapeutic agent.

39.  The product of claim 23, wherein the protein catabolism is mediated directly or
indirectly by:

(a) proteolysis inducing factor (PIF);

(b) Angiotensin II;

(C) PKR;

(d) elF2a; or

(e) a combination thereof.

40. The product of claim 23, wherein the product may be administered orally or via a

feeding tube.

41.  The product of claim 23, wherein at least one of the following is administered
parenterally: the BCAA, the BCAA precursor, the BCAA metabolite, and dipeptide or

tripeptide containing at least one BCAA.

42. A nutritional product comprising at least one of the following:
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for use in the treatment of muscle loss, wherein at least one of the BCAA,
BCAA precursor, BCAA metabolite, BCAA-rich protein, and a protein
manipulated to enrich the BCAA content antagonizes protein catabolism.
43. The product of claim 42, comprising a plurality of BCAAs, 44. The
product of claim 42, wherein the BCAA is selected from a group consisting
of: leucine, isoleucine, and valine. 45. The product of claim 42, wherein at
leasBAHB 9 BeRARCBCIAARrEAFsor, the BCAA metabolite, the
BCAA:-rich protein, or the protein manipulated to enrich the BCAA content
furth%rBﬁBéBfggLﬁﬁﬁ%in synthesis. 46. The product of claim 42, wherein

the B is present.as at least one of: a dipeptide, tripeptide or
S0l e

polyfﬁl foduct of claim 46, wherein the dipeptide includes
two Qr d. chai ino acids. 26 48. The product of claim 46, wherein
said%l%ep id%,&ﬂ%@g)ﬁgjégoa polypeptide comprises at least one

dispensafim oh PHRIEIABI B DM E B AKNESRIB AL least one

indispensable amino acid is a BCAA. 49. The product of claim 46, wherein

fortiEeciPaRIitiR ARGIIGES A OlANING RAEITHGEIR Fhe IO BRIKAOBCAA

claim 46, wherein the dipeptide is selected from a group consisting of:

predaridr RCNE naEaybiise| BCRR rialapybictingn @i eybiercingniigited to enrich the
isoleucine, and glycyl-valine.

BCAA content antagonizes protein catabolism.
43.  The product of claim 42, comprising a plurality of BCAAs,

44.  The product of claim 42, wherein the BCAA is selected from a group consisting

of: leucine, isoleucine, and valine.
45.  The product of claim 42, wherein at least one of the BCAA, the BCAA precursor,
the BCAA metabolite, the BCAA-rich protein, or the protein manipulated to enrich the

BCAA content further promotes protein synthesis.

46.  The product of claim 42, wherein the BCAA is present as at least one of: a

dipeptide, tripeptide or polypeptide.

47.  The product of claim 46, wherein the dipeptide includes two branched chain

amino acids.
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51. The product of claim 46, wherein the tripeptide includes at least two
BCAAs. 52. The product of claim 42, wherein the BCAA precursor
includes pyruvate. 53. The product of claim 42, wherein the BCAA
metabolite is selected from a group consisting of:
(3-hydroxy-(3-methylbutyrate and (3-ketoisocaproate. 54. The product of
claim 42, further comprising at least one of: insulin and insulin-like growth

48factdre (@(ﬂdlﬁt ‘EfBC'EFHéApﬁoWU@f ‘?Jf‘c‘}aiPndA@eRH%eV'@EHH%ﬁ{gj)awpept'de
RNA-de endent otein kinase inhibitor. 27 56. The product of
C°’E\8ﬂﬁ®§ %Rf—‘?ﬂﬁ#?o s AG AR IInNNFISIEL last one

%further comprising i}gast one of the following: a protein, a

'ndfp e‘?n ﬁffr;\nc"bo 3%??5%% (2 heral, a sugar, a carbohydrate, a flavor
agent, a medicament, and a therapeutic agent. 58. The product of claim
42, wherein the protein catabolism is mediated directly or indirectly by: (a)

49 ProtgRlySis iU Apg iant o (RIS AN IR RRIE Mcﬁ(raep KRe 6%%:@%@;and

or (e) a combination thereof. 59. The product of claim 42, wherein
g|yer,q)éi_uct may be administered orally or via a feeding tube.

50.  The product of claim 46, wherein the dipeptide is selected from a group
consisting of: alanyl-leucine, alanyl-isoleucine, alanyl-valine, glycyl-leucine, glycyl-
isoleucine, and glycyl-valine.

51.  The product of claim 46, wherein the tripeptide includes at least two BCAAs.

52.  The product of claim 42, wherein the BCAA precursor includes pyruvate.

53.  The product of claim 42, wherein the BCAA metabolite is selected from a group

consisting of: B-hydroxy-B-methylbutyrate and -ketoisocaproate.

54.  The product of claim 42, further comprising at least one of: insulin and insulin-like

growth factor 1 (IGF-1).

55.  The product of claim 42, further comprising an RNA-dependent protein kinase

(PKR) inhibitor.
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60. The product of claim 42, wherein at least one of the following is
administered parenterally: the BCAA, the BCAA precursor, the BCAA
metabolite, and dipeptide or tripeptide containing at least one BCAA. 28

56.  The product of claim 55, wherein the PKR inhibitor has the structure:

57.  The product of claim 42, further comprising at least one of the following: a
protein, a fiber, a fatty acid, a vitamin, a mineral, a sugar, a carbohydrate, a flavor agent,

a medicament, and a therapeutic agent.

58.  The product of claim 42, wherein the protein catabolism is mediated directly or
indirectly by:

(a) proteolysis inducing factor (PIF);

(b) Angiotensin II;

(C) PKR;

(d) elF2a; or

(e) a combination thereof.

59.  The product of claim 42, wherein the product may be administered orally or via a

feeding tube.

60.  The product of claim 42, wherein at least one of the following is administered

parenterally: the BCAA, the BCAA precursor, the BCAA metabolite, and dipeptide or

tripeptide containing at least one BCAA.
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