METHODS FOR THE TREATMENT OF MUSCLE LOSS BACKGROUND OF
THE I NVENTION 1. Technical Field The invention rel ates
wgensroakdly to the treatment of nuscle | oss in acmasnmb/045497

and nore particularly, to the adm nistration of one or
nore branched chain ami no acid(s) (BCAA), a BCAA
precursor, a BCAA netabolite, a BCAA-rich protein, a
protein mani pul ated to enrich the BCAA content or any
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| oss. The invention further relates to nutritional
formul ations suitable for such adm ni stration. 2.
Background Art Ami no acids are the nononeric buil ding

bl ocks of protBACKGROUSD OF THEIMNYENTIONe a wide
range of biol ogical conpounds, including enzynes,

1. argq,ﬁ%q Fr%ld hormones, transport nol ecules for ions and
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2. Baékground Aﬁ

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
tissués. Amino acids are considered hydrophobic or hydrophilic, based upon their
solubility in water, and, more particularly, on the pblarities 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



proteins. O the common 20 amino acids, nine are
consi dered i ndi spensable (essential) inhumans, as the
woady/eansot synt hesi ze them Rather, these ni RETAISRV6/045497
aci ds nust be obtained through an individual's diet. A
deficiency of one or nore am no aci ds can cause a
negati ve nitrogen bal ance. A negative nitrogen
bal ance, for exanple, is wherein nore nitrogen i
humaes ascthedodiigannet sinthesize bea. Rether, taeé%nmetarawomﬂs must be
| ead to disruption of enzymatic activity and the |oss
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have been identified for which treatnment with am no
causeat hégativeplieoger salanse. pAMsgatibe nidfdgendalaricey, fanexaniple, is
cachexia is a severe body wasting condition
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proteol ysi s-inducing factor (PI'F). One proposed
anemige chaatiexia isfa epnpmen Teaturs of a §Umbedétlﬂéa%ﬁ@spﬁﬁ%ﬁﬁ cancer,
synt hesi s; anot her proposed nmechanismof PIF is an
sepsisachianit heart ddilupe, chelimaitiig eettieits, amd acquited émprusgaisdigiency
mechani smis a conbination of the aforenmenti oned
syndratae (AH3S). | Other atusicle wistittedissasescand 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 broposed
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 II) has shown similar

effects and may be involved in the muscle wasting observed in some cases of cachexia.



activation of protein degradation. It has been
hypot hesi zed that the decreased protein synthesis
wazsomeatied with PIF is the result of PIF s abPCTg2006/045497

bl ock the translation process of protein synthesis.
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(PKR) activation of downstream factors. Inhibition of
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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 mRNA 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



subunit; and (2) the binding of nRNA to the 43s
preinitiation conplex. In the first step, net-tRNA
woiodoetast he 40s ri bosomal subunit as a ternaPgT/US2006/045497
conplex with eukaryotic initiation factor 2 (el F2) and
guanosi ne tri phosphate (GIP). Subsequently, the GIP
bound to el F2 i s hydrol yzed to guanosi ne di phosphate
(GDP) and el F2 is released fromthe ribosonal subunit
occurg fhreugiphecagtion of appther evkaryeticinitialion fapien @lk2Bawhishiprdiates
GDP for GIP to participate in another round of
guaninenny¢lgetidsexchange cxuelE2t ikl ls negelated by theopheapbiondation of -
eukaryotic initiation factor, el F2B, which nediates
elF2 agutsnalpba sublit twideh eum!misgtefrcum esuistratd A8 al competitive inhibitor
regul at ed by the phosphoryl ation of el F2 on its al pha
of elFgBbunit, which converts it froma substrate into a
conpetitive inhibitor of el F2B. In the second st ep,
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‘transla(:ional repressor elF4E-binding protein 1 (4E-BP1). 4E-BP1 competes with éIF4G
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 mammaiian target of
rapamycin (mTOR), where increased phosphorylation causes a decrease in the affinity
of 4E-BP1 for elF4E.

It is believed fhat MTOR is activated by phosphorylation and inhibitidn of the
tuberous sclerosis complex (TSC) 1-TSC2 complex via signaling through the
phosphatidylinositol 3 kinase (PI3K) 7/ serine/threonine kinase pathway (PI3K/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



4E-BPl i s regul ated through phosphorylation by the
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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 proteinl degradation via the NF-xB
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-«xB 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 PI3K
to its pleckstrin homology domain. PI3K-dependent activation of AKT also occurs
through phosphoinositide-dependent kinase (PDK1)-mediated phospﬁorylation of

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



As noted above, PIF is known to induce protein
degradation via the NF-kB pathway. Therefore, it is
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responsible for control of an antiviral defense pathway. PKR may be induced by fofms
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 activéting stimuli (e.g., insulin, IGF, BCAAs), PKR has been reported to form
homodimers and autophosphorylate. As a result, PKR is able to catalyze the
phosphorylatioh 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 IxK complex and

stimulates NF-xB-inducing kinase (NIK) while phosphorylating 1xK, resulting in its
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since PERK causes the rel ease of | KK from NF-kB, but
supplementationdand,sd partoular] amingdaaid supplementationy fean gHemRat to

to cause the degradation of I KK during the activation
increazfe PibtdilBsynthesis. 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



