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30 Accordingly, approaches for the treatment of lung conditions, such as

BPD and chronic hypoxia-induced pulmonary hypertension, and further such as

in infants, representative a long-felt and continuing need in the art.
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precursor, such as citrulline, is administered orally. In some embodiments, the

nitric oxide precursor, such as citrulline, is administered intravenously.
It is therefore an object of the presently disclosed subject matter to
25 provide for treatment for a lung condition in a subject.

An object of the presently disclosed subject matter having been stated
hereinabove, other objects will become evident as the description proceeds,
when taken in connection with the accompanying drawings and examples as
best described hereinbelow.

30
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic of the urea cycle.
Figure 2 is a flow diagram of study procedures followed in the Examples.
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Figure 7B is a bar graph showing densitometry of eNOS normalized to

actin for lung tissue from controls (n=3), chronic hypoxic (n=3), and L-citrulline

25  treated chronic hypoxic (n=3) piglets.

DETAILED DESCRIPTION
Preterm births continue to be the major challenge in obstetrics and
neonatology, accounting for most of the perinatal mortality and long-term
30 neurologic morbidity among newborns. BPD is one of many complications that
can be associated with preterm birth. BPD can be associated with prolonged
hospitalization of a preterm infant, multiple rehospitalizations during the first few
years of life, and developmental delays. Fortunately, BPD is now infrequent in
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25  overexpression of the cytokines tumor necrosis factor-a, TGF-q, IL-6, or IL-11
(Jobe et al. (2001) Am J Respir Crit Care Med 163:1723-1729).

Diagnosing BPD generally comprises monitoring an infant’s breathing
over the initial weeks of life for signs of delayed lung development and a
continued and/or increased dependence upon assisted breathing. Diagnostic
30 tests that can be performed to assist in the diagnosis of BPD can include: blood
oxygen tests, chest x-rays, and echocardiograms. BPD has traditionally been
diagnosed when an infant requires supplemental oxygen at 36 weeks

postmenstrual age. Newer definitions used in diagnosing and defining BPD
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30 47:247-262; Subhedar, N. V., Acta Paediatr suppl (2004) 444:29-32. Thus, in
accordance with some embodiments of the presently disclosed subject matter,
a novel therapeutic approach comprising administering citrulline to a subject
suffering from chronic hypoxia-induced pulmonary hypertension is provided.
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25 pulmonary hypertension can increase arginine synthesis and subsequently

increase NO production to thereby prevent and/or treat BPD or chronic hypoxia-
induced pulmonary hypertension. Citrulline precursors that generate citrulline
in vivo can also be provided. As an alternative to citrulline, other NO precursors
can be provided. For example, arginine, or a precursor that generates arginine

30 invivo, can be provided as an NO precursor.



Addi tional ly, exogenous citrulline can enter the urea
cycle and provide for the in vivo synthesis of
wae@vndes whi ch can subsequently provide for NA/US2009/032824
synthesis Accordingly, administering citrulline to
gjects i ncluding but not linmted to subjects
€

ept i BHERAFEITIE: Bdridi@BSni th BPD or with chronic
hypOXI a- Tﬁgjuﬁﬁe%eﬂﬂy nﬁgﬁ@égﬁy%%‘biﬁ%]@sh%e?a ré\ﬂﬁ%eaﬁ%thods and

ar gi ni ne 'synthesi's’ and subseque ncre

pr asiposiionfor iroredsing N@eyﬁthesldﬁma subjeat. IBRIBNE embodiments,
chroni ¢ hypoxi ai ndu ed puI rmnarg%% Bert ensi on.
o t3neffeatve, At of sitrylite geREtes NOJRrepUIser is admigisiged to a

SCa%LﬂJjﬁ%tQ%d?éé’é’é ﬂ@jsegﬁﬁ 48 f é&g@%%%%lﬁx@n@ HféJNU PY¥ecursor is

precursors Pe provi or exa
ar gsatected from mqagmupmsrdudmgabuigm’(élrmteelstoamguthnaea precursor that

vivo, ca -ovi ded as .an cursor, | . L
T HgesE TR T R R eT e P B s erals eginine in vivo
mat dregorAbMetieRs thakeBrddn %‘Eb%é‘é’fﬂb&ilhbﬁfés thé'citrulline or other NO
i ncreasing NO synthesis in a subject. In some

entwecyisor is administesst oray.apsemesmbodiments, tlee itrulline or other

to a subject to
[ ngﬁéa%rl\lgcﬁ@%g%%%@m %e%ﬁ?nggﬁéﬁéﬁﬂ%dl ments, the NO
precur soThe présdritiyt @dclosed sutgedr Maiter RAdd! @rchesb Whethods and
not limted to, citrulline, a precursor that generates

ci tqurmes%orpsqfo\r,tr@gtlngaBgﬂﬁmyor gssgcggqu ggmpdlﬁ%tgons in a subject. In
genghd %ﬁwr@o%h@hfseah%ﬁé'cﬁ\% afH L{?\?pr:%‘llngrb? ottﬁ%r RO precursor is

In sone e ments, the tru ine or oth
pr esdmisistenes tacdnsubjsttauédring éﬂohy BPDBIWUeammmmemmrmlications
the cjtrullj eor

he ur sor nj st
15 nearhehdhatsh Torr s TP GHOER APl oty (B or In some
al sOnBbGIHEIRS, tﬂ@tl‘i@%e&ﬂgoﬁféméétéﬂ Brden S ngLF%ﬁthﬂJamg, but not

BPD and/ or associ ated conplications in a subject
sori'emmﬂatrducn’enmse, ampre¢dreot that gensuates ofitrdliine un |W\me aﬁglnlne a

ot her ecursor _Js adm.ni ter d uhi ect

SunTEFIRGT HT i aerenar i T EV: eheoBinpiitilsithprpot. 1n some
an carﬁbo@ﬁnéﬁ@ kthBoditrglihé oF Idﬂgercnmobne@atso@ns adffigieicde@drally. In
with BPD. I n sone enbodi nents, the NO precursor is

