TREATMENTS USI NG Cl TRULLI NE BACKGROUND OF THE
I NVENTI ON 1. Technical Field The invention
relates to the treatnent or maintenance of conditions
that woul d be benefited fromincreasing or maintaining
Arginine levels in the blood, and having i nproved
taste characteristics over current Arginine
suppl enentations. Further the invention relates
generally to the treatnent of early satiety, and nore
particul arly, tDORENEMENTSUISENGaEITBOLAINE-citrulline in
order to pronote relaxation of snooth nuscles of the
stomach. Additionally, the invention relates generally
the use of citrulline for the benefits of increased
wound heal i ng BACKGROUWEIORTHEIMVENTIANI on in rena
inpai red patients when adm ni stered before dialysis is
initiated or while receiving dialysis or both. 2.
Background Art Early satiety is the feeling of
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7. qu+ Sidd%t he appetite of an individual experiencing
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accommodation reflex of the fundus. |If the stomach
muscl es relax, particularly those of the fundus, there
is areduction in satiety that pernmts an individua
to consune nore food before satiety is achieved. Thus,
rel axation of the stomach snmooth nuscle prevents early
satiety, increasing the amount of food present in the
stomach prior to the activation of stretch receptors.



O her nmethods of treating early satiety have therefore
focused on rel axation of stomach nuscles. The
bi ochem cal mechani sm by whi ch stomach snooth nuscl es
are relaxed is known. Nitric oxide (NO binds to a
cellular protein receptor (e.g., guanylyl cycl ase)
through interaction with either a netal ion in the
protein or a sulfur atomin cysteine. The binding of
NO causes a change in the protein, which in turn
causes an i.n
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oral nutritional conpositions have an objectionabl e
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the direct result of its basic side chain. US Patent
chang¥1p tHe Gadtin, whi€Hia G 3348s dridnaredse i thatdnoenta@60A)the second
"Modi fyi ng undesirabl e tastes' describes the use of
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20020068365 Kuhrts (2002) uses small coated granul es
of 80% L-arginine and 20% copating. The coating
provi ded taste nasking(ﬁ‘T%é‘bitter L- argi ni ne and
produced a sustai ned-rel ease, powdered drink m X.
Prior nethods, although sonmewhat effective in masking
the flavors, the underlying problemof the taste of
the L-arginine still exists.



SUVMARY OF THE | NVENTI ON The invention provides
a nethod for treating at | east one of satiety and

dyspepsia in an individual. in one enbodi nent, the
nmet hod i ncl udes adm nistering to the individual an
effective amount of L-citrulline. A first aspect

of the invention provides a nethod for treating at
| east one of satiety and dyspepsia in an individual,
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by which the citrulline to arginine conversion rate is
r edtugied, the use of some dietary amino acids, including L-arginine, in oral nutritional

compositions have an objectionable taste at alkaline pH. In the case of L-arginine it is the direct
result of its basic side chain. US Patent application 20020193342 Hamman & Calton (2002)
'Modifying undesirable tastes' describes the use of sucralose to mask flavor of free amino acid.

US Patent 5780039 Greenberg et al. (1998) describes the improved taste of an oral nutritional



A sixth aspect of the invention is the use of
citrulline for the benefits of increased wound healing
and i nproved mcrocirculation in renal inpaired -

pati ents when adm ni stered before dialysis is
initiated or while receiving dialysis or both. This
is, at least partly, acconplished by decreased urea
and/ or ammoni a production by the mammal . The
illustrative aspects of the present invention are
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the basic amino acid L-arginine’s bitter flavors. Typically the pH of a solution is balanced -
through the addition of acid, such as phosphoric acid, but this additional acid may increase
problems in beverage stability. However, the complete or partial substitution with L-citrulline

for L-arginine results in a more neutral pH beverage that does not require supplemental acid

(e.g., phosphoric acid) to balance pH.