Known Treatnents for Miuscle Loss Treatnent of
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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 in'creasiﬁg 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
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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 (BCAA); 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 manfpulated 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
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the fOﬁ@mne ritetailed:drseriptian aff@@éfaﬁoeataawtﬁ §hthe 'ﬁvwm@han in

aspect, the invention provides an orally-adm nistrable
conjunetion; wito the! aqsoseRanyingowgningsriatdenietuarioyn engrodiments of the
foll owi ng: a branched chain am no acid (BCAA); a BCAA
invenfioreduwdhiaoh; a BCAA netabolite, a BCAA-rich protein, a
protein mani pul ated to
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-
o 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
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enrich the BCAA content, wherein at | east one of the
BCAA, BCAA precursor, BCAA netabolite, BCAA-rich
wonraai7@eais and protein mani pul ated to enrich t heCBOGA2006/045497

cont ent ant agoni zes protein catabolism The

illustrative aspects of the present invention are

desi gned to solve the problens herein described and

ot her probl enms not discussed, which are discoverable
protegiyticeaciivity oé Angiotensimll. BRI EF DESCRI PTI ON OF THE

DRAW NGS These and ot her features of this invention

vitIG. Soshavws & gragddéfl the eifdetr aftthe KR drikiitos of BIG ohinmgversing an

detail ed description of the various aspects of the
Angiotems@nil-intadidtel eadudtiondnjpusteini symthidsid) t he acconpanyi ng

draw ngs that depict various enbodi nents of the

| FIE9EheWs dnalelnaiive hiéshanlsri Wbﬁotémgfég?éﬁéﬁontmsed by

epression of protein synthesis by proteolysis

d
protedy@ﬁﬁid'ﬂlgmfgaf‘é&t%ﬁ (Félﬂ Eh f%?l?éd 93}“ rerfeR R é‘rglrﬁﬁémd{ S ulin and

oOWs a grap ect am no aci ds on
IGF- 1phosphoryl ation of el F2- a and PI F. FIG 3 shows a
graph of the effect of |nsuI|n and insulin-like growh

Fﬁ% % itk S R SRRIBERIEh 2 %fﬁme%eé%aﬁatmcaused by

otei n ki nase (PKR nhlbltor swtablefor n the.

. prote Sé%i!\?'ﬂlcinﬁ!\féﬁ*@r AlF) r@g@ag%\@x;gngf&@ﬁng@lﬁ%ﬁ@ﬁ fSe'BP'b'ted by
of the PKR inhibitor of FIG 4 on the

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 broteolysis—inducing factor (PIF)
-mediated muscle catabolism.

As used herein, the terrﬁs “treatment” and “treat” refer to both prophylactic or
preventive treatment and curative or disease-maodifying 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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proteolytic activity of PIF. FIG 6 shows a graph of
the effect of the PKR inhibitor of FIG 4 in reversing
wa 20i7eaasli at ed reduction in protein synthesi sPCFIUS2006/045497
shows a graph of the effect of the PKR inhibitor of
FIG 4 on theproteolytic activity of Angiotensin I,
FIG 8 shows a graph of the effect of the PKR
inhibitor of FIG 4 in reversing an Angiotensin
and/ott prameatioat efcheadit i ah dndividugirnst @ufgﬁe@wfrn@sa disepsesbot who may be
shows an alternative nechani smof protein degradation
susceptbiedd they dpvalbpokysofan acheslthg cbadition, §uRiFs aitrdgen imbalance
I nhi bited by branch chain am no acids, insulin and

or mub&E1dss. EbiEckhicnlpvn Rffetivdainoaht & arbimcniErhaeata disease
of protein degradation caused by proteolysis inducing

or e Shndiiri 4 BHELA Bl et eI ETOyATeS ShifRohat
physidellé@’c%lopr &edé%épgﬁgﬁ}ﬁé I?@éra intRFa i AW P Rht E%ﬁplg rb\é‘ﬁ%’ﬁ*&?’? doctor-

_ aw ngs are I nt ende
o b e BRShu Lot BRP AR hPeri Stk MY 1 ferem o
refer o RN PTHEE FLTERS ARGTORIAG Abe B LLvidual and

o for the treatment of nuscle loss in an individual. -
patienp refes geany maanmal suffesingdions @5 akiigk v gduedisalzondifion, such as

i nvention reduce nuscle catabolism particularly.
musclprlessol ysi s-i nduci ng factor (PIF)

Experimental Data

In order to determine the efficacy of branched chain amfno acids (BCAAs) and
other agents in reducing muscle catabolism, murine C2C42 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-xB, British Journal of Cancef, 89:1116-22

(2003), which is also hereby incorporated by reference.
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I-Irredi ated nuscle catabolism As used herein, the terns

treatment” and "treat” refer to both prophylactic or
woneweaidige treatnment and curative or di sease- ROTIUSI00Y45497