205 e| s EMboMMans.gihsu sitiulie, @F refhen INO nrjecuiser tis jadministered
c| tlﬁH!avérQﬁJslya W &Gl S@rﬁbﬁgm?rﬂg ”ﬁ{egé =Ubje: tﬁrﬂél {régﬁaed' |§ a subject

vivo, —argini’rie, a precursor es ar grni
vi wuffedihgcfrobi mat acute bdmadl’e@rﬁ asisncmte vaﬂ‘chﬂmenF&presentatlve

‘the C|truII|ne or other recur dm ni st ered
or dAMPIER °§§H%h§ H?'ﬁ%ﬁfes 'SPkPéeé?lef%fPIq ¥€or ot her

NO pr ecufigon kS THiRERSEH eéhbject matter also provides methods and
25 compositions for treating chronic hypoxia-induced pulmonary hypertension
and/or associated complications in a subject. In some embodiments, an
effective amount of citrulline or other NO precursor is administered to a subject
suffering from chronic hypoxia-induced pulmonary hypertension and/or
associated complications and/or at risk for suffering complications associated

30 with chronic hypoxia-induced pulmonary hypertension. In some embodiments,
the NO precursor is selected from the group including, but not limited to,
citrulline, a precursor that generates citrulline in vivo, arginine, a precursor that

generates arginine in vivo, or combinations thereof. In some embodiments, the
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intravenously. I n sonme enbodi nents, the subject to be
treated is a subject suffering froman acute condition
wasaooabed wi th BPD. Representative exanpl es pET/E8mN9/032824
conditions are disclosed herein above. The presently

di scl osed subject matter also provides nethods and
corpipelinge onothesN@ peeguraer isadsrinistergd exally- i IR Geswiembodiments,

7 Ul B NG R R SRR AT in some

of @mbodimedms, me QIH‘@CE’[ tdDeptreatadsiera SBbJadh‘sluﬁfmrfg frdnt an acute
a subj ect sufferi ng from chroni c hypoxi a-i nduced

pul GRSWELIGP AssRGiater Wit CRIRNiG PYRQ¥BENdYGRd PUmANaTyBREeNsion.
5@”%8 re@%nfdtﬁé Bpitd B@éud?gc&fqﬂ?éd§%' 8S085§ A&t 88ove.

Wi th OXI a I nduced pul nonary yperten3| on.

I n sone lardoote ambbdlmeﬂte tli@mtnewrc@q:recsrssebempéd% atleast one

gr.oup i nc ut not |im ci.trullin

or QI EHfne naTTEPatiA: dEersieRiGIEIBE Up Sio. & phaadbutically
a PIRepiaE shitdtheARACARA @BNHiMAHENRStheRedf! VOee Figure 1. In some
conbi nations thereof. In sone enbodi nents,

t he@nbodumerﬁs, the ritricendidecprececsarde selestedifrom thecgredp including,

o ittt BReCtes P EEc piiningy o, AHBloRJons inglsh" 1n some
enmalbﬁﬁum@tstih@ Aty Bridet Prebardor esict as scituliin®) i%Cédmmlstered
sufferi nﬂyfrom an acute condition associated with

chrsally: Hypexeembediswnts thaswae wXidgRiecEFar ostich as citrulline, is

Rep amlGs of such conditions are

di séc 0S T%éllﬁ;gr gpﬁzjabo Zf I n sonme enbodi nents, the

nitric dxi sinnerambm&ments;)rtpeiwb;zemtsuﬁe%fromnbypﬁcitruHinemia In
r tha ener at es c trul

I
16501 i CoadtaBEt e IoPg MR B ISP e SyPlasiig citruline
coq‘g{,éygtéfogs@-}z h?ﬁ&ﬂfter 5 S @ Wnlb ddimehts 08B 5 mol/ht r, in some

enmbodi nent s, tric oxide precursor 'is selecte

fr %Pnbb@mﬁrﬂy,ps Qﬂtpllmtdlllt@‘, ifssmaembadiineats, €010 umol/liter, in some
citrulline, arginine, or conbinations thereof. In sone
entrabediments tvé pmelfliter. oxi de precursor, such as

ermboai mf SomBn EMTbsy g’ Bubes, B8R fromea conditon as

20Ci tdigtlbs&® herginasliffons Ftomh edlating r ﬁmmlmemuan $I®@Eerm “relative
enbodi nents, the subject suffers

hy ﬁwqcrtm"maﬂé'ﬁi’ defary t@oﬁeSté'Fﬂ)dﬂleYﬁéﬁ'? dhengubject suffering from a
o t«fb‘?ﬁlﬁdf‘l ﬁ%Ql\%’gu@eH?} ég?@é/@ﬁ%ﬁ n %Mp&’r‘e@%ﬁ% subject not suffering

I ne S0 ter, 1n so
entfesthreecdradition.25 mol /liter, in sone errbodl ments, <
20 mol /] iter m
in sone As used herelnS ?Hepﬁrasgq{reatmg reférs]’to brg)]ﬁ?mterventlon designed