However, a few am no acids pass through the liver with
little or no netabolization. One such amno acid is
L-citrulline, a precursor of arginine. Just as
arginine is converted to citrulline and NO
L-citrulline is converted to arginine in the
m tochondria. The majority of circulating Lcitrulline
is converted in the kidneys, which are conprised of
hi ghly metabolically active tissue. As such, . s
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that L-citrulline can substitute for L-arginine in
nutritional conpositions. Unlike arginine, citrulline
is not netabolized by the-lisver followi ng entry into
t he bl oodstream t hrough



absorption fromthe diet or de novo intestina
production. Citrulline is enzymatically convened to
argi nine by mtochondria via a part of the urea cycle.
Because the use of citrulline elimnates the need to
use acid to neutralize pH and offset the bitter
flavors caused by the basic amno acid L-arginine, it
is easier to include dietary fats into a nutritiona
conposition It is a substantial challenge to add
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dietary intake. This has resulted in the use of
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precursor for nitric oxide, a known vasodil ator.
Enhanced nitric oxi de production due to arginine
i nfusi on has been considergd detri mental because of
antici pated henodynam c i'nstability and nitrosyl ation
of proteins. Therefore, these effects were studied
duri ng prol onged conti nuous intravenous arginine
suppl enentation as a single conponent in patients with
severe sepsis. Example



Met hods: According to a placebo-controlled

doubl e-blind study design, |1CU patients with severe

sepsi s/ septic shock (<48h; APACHE 11 scores between

18-41) were random zed in a group treated with

i ntravenous 72-h L-arginine-HCl (1.2 1.unol/kg. mn,

n=9) or isocaloric L- alanine (placebo; nr9). Al

patients were treated with norepi nephrine in a range

_between 0.08-0,9 g/kg.mn. at tpe start of stud%.
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orally-administrable nutritional supplement. A supplement according to the invention may
further contain any number of ingredients that provide a nutritional, physiological, or medical
benefit to an individual. Such ingredients include, for example, proteins, soluble and/or
insoluble fibers, fatty acids, vitamins, minerals, sugars and/or other carbohydrates, flavor agents,
and medicaments or other therapeutic agents.

The use of some dietary amino acids, including L-arginine, in oral nutritional
compositions have an objectionable taste at alkaline pH. In the case of L-arginine it is the direct
result of its basic side chain. In order to improve the flavor of the oral composition the
high/alkaline pH of the composition is neutralized through addition of acid (low pH). The higher
acidity also improves the flavor of these compositions by reducing the bitter flavors associated
with the basic amino acid (e.g., L-arginine).

Additional complications arise when acids are used in nutritional compositions. For
example, phosphoric acid is often used, but results in elevated phosphorus content of the
composition. The amino acid L-citrulline is a precursor to the L-arginine. Asa result, we

propose that L-citrulline can substitute for L-arginine in nutritional compositions. Unlike

arginine, citrulline is not metabolized by the liver following entry into the bloodstream through
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physiological changes to the insult inflicted on the body. Deficiency can also occur during sepsis.

Arginine deficiency is, at least partly, caused by increased arginase enzyme activity, therefore

increased arginine activity.
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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 limt the invention to the precise
form di scl osed, and obviously, many nodifications and
variations are possible. Such nodifications and
vari ations that may be apparent to a person skilled in
the art are intended to be included within the ﬁcop
of Cirdublink arelet givan vissthel 6 irags én rp! aﬂ“ﬁé“‘ﬁ‘éb‘ﬁﬁ%’éﬁy 'r‘r@' ne
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specifically reducing or inhi at | east one, of
syntiase (BG 9%&&%8/%‘%‘%@?%”?’?@53%@&3‘{ £ %" The use of
claim1, wherein the mJa
Septic patients have been considere argmme é’%ﬁcnent as a result of decreased
production of arginine from citrulline and also inadequate dietary intake. This has resulted in the
use of arginine enriched enteral formulas. Arginine is the precursor for nitric oxide, a known
vasodilator. Enhanced nitric oxide production due to arginine infusion has been considered
detrimental because of anticipated hemodynamic instability and nitrosylation of proteins.
Therefore, these effects were studied during prolonged continuous intravenous arginine

supplementation as a single component in patients with severe sepsis.

Example }:

Methods: According to a placebo-controlled double-blind study design, ICU patients with
severe sepsis/septic shock (<48h; APACHE 11 scores between 18-41) were randomized in a
group treated w.ith intravenous 72-h L-arginine-HCl (1.2 pmol/kg.min, n=9) or isocaloric L-
alanine (placebo; n=9). All patients were treated with norepinephrine in a range between 0.08-0.9
g/kg.min at the start of study. Haemodynamics were recorded at 2-h intervals throughout the
protocol. Blood was sampled at _baseline and at 24-h intervals and analysed for plasma -
nitrotyrosine levels. Repeated measurements ANOVA was used; data are means=SEM.