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 di agnosed as suffering froma di sease or nedi cal

cepsli1 iy 2papieonthe ddppassianme! pratain syntbesis ailRSb at increasing
h

refer to the mai ntenanceand/ or pronotion of health in

conc agraiiagé Vr%?%i'%{rea% c?mﬁrgtfsgygt Qﬁmﬁté aPM)disse perchtdgandtca oantrol

conditidep ehto : opnent of an unhealt hy
, Ssuch.as: i . : .
oo AR O, it g s
reats a disease or nedi.cal , ¢ iti 0 i Nnali.-wi
depreseion gl piols e Ol 8L STTE sop Bl of 421kl e
physi ol ogi cal , or nedical benefit taq T A
measkrarprpkaalyiactbEy SRS (o bemaIS RseTishlY deer i 84 Ubiadiin-tike
addition, while the terms "individual” and "patient” ‘
degratfationfattvityused herein to refer to a human, the
|_nve_nt!onis not so limted. Accordingl the ternms
" iFnGi 2 sHoak 'a graph'optie eensitometriy ana,ly%igp)fl \egtain blots of
suffering fromor at risk for a nedical condition,

| phong&gla@éd BHSCY, 8n 0985 miseBes eabatedDaitiaPIF leudiee, isgeucine,
etermne the efficacy of branched chain am no acids

valink BRARSINAD & 3t D8 inif SIYHS aloReREUR i deehpiutBnewith PIF. The control
8 ne

cir Angi L)tsg]qsmr I [, i | llm_rryo; ubes yverae e_xpgsed. to PIF .

samp}g zg\t@zrﬂr&iw%a: e \in'p ﬁ§§| | %’rl])%! f%%{(}‘ %énlfnl ég@g)bvﬁ\?ﬁééﬂﬁbe seen in FIG.
2, Plgjmcprg@s,%pw_hﬁ)mlgt?angcaﬁ ql?é—% 'siBrrﬁhgéﬁt%f, boﬁalp%rwﬁ) the control. Each
of the amino acids reduced elF2-o. phosphorylation i‘n the presence of PIF, compared to
PIF alone. Howeve‘r, the BCAAs (i.e., leucine, isoleucine, and valine) reduced such
phosphorylation to about the level of the control or below, while methionine- and
érginine-induced phosphorylation levels were greater than that of the control.
Surprisingly, unlike known treatment methods directed toward increasing prdtein
synthesis, and where leucine exhibits greater efﬁcécy 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 incubaﬁon of insulin

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

reduced elF2-o phosphorylation in the presence of PIF, compared to PIF alone. Thus,
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MAC16 tunors as described by Smth et aL, Effect of a
Cancer Cachectic Factor on Protein
wepmi7hesi1s/ Degr adati on in Mirine C2Cl2 Myobl asPeT/US2006/045497
Modul ati on by Ei cosapentaenoi ¢ Acid, Cancer Research,
59:5507-13 (1999), which is hereby incorporated by
reference. Protein degradation was determn ned using
t he nethod descri bed_ by Wjtehouse et al., Increased"
the abﬁs&w&%@f‘@ﬁ tgrdacrrased? fanediatast Rrokin grerasiatinnayay be
Miuri ne Myot ubes by Proteol ysis-Inducing Factor (PIF)
supplersemted s ieahatced by thecadditien ehingtlin ard/or Kefsdrardw tegatments that
Factor NF-kB, British Journal of Cancer, 89:1 116-22
increage Qs Jevelndii inbulirsarad/solGfed eby i ncor por at ed by
reference. FIG 1 shows a graph of the depression of

PFIG. @i ghowsrithBesiustupé oPhPKER inhitsifor aséNg irc et RI¥cFed ity BIF-
neasured in counts per mnute (CPM as a percentage of

induced Biih AegFRiHtiah @nﬂgné\‘éag’lhg pr&eﬁ Qﬂﬂlﬁééﬁ@%ldlﬁ%é?hhé’@ as a

in protein synthesis is no a maxi num

positiVESRIESF bPIBKRme%ﬂ@?\' rFl%l‘é”%sf?éﬁaN ﬂfé:rlér LS %{ @%;I)é"r rhets mvolvmg

concentration o he> measur 6d prot e
: LYk f i £ esc
e R B 4 B a@éﬁapiﬁ%b‘?g%i’ﬂ b R FEEA 5 1.
g h of the d an ern
FIG, %H&E\ A BN BIF e BBRio Rt eriRhat Daded i wﬁen
Pl F Ieu0|ne i.sol eu0|ne val i ne, nethioni ne, and
incubajed alange theaddition ehibe AR inhibitnrieyrieed prefeindearadationlevels
control sanple was incubated only in phosphate
back tp@bput hess &f threcqmed) Simiarlyain bS.$eéreanbersepn that mhife PIF
i ncreases phosphoryl ation of el F2-a significantly,
reducedprdeis dyniheslseur tonabaut 25Eawheofindubatexhalone athiedsldition of the
reduced el F2-a phosphorylation in the presence of PlF,
PKR isloibiterrredersed 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 Athis trend,
maintaining protein degradation levels at about that of the control. Similérly; 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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Pl F al one. However, the BCAAs (i.e., |eucine,

i sol euci ne, and valine) reduced such phosphoryl ation
woaoEwoutist he | evel of the control or below, WRCTAIS2006/045497

met hi oni ne- and ar gi ni ne-i nduced phosphoryl ati on

| evel s were greater than that of the control

Surprisingly, unlike known treatnment methods directed

toward increasing protein synthesis, and where | eucine

whichﬁﬁ%rﬂi(ﬁaﬁsgé Eg%@%qcﬁfﬂ%h@@@i’emaﬁ ihhiBitinlgltae bBEVG of intiiabar

ata show t BCAAs are about equally effective

metnipBUitRRAF LSRN BIE A6 RBSSARAr sl Bito BAAL iR, ahd IGF-1

Setaimd - g atron beves resulting from ‘
uci ne and valin cubati o '
attenuatonhe BROSISRIERD G ¢ FErbBersed e oA sy SuppRfifig tne
shows the results of simlar experinents_invol vi n,% thﬁ] .
in synthesis.