25 to ameliorate a condition in a subject (e.g., after initiation of a disease process
or after an injury), to ameliorate complications related to the condition in the
subject, as well as to interventions that are designed to prevent the condition
from occurring in the subject. Stated another way, the terms “treating” and
grammatical variants thereof are intended to be interpreted broadly to
30 encompass meanings that refer to reducing the severity of and/or to curing a
condition, as well as meanings that refer to prophylaxis. In this latter respect,
“treating” can refer to “preventing” to any degree, such as but not limited to in a

subject at risk for suffering a condition, or otherwise enhancing the ability of the
8-



enbodi nents, <5 muol/liter. In sone enbodi nents, the
subj ect suffering froma condition as disclosed herein
W(smtfobmsmérom rel ative hypoci truliinem a. The PET/IB2009/032824
"relative hypocitruliinema” refers to a state in
whi ch the subject suffering froma condition has
r edikbiertip sevist ibrtRraressiel ts copAidNed to a subject not

suf feri b Do
bt eat i none SATECLEEAEN i (-prBSeiRfislBten SubikOfm e fs many
aweémbodmaara? mf&kn’rabtyra hmmanwbjm,talig1eugh it i;fd lee understood that
initiation of a di sease process or, after. an jnjur)
o BRepridTaes Bbis reataie fés»?edswtaefwas{%ﬁm@arﬁ that the
' n 6@§e§ﬁlﬁph%%¥oseﬁssdﬁt}% t rﬁ%ﬂéplé K/%”\Mtl‘i’Gésﬁé}ﬂtto%lﬁveﬁebrate

desi gned to prevent e conditi on romoccurring in )
t hespagigss dncludingt warmrdodaad wasiebrates sechsas’ maganalsgand birds,

o A PR BebRDSR LB SRR 18 B comen, =

t 0 hafikalng uh@@rs&ﬁ)betb'uﬁc\du@é afP HaAhmalars Ypediss id which treatment is
condition, as well as neanings that refer to

pr d;mma@J@ ssuchnag Hnui nodtlimdtedr s pgdeulturak aad idegnesdignmammalian
10ref eczeos[ preventing” to any degree, such as but not
e O in a subject at risk for suffering a

andl tbl Ohhus predidied Wtﬁﬁtr@ahﬁénﬁ dTgnz?rhmr?aé)édldrBa/s I@lﬁmans,has well as
thesubj ect to resist the process of the condition, The_ .
subfege mapaaly of rﬁmPHEaBF%Qé‘ﬁtth %PQ&’E&B@&‘%&FL Gh as Siberian

bﬁggg%)' Bfi—:‘éﬂ’ncfmi%ll A to éerﬁrl}lr?zse %‘S?%d gﬁ’ﬁfw%fgﬁmumptlon by
pr [ mﬂnphs)earmflortmmnmpenamge @nirnbissept as pptsair imaoosto humans,

15, 5 toF et Ao RBEL et himayRrieuEh Aecsatpaichdoas), swine
| NCloild, A8 g¥eama W;JQ%@%JV erhifﬁ@h&,t @8ich eltate, BIEHBL Bed Giraffes,

blrds which are inten be included in the term
"'sulgascgoats bison; @d:mm@m,,ar@ hatae®l Alse niavided isthe treatment of

vodiity iR B AR ST s 4 s R AT Hngehgged. kept
donRSoos, A8 Wk |dsFows RER) BBre ﬁhu@ula@IyQidrﬁl@ildaied fdﬁvl |e , poultry,
treat nent of mammals such as huna as well as th

20 rHehasdurkaysorhigkens, dueks, &%@?n@weﬁa oWered th%U@qa 8§§hey are
S
L84 by o SRR ey PR R ad treatrmento
sod:vabtackpmdimimg, Panmotirsitdc pd, domestiicated swmez(mg$ and hogs),

h
s rummants horses, poultry, and the llke

a1,

25 . PHARMACEUTICAL COMPOSITIONS
' An effective dose of a composition of the presently disclosed subject
matter is administered to a subject in need thereof. An “effective amount” is an
amount of a composition sufficient to produce a measurable response (e.g., a
biologically or clinically relevant response in a subject being treated). Actual
30 dosage levels of active ingredients in the compositions of the presently
discldsed subject matter can be varied so as to administer an amount of the
active compound(s) that is effective to achieve the desired therapeutic
response for a particular subject. The selected dosage level will depend upon
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for instance, carnivores other than humans (such as
cats and dogs), swine (pigs, hogs, and wld boars),

wo omongeds (such as cattle, oxen, sheep, giraf PE€BUS2009/032824
deer, goats, bison, and canels), and horses. Al so

prOV|ded IS the treatnment of birds, including the
t r etenantiving of hibee th@rﬁa@ufdﬁ aeMmRRSitiaTat ther s0Rd ahqdnaigistration,

Se péorbﬂlné?&? V\?l‘?’\\?atﬂ@ éiru@!? or ?r\@% m@:‘?t@ &@ﬁw &FHE ¥bhdition being
one as turkeys,
chi tedated, amwtﬂasor@etemeancmmmeaedloaﬂ hxstambftthesmbjbet beksg treated.

they are so of ecaono rtan e to hymans.
By e S Ie AL el RSl GaEPoBLIons can be started at
5 nCileUé*l‘srleweP% Mo&qlited E@%ch%ve%%éu‘é@t%ré%énﬁ% %ﬁect and to

(pigs and hogs rum nants, horses, poultr
I | I@adually IPHW(IEQRHDWe Gﬂﬂﬁ@@d%l@d&aﬁﬁw’tﬁ achievack The potency
a co 0Si ti

SoaTtbotabsEPRREN Y. Hnd ) é%f%a”t'gﬁ%ﬁafaamﬂurﬂegan vary.

t her eof . Affey reRfeve6t theediseTBsive ofithe @?e@émwrﬂls@iﬁséd subject matter
conposition sufficient to produce a neasurabl e

r esiyeRsetedeheyein, gpnsu oflasdinesy Blill dn tfg@ PHi caa tajlor theediegages to an
10 STRPRREE 2P e B OB Rorfatd method o

t headmipsatitioy tdibealsededirsihk) cobtipositidre @ndmrﬁt&;lm&ﬁé@uﬂae treated.
so S to a mnlster & anmount of the active

cylatiens of daseean cansidenihiedtdqight fpckyeidht, gender,
t h 1
sef%e??ﬁﬁ’ g SEARPBE Symplorfis B M bfschid]of Sadikil dpteterious
t hephysaahpenditions.onposi tion, the route of