Results: Plasma nitrotyrosine did not differ between patients treated with arginine or placebo

(for comparison, normal values are about 1 nM). No significant differences in systemic blood



3. The use of claim1l, wherein the increasing step

i ncl udes adm nistering to the individual a quantity of
L-citrulline. 4. The use of claim3, wherein the
quantity of L-citrulline is effective to cause an
increase in the concentration of NOin the mammal's
cells. 5. The use of claim4, wherein at |east a
portion of the quantity of L-citrul line is
netabolized to forn1arginine 6. The use of claims5,
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stress or the haemodynamic condition in severe septic patients are not present. Therefore,
Citrulline administration leads to correction of the arginine deficiency, in some cases possibly
raising the arginine levels over established normal levels, thjs elevation is theorized to be the
body’s way of meeting an excess demand in some physiologically stressful situations‘. These
levels are believed to be safe since the body is not believed to convert citrulline in éXcess to
arginine.

Recent studies have shown that the level of arginine in hemodialysis patients is elevated
both pre and post dialysis run (Chuang et al., Clinica Chimica Acta 364; 216, 2006). Citrulline is
also elevated both pre and post dialysis run. However, the arginine level was decreased by 36%
while the citrulline level was decreased by 258% during the .same dialysis treatment. This larger
reduction in citrulline brings up the possibility of uéing citrulline as a substitute for érginine for

dialysis patients that are in need of improved wound healing due to diabetes and lack of mobility.

Excessive arginine has been shown to cause additional renal problems in patients with
compromised kidneys (Efron and Barbul, J. Renal Nutr. 9(3)142, 1999). Citrulline can be used to
supply arginine via conversion in the body. Additionally, citrulline has one less amino group

than arginine. This reduces the amount of ammonia and urea produced and decreases the stress
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11. The use of claim 10 wherein the mammal is
suffering froma chronic disease. 12. The use of
claim1l, wherein the chronic disease is selected from
a group consisting of: human i mmunodefi ci ency virus
(H'V), malnutrition, cancer, COPD, chronic wasting

di seases, anorexia, age related anorexi a-conmmonly seen
in the elderly, sarcopenia, psychol ogical disorders

i ncludi ng depression, Al zheiner's Disease, -
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use of claim 10 wherein the manmal is post parental
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From a one of th

follow.ng: .mal.nutrition and dehydration. 16. An
and 'Y’ﬂ"iﬁ WCVJQEH‘%Eg?T abl e nutritional supplenent

conprising: a quantity of L-citrulline effective to, »
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citrulline to maintain arginine levels would lead to similar benefits.

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.tbe
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. The nutritional supplenent of claim1l7, wherein
the rel axation of the snmooth nuscle of the stomach is
effective to relieve a sensation of satiety in the
i ndividual. 19. The nutritional supplenment of claim
16, further conprising at |east one of the follow ng:
a protein, a soluble fiber, an insoluble fiber, a
fatty acid, a vitamn, a mneral, a carbohydrate, a
flavor agent, a nedicaneqﬁuu?BQ a therapeutic agent.
20. Use of a conposition containing L-citrulline, a
saltfof L-cit;ulline or a conbination thereof in the
manuf acture of a medi cament or suppl enent for
‘Wh%¢ﬁ§VFﬁ61$he taste of the nedicaﬁgnt or suppl enent
for increasing or maintaining blood arginine levels in
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I'sa reduction in bitterness. 23. The use according

to claim18 wherein the inproved taste is due to the
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facilitated adding of dietary fats to a supplement for
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. manmal . iety and dyspepsi a,
1“%M§W@fﬁ??ﬂ¥y§gbﬁpgﬁsﬂ? conprises: a conposition

containing L-citrulline, a salt of Lcitrulline or a
4.conmbimpaticst didi@rEtherein the quantity of L-citrulline is effective to cause an

increase in the concentration of NO in the mammal’s cells.

5. The use of claim 4, wherein at least a portion of the quantity of L-citrulline is
metabolized to form arginine.

6. The use of claim 5, wherein at least a portion of the arginine is metabolized to
form citrulline and NO.

7. The use of claim 3, wherein the quantity of L-citrulline is included in an orally-
administrable nutritional supplement.