hypothesis tiadti RIff upregulaigsi phoaphiony@tion of el Zypdo ibit prote
conbination with PIF. Both insulin and | G--1

Since;#;ﬂﬁi d‘dn‘%ﬁﬂifhltélrél:témﬁﬁ‘fﬂhéﬁifan@a@ﬂMQ INF-yB Awhich [éads toeprotein

presence 0 conpared to PIF alone. Thus,the
dearaiph R i T PR ERT R Ly ERUrRIIng £ vy o
aﬁ‘gi;@eat%ﬁa@%tsﬁé@% %?f’i ik FineYepgROTRTAE £l
phospk@yEHeNnd NBh Al RiluBece SBBRN OB SBa E REhpet ! caRafso reduce
oo e 1 SR b b e g st

- results of experinments involving the | '
PP2/ARKRvich babibriog abauttetiapheseioryaian 0F Ak ISP RAGhiRR iPfurh e

. Angiotensin Il. In FIG 5, it can be seen that while
sequBbters aiPUEsisdapinactve complexdataventing theofognasion ghthe 43s pre-
i ncubat ed al one, the addition of the PKR inhibitor

initiafi@Y 86rpRxPr ot ei n degradation |evels

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 Amaximally effective in the depression of protein synthesis are }the
same as those that are maximally effective in the induction of protein degradation. The
results suggést that both insulin and IGF1, 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. Regardiess,

phosphorylation of elF2a by PIF and Ang |l 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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back to about those of the control. Simlarly, in FIG
6, it can be seen that while PIF reduced protein
wepmi7hesils up to about 25% when incubat ed al oneCTHIS2006/045497
addition of the PKR inhibitor reversed protein
synthesis | evels back to about those of the control.
FIGS. 7 and 8 show similar results upon the incubati on
of the PKR inhibitor with Angiotensin Il. In FIG 7,
of bothrRyF @neridnghl iongrreteitiapslatiern AbrRRaE Aelatisefrolpan mcieassed
51% conpared to the control. The addition of the PKR
phosphohylhfidroof ¢l€2er sed this trend, naintaining protein
degradation levels at about that of the control.
Sthé Lrﬁ%lﬂon bipfotdn sitathé@i@'lﬁtaﬁaﬁﬂoglé By fuﬁ%%rd&@?a%‘td?—oc (TNF-
synt esi s by about % conpared to t'he contr ol
addi. t.i f. the PKR I It rote
) is dghapsagae gl i S%%&UPSFEH? viefipn BRe g e hbdikser the
I nhi bitor attenuated the actions of PIF and _
role opali2et Ritasiphonlation indhe inhikitien af pretgiaguathepisdyd” ibryikAng Il is
synthesis. This suggests that both PIF and Angi otensin
providdd inetheadbsetvation teaifaxth sndulin angHGs1 rivhioh wereleffectius in
and through a conmon nedi ator, likely involving PKR

'supprM%lﬁ‘g stiephibited bb’protd’ﬁ‘ﬁ%th@ﬁsﬂ ésmplegde attetlaéd Mdinduction of
activates PKR which in turn causes phosphoryl ation of

IF2 HaB%NB&eRish hatithe HEAAS k through th
oF2 SRRt R, B3R s o HUAL e work ouon e

sub ns and. | t
same gy Kt ool o P RELP 7, N6 sy

t

provmfﬂ%tgg rlflléql,t?g% %%ortg S;Inghlgg% vH%rg Upciﬁ[ggg}%n of protein synthesis

synt hesi s. S| nce PKR can inhibit protein nt hesi s and
in skelafal wtisclo kB, (008 1 ctiveuahoagsivetion f BEIR, #0863

PKR is likely an early conmponent in the signaling
phospratryiatign, @dRh& enhanced degradation of the myofibrillar 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-xB may be activated by PIF or a
downstream mediator of PIF (PKR and/or elF2a) which occurs through the release of
NF-«B. In this further alternative mechanism, NF-xB is not part of the same
phosphorylation cascade despite having the same target to promote ubiquitin-taqging of

proteins to be degraded.

Together, the data above support a number of novel aspects of the present
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There is al so evidence that PKRis involved in the
regul ati on of 4E-BP1 phosphorylation. Thus, if PIF
wdaew/siggnal through PKR, it is likely that itPCRuUSa068045497
reduce protein synthesis through PKR-nedi at ed
activation of the serine/threoni ne phosphatase PP2A,
whi ch can bring about the dephosphoryl ati on of 4E-BP1
, Which in turn sequesters el F4E into an inactive
inverstion! fEirst, BCAMEhaybe theplbyednttieat nedscds4 3 an individual by
preinitiation conplex. FIG 9 shows an alternative

antag& iR proleirPeAtBLONDE A dIALS by Tl H o AtdiSensin! IFﬁw@J@ﬂw inhibiting

angiotensin Il (Ang Il) decréase protein synt hesi s

the a%ﬁv/&’ncﬂf& Iﬁlhsfa%‘&r&eé??ﬁgt { %Qé%ﬂe’, ee*%ﬂtcg tRd ?f/f’ s {Qae grlffeffectlve in