1 5? (rj 21 a? Irr:t Sz\tlvlagln % aégggpgl?%ﬂa%plg%téﬂ% %hgf[{nit gﬁgc%g@ﬁég redient that may
tr gsd @smbmed witlethe@aeid rﬁﬁteﬁﬁ% i8 b‘r&duc@élﬁ@b d@)‘séé@fdfm will vary

of the subject being treated exanpl e and

notdenemduw iwwen @mwmﬁctcmmmtaa&:t amh the parsiculed mode of

et iR EB0 el §rtabBOh: RisheeE i fstration to

dOSﬂﬂﬁah@bah coheil@dht 6% eigfted gios agtive agedt cdmpounded with an
pot ency of a conposition can vary, and therefore an

20~ efﬁ%?PWeaﬁﬁﬂJﬁ?"V%‘?ﬂtv%mW”%@ft ‘éﬁ"’”?éﬂ?%ﬁf'@fwh'ﬁb may vary from
cﬁﬁﬁ &8 aBbut 98 pQFc%?‘\??f gfa? EbM EgﬁtlﬁHbJF%fEx% [ee in a human
prese hereln or

one o |nary
t aiddt, thj@BBamspetsmrmeﬁ auininistiadibn subgenrally bk’(wcgen 1 mg and

|nt account the rticular, for Iat on, nethod of .

A TR R ol GHinRmanil generally
parddn@éshaaeta/béﬁafﬁﬁntab%& 8dmg Fw&ﬂs&& 57@ a\t bﬁrh%tl% ingredient,
dose can consi der subject helght and wei ght, gender,

25 typically 25 mg, 50 mg, 100 mg, 200 mg, 300 mg, 400 mg, 500 mg, 600 mg,
800 mg, or 1000 mg.

The nitric oxide precursor is administered in some embodiments in a

dose ranging from about 0.01 mg to about 1,000 mg, in some embodiments in a

dose ranging from about 0.5 mg to about 500 mg, and in some embodiments in

30 adose ranging from about 1.0 mg to about 250 mg. The nitric oxide precursor

can also be administered in some embodiments in a dose ranging from about

100 mg to about 30,000 mg, and in some embodiments in a dose ranging from

about 250 mg to about 1,000 mg. A representative dose is 3.8 g/m2/day of
-10-



severity and stage of synptons, and the presence of

addi tional del eterious physical conditions. By way of
wa@davbiopal exanpl es, the amount of active i ngpe€DUSIIN9/032824

that may be conmbined with the carrier materials to

produce a single dosage farmw |l vary. dependirﬁgz ug\c{)n o
t hearginipe et citiyline (elar equivaigntsn MVYdreitredling: T 1ppddV¥Y L-arginine
adm¥j s{ration. For exanple, a fornulation intended

for adm'nistration to humans can contain fromO0.5 ng

to 5 g oRepetsentatgeintravenposi citading sbludionapgarogongirise a 100
and convepi ent unt of carrier nmgterial whjch ma

v POTb b s ERYo Rrnesutatie darvespus Haylp dosages can
5CONRAAp s 200 Rig/R. 2800 %?l_k@, BOARIKGAEhE - 830 $ngIR§ESIn some
per person per administration are dgenéerally between

1 nerabhddistntsgfon pxampebet aot linitasktope 60807 .80Phung/kg dosage, the

dosage unit forms will generally contain.between f

aboiecips HeUERARY byaR R oo GB FOLT R0 flalff B 180manato

tymnﬂ%'alté’ oBBered Giddired1Ofedty on2Efstemic BRfddBres40fRe. In some
500 ng, 600 ng, 800 ng, or 1000 ng. The nitric

oxi eebpdigtaiis.oloses eahpaiasieipistered aener Bk dMmasndwinga given
' 0 t 0.01 ng to about 1,000 ng,
mﬁndés)%?r)eorgﬁghggsnljeéni‘iég ?%%g dose rangi ng from about 0.5
ng to ableusorn@Oembpodiamehts na phaemasdatibarongpdsition dosprises an

rangi ng fromapout 1.0 t o ahout 250 .. The nitric .
OXi _Oane‘?,fLﬁ‘té@Fn% ﬁﬁe‘é’[!v@gt%kfé'sg W@@FL@@% leve reat a condition
embadioBBted hBrein gﬂ%@tl,tlﬂ@{?ﬂ'lﬂgoﬁ:{m BOGHertd théTevERs determined

about 30, 000 ny, sone e Iments 1 n a dose
r arigy eymparimg plasota GBolling lavelssibagubleddobeatreated to that observed

representat.i e is 3.8 g/nplday ofarginine or

1551 b GBIt i P o i St o 8p e iimpis: the amount
MV - @i Reeftddivélto rifeBsShA ithikhd @Véﬂ%@%t?ect to at least 5
citrulline solutions can conprise a 100 ng/m (10%

sol umoditer, Rapicrsdntadtieast 10 pmaeldienioptionaly bt teast 20 umol/liter,
dosages c¢an, co Lse I / kg, ..400 kqg,...600 / kg,
R R S L T e e )
not | i mhedm@embBafinShtsSPe ﬁ@éé&lﬁ&%é‘l@ge&d tﬁgﬁ?gpgﬁgeaarowdes

be decreased %y an anount ranging from
2010phayimegetticali tongabeitiobs ecarsprisindesi nidit efddectpgecursor and a

o R RS EAC RS i T o030 goceptanl
carrier in humans. In some embodiments, the presently disclosed subject
matter provides pharmaceutical compositions comprising citrulline or arginine in
dosages as described above.

25 A composition of the presently disclosed subject matter is typically
administered orally or parenterally in dosage unit formulations containing
standard nontoxic pharmaceutically acceptable carriers, adjuvants, and
vehicles as desired. The term “parenteral” as used herein includes intravenous,
intra-muscular, intra-arterial injection, or infusion techniques.