8. The use of claim 7, wherein the supplement further includes at least one of the
following: a protein, a soluble fiber, an insoluble fiber, a fatty acid, a vitamin, a
mineral, a carbohydrate, a flavor agent, a medicament, and a therapeutic agent.

9. The use of claim 8, wherein the carbohydrate comprises at least one sugar.

10. The use of claim 1, wherein said mammal has at least one condition or disease
that has increased early satiety or causes dyspepsia.
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25. Use of a conposition containing L-citrulline, a
salt of L-citrulline or a conbinations thereof in the
manuf acture of a medi canent for the treatnment or
prophyl axi s of mammal s having an acute or chronic

di sease with at |east one of satiety and dyspepsia and
is characterized by a lower than normal citrulline to
argi nine conversion rate. 26. The use of claim 25,
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gastric bypass surgery.
14. The use of claim 1, wherein the mammal is being treated for cancer.

15. The use of claim 1, wherein the mammal is suffering from at least one of the
following: malnutrition and dehydration.

16. An orally-administrable nutritional supplement comprising:
a quantity of L-citrulline effective to cause an increase in a concentration of nitric oxide

(NO) in the cells of a mammal.

17. The nutritional supplement of claim 16; wherein the increase in the concentration
of NO is effective to cause a relaxation of a smooth muscle of the stomach.

18. The nutritional supplement of claim 17, wherein the relaxation of the smooth
muscle of the stomach is effective to relieve a sensation of satiety in the individual.

19. The nutritional supplement of claim 16, further comprising at least one of the
following: a protein, a soluble fiber, an insoluble fiber, a fatty acid, a vitamin, a mineral,
a carbohydrate, a flavor agent, a medicament, and a therapeutic agent.

20.  Use of a composition containing L-citrulline, a salt of L-citrulline or a
combination thereof in the manufacture of a medicament or supplement for improving the
taste of the medicament or supplement for increasing or maintaining blood arginine levels
in mammals with at least one of satiety and dyspepsia.
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in a daily dose for said mammal of at |east the anount
by which the citrulline to argi nine conversion rate is
reduced. 30. The conposition according to claim 29
wherein the mammal is a human. 31. Use of a
conposition conprising of at |east one of: citrulline,
or a salt of citrulline; in the manufacture of a

nmedi cament for the treatnment or prophylaxis of a
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26. The use of claim 25, wherein an amount of containing L-citrulline, a salt of L-
citrulline or a combinations thereof is at least the amount by which the citrulline to
arginine conversion rate is reduced.

27.  The use of claim 25, wherein the composition is administered to a mammal.

28. The use of claim 27, wherein the mammal is a human.
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29. A composition for use in the treatment or prophylaxis of an acute or chronic
disease in a mammal with at least one of satiety and dyspepsia, wherein the disease is
characterized by a lower than normal citrulline to arginine conversion rate, the said
composition comprising:

at least one of: citrulline, or a salt of citrulline;

in a daily dose for said mammal of at least the amount by which the citrulline to arginine
conversion rate is reduced.

30. The composition according to claim 29 wherein the mammal is a human.

31 Use of a composition comprising of at least one of: citrulline, or a salt of
citrulline; in the manufacture of a medicament for the treatment or prophylaxis of a
mammal having an acute or chronic disease with at least one of satiety or dyspepsia,
wherein the disease is characterized by a lower than normal citrulline to arginine
conversion rate and wherein a daily dose of citrulline or salt of citrulline is at least the
amount by which the citrulline to arginine conversion rate is reduced.

32. The use of claim 31, wherein the mammal is a human.

33. The use of claim 32, wherein the quantity of L-citrulline is effective to cause an
increase in the concentration of NO in the individual’s cells.

34. The use of claim 31, wherein at least a portion of the quantity of L-citrulline is
metabolized to form arginine.

35. The use of claim 31, wherein at least a portion of the arginine is metabolized to
form citrulline and NO.

36. The use of claim 31, wherein the quantity of L-citrulline is included in an orally-
administrable nutritional supplement.

37. The use of claim 31, wherein the supplement further includes at least one of the

following: a protein, a soluble fiber, an insoluble fiber, a fatty acid, a vitamin, a mineral,
a carbohydrate, a flavor agent, a medicament, and a therapeutic agent.
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