|ve In pression” o
‘ t.h t hat

S N L A A webéﬁ(ﬂa@ngw i
results suggest that both insulin and I GF1l, at

| ea
inhibjigr. (ar yhe uge Bhileatanteipipeieans lenay chalerar hoti ewaulmjand IGF-1,
PI F through inhibition of PKR and/or el F2 a
may fiieseastothel efficany. of BRAMteRtNe Bimbyffudbel antagomnizivg Potein
and Ang Il may be through PACT (protein activator of
catabolisen, femhaneing guoieth gymbbesis) dribmélse) , a cellul ar protein
activator of PKR, although PIF is also a pol yanionic

mNeitibeal progudtd Bscaraingas they Atventibr Atly, therBReaiHtIess BCAAS,
phosphoryl ati on of el F2a by PIF and Ang Il seens to

alon®@6E HT cribifblioh WAiRinstliRCRSFA1 PERdI/bPRIFKR fhilidr & B Rdmay be

the inhibitory effect of both agents on protein

admmé@éﬂae% theirfibe fIrhRCLOG é)@?flae%?'e{:s ARptidss, bk ggfp%ﬁaéé s

transl ation appears’'to rom n PiNer 83
O N TR AT g R
Dipe;gtjl-c;\les, 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 Ieuciﬁe, in
addition to orin placé 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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a) Is also associated with increased phosphoryl ation

of el F2a. Further support for the role of el F2a
wohowpaeny! ation in the inhibition of protein BgmtuSe®so45497

by PIF and Ang Il is provided by the observation that

both insulin and 1GF1 , which were effective in

suppressing the inhibition of protein synthesis,

conpl etely attenuated the induction of elF2 a

PG ribib BdlippedudRa bRtHRQIrb S6vitaal sHItiva aRa s bt RdikiBRred orally, via

BCAAs al so work through the sanme nechanismto inhibit

‘a fedditfy fél%grérdﬁér‘eﬁférﬁl?} hegoh proldtiRtrasy B¥ uSkE in it ﬁeﬁm of an

provi des t first evidence of a Telationship between

RSB rrmrr:r fANELI i Bpekp el
AR S AT C—

kB re ul ti in an increas pressi on an
'”C'Ua’é’ﬂr &’%amp & W@CB%’F'au‘r&lﬂ%r ﬁP%koéél%CﬂrngéﬂY%g'éth%us@Ps's chronic
at hway. This suggests that agents which target PKR
heart failyre, rlmmetpl riis, acguwitad | wnwre geficienaaaynareme(AIDS),
nmuscl e atrophy in cancer cachexia. FIG 10 shows a
‘sarcépgrinalialetesrhyperteasiopchighilevels psguamshniesteradihighe levels of
both proteol ysis inducing factor (PIF) and angi otensin
triglytéridedn @ arkipsonis dizaase fnsorania, degy adidittioor) aldoholgdidiction, pain,
phosphoryl ati on of PKR and/or el F2a. NF-kB may be

insor@fid, Wt flydamiBl Eord ro&ni@@@ﬁlﬁéﬁf@ﬁd&ﬂdmdioﬁld?ﬁ? eirrhdsls, gRKBladder
and/ or el F2a) which occurs through the rel ease of

disordErs Bhote, td?élénééiétélﬁi a Ridn8Y Roryer, mmﬁ@aram.uF kB is
not part of the same phosphorylati on cascade despite

pr At rddting SRR (b0 AR BPinghidrtiohand %nogresemed

for purposes of illustration and description. It is not intended to be exhaustive or to Ilmlt
the invention to the precise form disclpsed, and obviously, many modifications and
variations are possible. Such rhodifications 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.
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Toget her, the data above support a nunber of novel
aspects of the presentinvention. First, BCAAs nay be

wenpl7opedst o treat nmuscle |l oss in an indivi duabPCibys2006/045497

ant agoni zi ng protein catabolismnediated by PIF and/ or
Angiotensin Il through inhibiting the activation of
PKR and/ or el F2a. Second, each of the BCAAs is equally
effective in such antagoni zation. Third, the

co-admi ni stration of insulGAIMSS-1, and/or a PKR
inhibitor, or the use of treatnents to increase |evel

Whabfs dhitieerisor both of insulin and I1GF-1 , may increase

2.

the efficacy of BCAA treatnents by further
ant agoni zi ng protein catabolism enhancing protein
synthesis, or both. Nutritional products according to

|t ﬁ E:ﬂf@npt()ﬁgt tl?éohg[%ywééls rlc?s{s% Gn i@@‘fﬁifﬁ gﬁcﬁéjhocﬁ%%ﬁﬁriglﬁg:
t GRhisfRringi 8 v sPi M edle Brnt BESCBRS AR s,

,as BCAA- I‘ICE gioteln and/or as protein mani pulated to

enri ch & pan chain @gpo apiddB6Aes, tri peptides and
pol ypepti des may include two or nore 'BCAAs. \Where non-
BCAAs & BCAAQITGEWEOTn a di peptide, tripeptide, or

pol ypepti de preferred am no acids include al ani ne and
gl yci n@ BGAA metabBllaAs may be any of the di spensable
or- i ndi spensabl e (essential or non-essential) am no
aci ds. af8CAAxioipbreteimraaf erred di peptides include, but
are not limted to, alanyl-Ieucine, alanyl-isoleucine,

al any! avgrbtee maglipidated|te entisie thedBZAN cdrii@hteuci ne, and
glycyl -valine. Nutritional products accor ding to the

| RARNEINCI 16ERY o‘hb'&flu?é BEAA”@GN@ P%&:%Hrs Bb?é\ﬁé‘ﬁ%’té!fg}nte a BCAA-

nmet abol i tes of BCAAs, partlcu arly precursors an

MRicRPoictSn8Ta hrotsih Aeanipllated to enrich the BCAA content, antagonizes

protein catabolism.