30 Injectable preparations, for example sterile injectable aqueous or
oleaginous suspensions, are formulated according to the known art using

suitable dispersing or wetting agents and suspending agents. The sterile
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period of time, such as a day. In sonme enbodi nents a

phar maceuti cal conposition conprises an anount of
wa@dwoddopsie effective to raise plasma citrulliper/ised 032824

to treat a condition as disclosed herein in a subject.

In some enbodi nents, the |evel is determ ned by o

conpigctatde preparatien canplspie a slgsissinjastable gb|udioh or supeension in

treate t hat rys i, N j.ect..n ferd . :
1 TN PR, A Eerl o sV cloy a8karfitel, i, sgjution in
ci t1,8ldutasedisl. ef fective to raise plasma citrulline

level in a subject to at least 5 mmol/

: liter
opt i onalAjioRg the aseeptablenhigles and sglyenisihpt Ganbe egalpyed are
20 i/ bi , i ' ' . ] a .
520 VIR s PRI A Bl 8, IR dhlon 2 acatvon
t hesteriles éined yoilsi arel osmvkriobply ermEoyed asr a\dofeent or suspending

phar mgceutical, conmpositions, conptising a nitric pxide .
P dBEHGG) i e AURReeaRY DAY T & G becapfapd including
Su%l;m%t% ABAGBICRYlcEAdEY RCARMGH F&FAiEs 8lch Bs olejc acid find
humans. I n sone enbodi nents, the presently discl osed )
subjsedn thepteparatiovoidsjectesrelo@mplasy caviepoipictudeneutral saline
conpri,sin ptryl line or arginine in d €SS
10gesevinsi et wit et Rle srctdle. e BREEIRIRS
di scl oseth g wpreséntaBvé embodlirhyit dodlek an®@l dunsiht€ted to a subject
orally or parenterally in dosage unit formulation

corfieyerliignes dwing a relevanhireatmest pradeditinggding but not limited to 1,
ac bl.e rrier Luvants, and vehicles as

deggéaﬁ.’ 5Tﬁgﬁtné¢%§opsg %Iﬁt eral" as used herein includes

i ntravenbwdll bentundemnsteal| kowevent thatatheespedific mjosetlewd, for any

or infusion technjques. 1njectabl ratiqns, for
150 dAFSlIGHIEY Shiipe Wiljdieppas BoRA IRy B FHsfsapelidibs the age, body
SUSR&GAt, @@ﬁgfag 'hgaftl‘?,ré@*!, gictdinRe 60 ?ﬁgstlta‘?iohh%dﬁ%@%rﬁﬂs’tration,

usi ng-suita I spersing or wetting agents an .
sugptandf excratiemt drugToenksination andjtkee saeriy f dpapatticoitar disease

can al so be sterile injectable solution or

sus‘ﬂaﬁg%'ﬂgitﬁe@pﬁont oxi c acceptable diluent or

solvent, for exanple, as a solution in 1, 3-butanediol .

Anong the acceptabl e vehicles and solvents that can be
20enpl oyed are water, Ri nger 'BEXAMPIESN, and isotonic

sodi um of ihde. ' | [t [ ' .

o 1's ar o EERUBTITERDERe ol Bk iaed it drESentavtive

sushedes g thedprezenfiprdisdivseddsupjest naatyerbl dmdight x€dhe present

oi | ,.can be enpl oyed i ncl udi n
disclosure an theygeneral level ofgskill in the art, those of skill will appreciate

that the following Examples are intended to be exemplary only in that numerous
25 changes, modification, and alterations can be employed without departing from

the spirit and scope of the presently disclosed subject matter.

EXAMPLES 1-4
The following Examples evaluate whether oral supplementation with L-
30 citrulline during exposure of newborn piglets to 10 days of chronic hypoxia would
prevent the development of pulmonary hypertension and the concomitant

reduction in NO production.
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synthetic nono- or diglycerides. In addition, fatty

acids such as oleic acid find use in the preparation
wobkoovnpmet abl es. Exenpl ary carriers include nepdT/ab2009/032824

saline solutions buffered with phosphate, |actate,

Tris, and the like. In a representative enbodi nent

doses can be adMmIHOBSMPS QY ) BNEtAMELESaT-4t | mes
during a I reat ment period, including but not
limted %@ﬁ\ﬂ&f?}{%ﬁ: 4 , 5 6 or nore dosages. It wll

be underatsatof TOWRMSic ahdaV dohobpigletd weralsisidde V&de Figure 2.
for _any particular subject will|l depend upon a varie

d t
of ¢arifdanimals Werenyudird oxgde dayasf AEVrtom g iarg) at 12 days of
LS PR oot pid 17 Bl Uit ey poHbadlari ryporic
andchameberdwret0 toy1 lodaysh dgpaobadchypoxib wes pmvidedersgy cugnpressed

| ncAl A e ta srsale inspupAasden ol Fod hdbLl BE7E fom and co,
Pr 65580 Main@ingd A58 prg e‘"atbgsﬁﬁﬂfoﬁlrwiltﬂ Bodid Ohfe. O lhlbhiﬁgmals were

present disclosure and t enera [

(9]

evel of ski
t hemanitqretingthedailfy veshights and physipalrexaimatwice daity. tThey were fed ad lib

fol | awi n anpl es are intended to be . exenplary only
10 Witk OR il Riscen 2hgue oA Prule AL G-

al t er at ijae3TRED L INE SUPRYEAENTAQON departing fromthe

spirit and scope of the ﬁresently di scl osed subj ect

mat t er . SixHhESeventerie NYRMXNIG Ridk]s Eeiepséplemgnies: with oral L-
S&lﬁ@lﬁn@ rsférﬁrz%bﬂ tﬂgqﬂgilaaég B{ ?)Hetlﬁy‘g%&s Eg#é%ﬁg. | Cé Btyure 2. L-

exposure 0 orn pigle ron
hy peitciilinevsupglepientatidn Wae previdedpatesnidosé giud. Mdgan/kilogram body

hypertension and the concom tan{ redyction in .

1501 JMeight BHCRETIRDLS BY/A ByfiBge) IR @Aﬁﬁ%@sdq&ew@ﬂw'\ﬁi\ﬂ appeared to
ot gAY pegBongl it 1T PR hadfotdocdi 1R, HRAGHTSF 2aREs, it was
t herepagtedt lacitrulliak Wwasomixeldeuding enpaepdratidmySigofa Bharmaceuticals,

The,hypoxi ¢,.pi gs (,2..d ol d) ,were p ed i .

e LB ot (AR el Bl AN RaPb ) . concentration o

Norgrgh grarﬁs B¥P@MiilRe MEFigiNey Waesh ansiviterredrp et edissolVed passing

and nifrogen to create inspired oxygen of 8-1 1 % (PQ2
2060-this sphutron threiigbae 0.20 Micron filter.

IN VIVO HEMODYNAMICS
In vivo hemodynamics were measured in 6 of the control piglets and all of
the hypoxic piglets. See Figure 2. For these measurements, the animals were
weighed and then preanesthetized with Ketamine (15 mg/kg) and Acepromazine
25 (2 mg/kg) intramuscularly. A tracheostomy, venous and arterial catheters, and
thermistor were then placed as previously described using intravenous
pentobarbital for sedation. Fike, C. D. et al., J Appl Physiol (2000) 88:1797-
1803. Pulmonary artery pressure, left ventricular end diastolic pressure, and
cardiac output were measured. Cardiac output was measured by a
30 thermodilution technique (model 9520 thermodilution cardiac output computer,
Edwards Laboratory, Irvine, California, United States of America) using a
thermistor in the aortic arch and the left ventricle catheter as an injection port.

Cardiac output was measured at end expiration as the mean of three injections of
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was mai ntained at 3-6 Torr by absorption with soda

lime. The animals were nonitored with daily wei ghts
wa@nahopimess cal examtw ce daily. They were fed pd/Us109/032824

with sow mlk replacer froma feeding device in the

cage. L-ClI TRULLI NE SUPPLEMENTATI ON Si x of the

sevamled monypbsalinep(0§Cet Exhaled NQppase maasuedws Heseriled below.

Lci[érulllne. startin nt irst da
exp

H Q he f l of 'Itﬂzzinh' oXiC . .
i@ theda dive hae ’?W%&?»FPW?FN&?%C{EBY'@ W {e5gT air using a
waspigiop\ty g€ Jerflafr 804 8dAfvolirsoB8-RD cefgasmdesyiratehydittssure of
twice a day using a syringe to deliver the dose

or a? MymHgf and adppritatery rete ot 1rY0peeaibaRer mimde. t he
5! gl et héﬂﬁ?\gt[q @Fﬁ?ﬂcﬁéx‘irﬂé |\H@A§URIE1\AENT"" dose, 1t was

repeat ed: ne was nm xed using a preparation

(Si gma Rhar eseted NGhssasSiemésitinsandstisstizad ianiriist efpiratory gas
States of Anmerica, 98% pur.i t%(%niat a concentration o

( 1 f
0. Wagpamplesdvoip irep timas fgr S miryte pegadsaaeh andpagtesthrough a

co btV . . ‘i i
COIRR SR PAT R PR IO, SR Bl Colorado
henddijethBiatss efkreeriemdo meshsiure M Oofonchetratmmasqireyiogsle tisscribed.
and _all qf the hypoxic piglets. Se i qure 2., For

10 he b Xrels it o Arirgati JRuTaaher £ TTaipgh (b6 Raiuler and
Pr epBRIMH Ph%’iomg}/m Kei(#00g8)e214:15170/508) Bathled NO production
Acepronmazi ne (2 no/kg) intramuscularly. A
tr @nad&mio)rw,as\ﬁemmedm@ir@rmmumwemdaﬁ/m and theamgasured exhaled

th 1 St or .e then placed as previously described
usie'ﬁgltf%%%@gﬁ%rhs pent obarbital for sedation. Fike, C
D. et al|SOIAPRDILUNGPRERFUSMONE 88: 1797- 1803.

Pul nonary artery pressure, left ventrijcular end

15di ast ol | h%r‘%r‘"@redﬁﬂlaw @i”QcP%"lﬁ'ﬁﬂﬂ Invesite vt Kegbs Ringer
Cardi _ . . )
oAU PSRRI oo WORFR A 70000, o7 Cand
c omyerttitated Bditiea dorinelir gao mixtute V2188, OLahd {546 18@;z) as previously
nord5reanFia G AL dtetls /ARyl SDORNEE 12474505, The tungs

i nj\geld P@rf@%d forZ6-80ARICUARY shible TRARYHEY aﬁ%er%‘i‘%g?ssure was

expiration as the nean of three 1 njections of

20noraciiieed. i Pefysie)saniples (@ inNovaresher gemayedafsom the left atrial

descri bed bel o Dur, n e.in vivo nheasurenent
AR ePEN I i 1pEd G it ard > fa¢ B samples were
pi séetrifuged, wAdtthe auplerddtant whd altoredl atBoC bpfdlire analysis of

cc/ k_tg, end-ex&rqtory pressure of 2 m‘rgg and a
r espirtedrate r(NQ@X dfconsenigatinnsaan Sassribed halew. At the end of the

perfusion, the volume of perfusate remaining in the circuit and reservoir was

25 measured. In some cases, lung tissue was collected immediately following the
perfusion, frozen with liquid nitrogen and then stored at -80 degrees for later
measurement of eNOS content as described below.

NOX™MEASUREMENT
A chemiluminescence analysis described previously was used to

30 determine perfusate NOx™ concentration (nmol/ml) at each collection time.
Fike, C. D. etal., J Appl Physiol (2000) 88:1797-1803; Turley, J. E.etal.,, Am J
Physiol Lung Cell Mol Physiol (2003) 284:1.489-L.500 Perfusate (20 pl) was
injected into the reaction chamber of a chemiluminescence NO analyzer (model

4.