The method of claim 1, wherein administering step includes administering a

plurality of BCAAs.

3.

The method of claim 1, wherein the BCAA is selected from a group consisting of:

leucine, isoleucine, and valine.

4.

The method of 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.
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addition to or in place of BCAAs. Such products may
further include any nunber of additional ingredients,
wonaed7wdiarg, for exanple, a protein, a fiber, aPCatSY06/045497

acid, a vitamn, a mneral, a sugar, a carbohydrate, a
flavor agent, a nedi canent, and a therapeutic
agent . The nutritional products of the present
i nvention may be administered orally, via a feeding
tube, or parenterally. Such products may be used in
the treatnment of an individual suffering from any

5. nukhsemettodefstaien hasherip theREAASS adinimstdridsas atleast one of: a
conditions, or any di sease, disorder, or condition

dipeptiden tigteiptitle npalppeptidess a seppeasirehed in BopAsdi ng, for
exanpl e, cachexi a, cancer, tunor-induced wei ght | oss,
sepsi s, chronic heart failure, rheumatoid arthritis,

acqui red i mmune deficiency syndrome (AlIDS),
6. sareanethod

serum chol eo;‘?ﬂéa?fgf% Q’ﬁ?eﬁmgg\%tgmt@gtﬁ?g‘?&cer | @Jé"'ﬁ(:%d chain amino
acigsPar ki nson' s di sease, insomia, drug addiction, alcoho

addi ction, pain, insomia, hypoglycen a, conpronised

liver function, including cirrhosis, gall bladder

di sorders, chorea, dyskinesia, and a kidney disorder,

| udi urem.a._ The foregoi ng description of various
. aﬁﬁ dpigthge of g"i"rﬁré“ﬂﬁf ¥R srikdipeRiide tireniideerinslypeptide
S illustration and description. It is not - '

COme 'ﬁ?g ﬁg Eﬁs% BN disprpsakle oy indispensableraninptasid, mheneingat least one
.. the precise formdisclosed, and obviously, many
'nd'sﬁﬁﬁ??&ec%mln@rﬁﬁldaﬁoa B&AAati ons are possible. Such

nodi fications and variations that may be apparent to a

person skilled in the art ‘are intended to be incl uded

within the scope of the invention as defined by the
8. adbemzthyd ofclaimisiahekeéh Me dipeptide includes one of alanine and

glycine.

9. The method of claim 5, wherein the dipeptide is selected from a group consisting
of: alanyl-leucine, alanyl-isoleucine, alanyl-valine, glycyl-leucine, glycyl-iéoleucine, and
glycyl-valine.

10.  The method of claim 5, wherein the tripeptide includes at least two BCAAs.

11. The method of claim 1, wherein the BCAA precursor includes pyruvate.

12. The method of claim 1, wherein the BCAA metabolite is selected from a group
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What is clainmed is: 1. A nmethod of treating nuscle

| oss in an individual, the nethod conpri sing:
wadni7ricsdi®ri ng to the individual an effective BODWS2006/045497

at | east one of: a branched chain am no acid (BCAA); a

BCAA precursor, a BCAA netabolite, a BCAA-rich

protein; or a protein manipulated to enrich the BCAA

content, wherein-at |east one of the BCAA, BCAA

_considtiag oF: Sﬂlhydra% mettyra® al Bllfdissdappssteei n, and a

protein mani pulated to enrich the BCAA content,
ant agoni zes protein catabolism 2. The method of claim
1, wherein adm nisteri ng step includes adninistering a

rali CAAf )d of claim1, wherein
13{‘ thﬂ] °|ds°fsci ek JH%?? %aggs p consisting of:
| euci.ne, jsal eucine,. aline. 4. The nef.hod,. of
cratminsterliedpdhe mivindal ot 16k 08¢ of iasdlBad HRdegrowth
precursor, BCAA netabolite, a BCAA-rich protein; or
faCtOfﬂé'%':'dl)el n manipul ated to enrich the BCAA cont ent
pronotes protein synthesis.5. The nethod of claim1,
wherein the BCAA is adm nistered as at | east one of: a
- dipeptide, tripeptide, polypeptide or' a peptide
14. entheahethadrofBGAAs1, further comprising:

administering to the individual an RNA-dependent protein kinase (PKR) inhibitor.

15. ‘The method of claim 14, wherein the PKR inhibitor has the structure:

16.  The method of claim 1, further comprising:
treating the individual to raise a level of at least one of the following: insulin and

IGF-1.

17.  The method of claim 1, wherein at least one of the following is administered in an
orally-administrable nutritional product: the BCAA, the BCAA precursor, the BCAA .
metabolite, the BCAA-rich protein; or the protein manipulated to enrich the BCAA

content.
18.  The method of claim 17, wherein the orally-administrable nutritional product
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6. The nethod of claim5, wherein the dipeptide
i ncl udes two branched chain am no acids. 7. The net hod
wohowlatars 5, wherein said di peptide, tripepti deComs2006/045497
pol ypepti de conprises at | east one di spensabl e or
I ndi spensabl e am no acid, wherein at |east one
i ndi spensable amno acid is a BCAA. 8. The net hod of
claim5, wherein the dipeptide includes one of alanine
furthanidclybgs iab keasPond bethesfoliowingf a prateim, & fibehex fathy dcith a vitamin, a
di peptide is selected froma group consisting of:
minefalaa ¥liga e aidansohyiratey h-flavol £ykrit g meticimyéntyand a&herapeutic
gl ycyl -1 euci ne, glycyl -isoleucine, and glycyl -vali ne.
agent0. The method of claim5, wherein the tripeptide
includes at least two BCAAs. 11. The nethod of claim
1, wherein the BCAA precursor includes pyruvate. 12.
The method of claim1, wherein the BCAA netabolite is

selec from a consji.sti f D r OXy- - .
19. gt A LA SR e Buior e PIBLMG s aciipigreo via 2

of clai .~ further ri sing; I nistering t € . .
fecditg e i PCAAT b HCAR Brepredioios BAd tcholi: e Bitaa-ich
, grow h factor 1 (IG- 1?9. 14. The nmethod of claiml1,
protein;rarike PE}BprManipglatedia enrighdhe BEADS comtent.ndi vi dual  an

RNA- dependent protein kinase (PKR) inhibitor. 15. The

nmet hod of claim 14, wherein the PKR inhibitor has the

structure:
20. The method of claim 1, 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.

21.  The method of claim 1, wherein the protein catabolism is mediated directly 6r‘
indirectly by:

(a)( proteolysis inducing factor (PIF){;

(b) Angiotensin II;

(c) PKR;

(d) elF2aq; or

() a combination thereof.
22. The method of claim 1, wherein the individual has 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,
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16. The nethod of claim 1, further conprising:
treating the individual to raise a |level of at |east
woneob4dike following: insulin and 1G--1 . 17. PTNAIS2006/045497

met hod of claim11, wherein at | east one of the

following is adm nistered in an orally-adm nistrable

nutritional product: the BCAA, the BCAA precursor, the

BCAA netabolite, the BCAA-rich protein; or the protein
hypertensipn| highdevals efiseram tiseddEdh higintevels ofltfiglyderdes Fatkinson’s

of claim 17, wherein the orally-adm nistrable

diseddd lirts‘bhﬂﬁé"drBQ%@i&tleréIB&ﬁol'aﬂﬂldti@ﬁspéih in@@r%hléﬂh?p@élycemla
the fol |l ow ng. a protein, a fiber, a fatty acid

comr.‘/r‘ohﬁ%d“hvéi‘ fl gi&%ﬁalncltﬁllry‘&ﬁﬁo?{ %agf BI9HIEY @& Srdefs fch@i"%f

agent canent euti c agent.

‘-dy‘sk;ﬁ%%[éogna Rl idorh el B Blurkpst one of the

dm ni steré €edi ng tube: the
the BCAA precursor, the BCAA netabolite, the
BCAA rich protein; or the protein manipulated to
enrich, the BCAA content 20. The net hod of claiml,

23. wfepuirijonal pregduet comPrising ?ltée?ﬂlqn@vﬁ’fﬁ'@e fQlloxgng:ni st er ed
parenteral ly: the BCAA, the BCAA precursor, the BCAA
meat Bigoched chaincaraing @sid CAN);t ri pept i de cont ai ni ng at
| east one BCAA. 2 1. The nethod of claim1, wherein
t reBpASt prienursar.abol i smis nediated directly or
indirectly by: (a) proteolysis inducing factor (PIF);

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

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.
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.
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(b) Angiotensin Il; (C) PKR (d) elF2 a; or (e) a
conbi nation thereof. 22. The nethod of claim1,
woher@emig he i ndi vi dual has at | east one of theCT/US2006/045497

foll owi ng: cachexi a, cancer, tunor-induced weight

| oss, sepsis, chronic heart failure, rheumatoid

arthritis, acquired i nmune deficiency syndronme (Al DS)

sarcopeni a, di abetes, hypertension, high | evels of

serum chol esterol, high levels of triglycerides,

Par ki nson' s di sease, insomia, drug addiction, alcohol
27. adidiecprioduct gfailaim 23)swivereia, the BOAA jcadmmisteredipsoeasieshe of: a -

l'iver function, including cirrhosis, gall bladder ‘
dipestideot de ©ONPbEPeptidski nesi a, and a ki dney disorder

including urema. 23. A nutritional product conprising

at |l east one of the follow ng: a branched chain am no -

acid (BCAA); a BCAA precursor, a BCAA netabolite, a ]

BGAA- L] I 5= Qr ar, ' i oyl at t i .
2. o7, Mindhe i Bl BBE LR s el SaBie F thain

. precursor, BCAA netabolite, BCAA-rich protein,

anung ! “protein mani pulated to enrich the BCAA content

ant agoni zes protein catabolism

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 dne of alanine and

glycine.