EXHALED NI TRI C OXI DE MEASUREMENT For exhal ed NO

measurenent in anesthetized aninmals, expiratory gas
woamsseyps ed two to three tines for 3 minute peeT/O8®09/032824

each and passed through a chem | um nescence anal yzer

(rmodel 270B NOA; Sievers, Boul der, Col orado, Unit

St al €08 NOAfieYes). The reaalien @m@r@mﬂ%vamdw (lll) chloride in

preyi t

TGP € i iy AT 0 o
Phywae® bamedhﬂﬁo ﬂwb&ﬂﬁa)lyz%?ﬂislr@lﬂ cdiistant flounaf Bd g via a gas bubble
production (nnol/ was cal cul af g usi ng m nute

ven"ﬁ‘FP aaqnw@ﬂdHMeNﬁ@é&&? B HEd B%0 A SNz grve was
perf R G K pies HPRENGIS A abpetii il gssaying

solaﬂdmcrmmdtfarthmger&%ldresanmies nol . wt. 70,000, at

e and SRl aaoNE Gelegtlat (sHaimp, wes cRiclBted or each

al . colbécﬁ@rﬁ’hm@'ﬁﬁh@ﬂtlg(y%gf?}ﬂé p%ﬁuﬂt%%oﬂ@@t@tratﬂh%f INOY St that sample

wer e perfused for mn until a stable pul nonary

ar t@lleatlorpttmt@ewahme of hesystepe (Farfisien sirgyl ’e@S@IVOIF) atthe

eve %H‘% ﬁgé]%c 'gﬁq@%g' ﬁﬁ éft}lg)gbf 8&1 l\ﬁfi%‘l Peé%&\?éwg}ltﬁ all previous

Sa"&ﬁrﬁﬁle‘éﬁr"ﬁwé3 edteroffNORd pradtibhavas getaraidatt froRsthe slope of a
stored at -80 C for_future analysis of nitrite/nitrate

( Ndinepr gegressiopdinpdit to the anagunt HNOXNIMe Paffusale vergus time for
of ﬁ\Bethteé Hﬁl‘ug@s of e ¥QltiBn Pleri@r fusate remaining in

the cCircui FeservorT was fveasured. 1n some cases,
| ung t| sBLASEs AVBN DeAC Hal MERBUREMENTS0! | owi ng t he
per f usi en, and t en s

, th,l d t
1550 50 o aaY B NPy AE SRRSOl A i eRson study,
as ﬂ?%&ﬁﬂr&%cp@étﬁ‘ﬂ—mﬂ‘%né/%gw nffeated_chronic hypoxic animals,

chem ['um nescence anal ysis described previously was
us edood wae tdeawin pgoplorstariing ehaktudy and e plasinafrozen at -80 degrees

"B b REloG 8t bEic, 84 18R, Faiifip dceitrhing treled hypoxic
|
S RTRL OF obta gl bIdf sahife ks cppiiately 12 hours after

20r eatbeu last dorenell-cBfullipecsr masuaitiorsbdevdl. N semg pf e L-citrulline
con a% %(éaaﬁﬁ anad S'nfvﬁft )blgépg'sre{ngﬂﬁ\tg' 37 aC'ﬂ%UBﬁrlevel a dose of L-
citrulline was given via nasogastric tube. Following this dose, blood samples
were drawn every 30 minutes for 90 minutesn(the length of the in vivo studies). All
samples were spun, the plasma collected and frozen at -80 degrees for amino

25 acid analysis.

Concentrations of plasma citrulline and arginine were determined by
amino-acid analysis on protein-free extracts. Amino acids were separated by
cation-exchange chromatography using a Hitachi L8800 amino acid analyzer
(Hitachi USA, San Jose, California, United States of America). Calibration of the

30 analyzer was performed before testing of piglet samples.
- WESTERN BLOT OF ENOS IN LUNG TISSUE

Using a standard immunoblot technique as previously described, we

analyzed samples of whole lung homogenates from controls (n=3), untreated
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1 MHC heated to 900C to reduce nitrite and nitrate
to NO gas. The NO gas was carried into the anal yzer
waoisimgoadconst ant fl ow of N2 gas via a gas bubbtEUsT0a9032824
containing 1 M NaCH to renove HCl vapor. A standard
curve was gener at ed addi ng known anmounts of NaNO3

tafinesaigd h

t o leypsxid (ned) ard brci edecriod Rypedc tesd entredls feeN@e. We used
el DRSOt MR IR it v.500 @0

rrul tranddyiction)t b@d raedilfuﬂ@atcﬁ soooadatyr adti-oousé afivody obhptgated to
npl e collection tine

(pemqragra&lﬁfbpequaw ?feégpba-le rg'k%? & i[rgf §§h | fé\'ﬁéﬂcan Journal of
500'/b@9§:b:8 ;('ng%ppéﬁukil%n@/%@cug I\/@&é/?g};ﬁ%ﬁ (1od&) 274:1517-

al |l previ The rate i'on was
detles2.ned fromthe slope of a linear regression |ine

fit tot ' f t ti
for the ¢RHEDLASIORSARD STATRENES | cori on period.
PLASNA A IN3re) DvadetRlpREENERCE WREE cHRVI#Ed from the in vivo

henodynam ¢ neasurenments and/or lung perfusion study,
f orhequyrmmlamemmentsu (Rulimonaey arfesial pigsaure — left ventricular end

1057 GREREC eletbt (ORISR 1oz a

- 80 degrpsam drefprésdred g hesarisnaSEoMheforanivap ANDVIA with Fisher's
| evels. For the L-citrulline treated h poxi ¢ ani nal s

t heProlariedleaptaianican diffasense dr siNgggomparison test was used
apRLHOXY r%l HathZhXAEeH Atk t@&th 8% &d Lcitrulline treated
eve ihe