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
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24. The product of claim?23, conprising a plurality of
BCAAs. 25. The product of claim 23, wherein the BCAA
wo0w@eeased froma group consisting of: | euci RET/US2006/045497
i sol euci ne, and valine. 26. The product of claim 23,
wherein at | east one of the BCAA, the BCAA. precursor,
the BCAA netabolite, the BCAA-rich protein, or the
protein mani pul ated to enrich the BCAA content further
consjstingwif:€-hpdrokgipamethytbutwiate 20 fKetoipscaucateof cl ai m
23, wherein the BCAA is adm ni stered as | east one of:
a dipeptide, tripeptide or polypeptide. 28. The
product of claim 27, wherein the dipeptide includes

35. E@eﬁé%@ﬁ@ﬁﬁﬁ%ﬁiﬂﬁ% gﬂ?&ﬁ% pﬁ% dnégzgli Iegg'teorﬁér gfg H%hllf?fand insulin-like

‘ Ao onpri ses at Ieast one di spensabl e or
growit, (?)éspengggl “am no acid, wherein at |east one

i ndi spensabl e amino acid is a BCAA. 30. The product. of
claim 27, wherein the di pepti de includes one of
_al_.ani ne and gl yci ne. 1. The, product of claim 27,

36. ngpeépr,qdyﬁ@fd:,I%@b@% (jlérth%r (g)@]l}:g@ﬂl}gjalﬁ ,R(Nﬁ geegmﬁpt protein kinase
consi sting of: alanyl -1eucine, alanyl-isoleucine,

(PKPéu@rmpntorvm ine, glycyl-leucine, glycylisoleucine, and
gl ycyl -valine. 32. The product of claim27, wherein
the tripeptide includes at | east two BCAAs. 33. The
product of claim 23, wherein the BCAA precursor

37. i Mdeysteduptysfel#iine36, wherein the PKR inhibitor has the structure:

N

' —\
/7“‘3 NPEL

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

égent, a medicament, and a therapeutic agent.

39. The pfoduct of claim 23, wherein the protein catabolism is mediated directly or
indirectly by:
| (@)  proteolysis inducing factor (PIF);
(b) Angiotensin l;
() PKR;
(d) elF2a; or

(e a combination thereof.

25



34. The product of claim 23, wherein the BCAA
netabolite is selected froma groupconsisting of:
wo-207d6ety - b- net hyl but yrate and b- ket oi socapr ear@s2@6/045497
The product of claim23, further conprising at |east
one of: insulin and insulin-like growh factor 1
(1G-1). 36. The product of claim 23, further
conprising an RNA-dependent protein kinase (PKR)
i nhi bitor. 37. The product of claim 36, wherein the
PKR i nhibitor has the structure: 38. The product of
claim 23, further conprising at |east one of the
- following: a protein, a fiber, a fatty acid, a
40. viTthenproduet oficteime23, veheseigahe peodit hedyyist Q(Btﬂmlﬁefédadfgﬂy orviaa
agent, a nedi canent, and a therapeutic agent. 39. The
feedlpgdxwlm:t of claim 23, wherein the protein catabolismis
nedi ated directly or indirectly by: (a) proteolysis
i nducing factor (PIF); (b) Angiotensin Il; (C PKR
(d) el F2a; or (e) a conbination thereof.40. The .

PrRRYSbd Rt oflcidi ?37’ whi&h St [éa%s? §a$ ﬁ’gq} f}ggow%glls a(flmémstered

adm ni stered oral o\CVhw a d
| parerﬁ%ﬁ%g.‘: .ttheoéIC%AagIﬁ% % Mp%&ﬁﬁg{,&hg g%)mer}@hghtm dipgatide or

tripep%gé%orﬁ aelr%Hgs? éastt one% 'mst abol i te,‘ and dipeptide or

42.  Administering to an individual who can bénefit from an effective amount of at
least one of: |

a branched chain amino acid (BCAA);

a BCAA precursor, |

a BCAA metabolite,

a BCAA-rich protein; and

a protein manipulated to enrich the BCAA content,
wherein at least one of the BCAA, BCAA precursor, BCAA metabolite, BCAA-rich
protein, protein manipulated to enrich the BCAA content antagonizes protein

catabolism.

43.  The administration of claim 42, wherein the individual has at least one of the

following: cachexia, cancer, tumor-induced weight loss, sepsis, chronic heart failure,
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tripeptide containing at | east one BCAA. 42.
Adm ni stering to an individual who can benefit from an
wehieokieie anmount of at | east one of: a branchedTaisa06/045497

am no acid (BCAA); a BCAA precursor, a BCAA
nmetabolite, a BCAA-rich protein; and a protein
mani pul ated to enrich the BCAA content, wherein at
| east one of the BCAA, BCAA precursor, BCAA

rheummgfolgh arthfitis, asguied iramupe sediciency sdomendMDP)| sareabenta,
enrich the BCAA content antagoni zes protein

diabefas dnekertension 3higiiievedsi of seran ctolester; igliovet2of triglycerides,
wherein the individual has at |east one of the

Parkinsbh's disegisecinsbamizn dregaddittion, widdhol Bddietsh V]A%in@ihhsomnla
| oss, sepsis, chronic heart failure, r heumat oi d

hypoglybbﬂhiet icdmpre Mg et fReNSN %élb&in@%‘?ﬂho‘ﬂé‘ Cb;a\‘lje ﬂrla@orders,

sarcopeni a, di abetes, hypertension,

chorégﬁ rdyﬂklﬁgﬁheﬂc?é%dne@/' ditorb&v %&ucﬁﬁ%wérg%ycer ' deS,

Ki nson' s di sease, 1 nsomi a ction, alcohol
addi ction, pain, insommia, hypoglycen1a conpronised
l'iver function, including cirrhosis, gaII bl adder
di sorders, chorea -dyski nesi a, and a 'ki dney di sorder,

i ncl udi ng urem a.
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