L-crtrulTine SO was a troug sone 0
L- chytpoxid amimals. edt pdahmei lmaet than3:8% ,wafctcmsmteslre«bdlgniﬁcant. Meier,

[ fo 0 , a dose of Lcitrulline was
n a&’"n‘é@?éé\éq(%%;z%%égg Fol | owi ng this dose, blood
sanpl es were drawn every 30 mnutes for 90 m nutes

(the length of the in vivo studies). Al sanples were
spun, the plasma col |l ect ed RAMMPLEZEN at -80 degrees

for amno acid ' r-at

citrulline and ’WH?W&E@W@M@@’%MM d

anal ysi speth LR&iGtRihS tebR] ahd lifdfied AhfonRi: rﬁ,@bﬂﬁ: amhals had lower
separated by cati on-exchange chromat ography using

20Hi teardiaci@gpat and M@I@t&s @ngnhipherek VERHR mﬂaﬁuwﬁentgaw the day of

chfsﬁgdgaéto122°‘ci) ag,?% %@rr?&gglp%gar% é%)ntfol piglets (Table 1).

t eSMeBgur@fn@t@bﬁéomap‘mmre and blood gas indices were similar (paO, was

74+5 Torr in control piglets, 74+8 Torr in untreated hypoxic piglets and 78+7 Torr

in L-citrulline treated hypoxic piglets; paCO2 was 39+2 in control piglets, 41+4 in

25 untreated hypoxic piglets and 30+1.0 in L-citrulline treated hypoxic piglets)

among groups. Notably, as shown in Figure 3, L-citrulline treated hypoxic

animals had significantly lower pulmonary artery pressures than untreated

hypoxic animals (p-value of 0.01). Pulmonary artery pressures did not differ
between normoxic controls and L-citrulline treated hypoxic animals (p=0.08).

30 In addition, as shown in Figure 4, calculated pulmonary vascular

resistance in those hypoxic animals treated with L-citrulline (0.071+0.003) were

significantly lower than those of untreated hypoxic animals (p-value of 0.001).
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WESTERN BLOT OF ENOS I N LUNG TI SSUE Usi ng a standard
i mmunobl ot techni que as previously described, we
wanabpewas sanpl es of whol e | ung honogenat es f rpOT/US2009/032824
controls (n=3), untreatedhypoxic (n=3) and
L-citrulline treated hypoxic (n=3) aninmals_for eNOCS
Ve figthermoreipimgnans/aseulas tegistanersavere siman ipdi-giulpe treated

pri tion) and a
i 11PoKic %% %@%ﬁ‘%‘“‘g’{%‘% &O’E@%%&? Al j ugat ed
to horseradi sh peroxi dase of 1:5000. Fi ke C. D, et

al ., Anmerican Journal of P y. (Lung, Cell uI ar
and Mol ecul ar Physi ol ogy 1%7?&"\1‘%8 2274:1517- L526.

5CALCULATI ONS ANRA ?EﬁTN 8lOGFPTH WERFM%%%X nam c

resi stance was cal cul ated from e in vivo
measur ends tshowhPul Rigonee $, axbaled dNOpowpeuire contedis and L-citrulline

outIRAFEIHpoRE gnirae arg BpESH etk sradied o¥0iGuput nyuntreated
Theh RicEHimA aMiédof0.80¢ Eanﬁ oR0 32 REpEEtVeRAS However, exhaled

Si nlflcant difference (PLSD) post hoc conparison test
vvasNOsmﬂplutcdld: patdiffer tmtwaeb Qom@lmr@dnmtrulhnemrmat%hbmeIc animals

hyp d L-citrulline treated hypoxic animals. A
10 v@l‘h 2?1233 than 0.05 was consi dered significant.

'\/El er, Uhssithahm %A aie & 2R frdm Bt tR6 BontrIAMPOB2) ahdL-citrulline
VI VO HEI\/O:)YNAM C SUREMVENTS Both L-citrulline

t r dsgatad dypowRt(PEB04Y apRndR; had-sigpificantlynhighes Nixg accumulation

|l o [ [ | Opg

B Bt AL BB gl ORGRYRE s was o

t hadifferempariatthe ratge of i@ obcpirgliation (DEAbEen 1t)ngs from L~C|trullme

Measurenents of aortic pressure and bl ood gas i ndi ces
1%rtée§p%ygpx1(:@g@alﬁg§ TRIBIONGGONIRIS ont r ol pi gl et s,

74+8 Torr in untreated hypoxic piglets and 78+7 Torr

in L-citrulline treated hypoxic piglets; paCO2 was

39+2 in control piglets, 4BE4AMRPLENEreated hypoxic

piglets and 30+1.0 in L;Gi |\l ed hypoxic

pi gl ets) anmobng groups. *’k@tsm M'E@%‘F?Z@ﬁ in Figure 3,

L-ci trul Aé nehdwread eldabhwmoxalmo@ghrmbts réwhirg gaatistiesinsigyificance
| ower pul nonary artery pressures than untreated

20ny plpePdBarmlasms Legitrvling levets in uptreatedehreitia Pypaxie Rilpts were less
pr et?\%Hrtr%%gﬂ mﬂﬂﬁlng'lg\fe%rm treated hypoxic piglets. Moreover, when drawn

ninety minutes after a dose, levels of L-citrulline in treated hypoxic animals were
almost twice that of the untreated chronic hypoxic animals (p=0.001). However,
regardless of the time the sample was drawn, plasma arginine levels were not
25 higher in L-citrulline treated chronic hypoxic animals when compared to untreated

hypoxic animals.

EXAMPLE 4
WESTERN BLOT FOR LUNG ENOS PROTEIN
30 As shown in Figures 7A and 7B, the amount of eNOS protein present in
the lung tissue of control animals was significantly higher than that present in the
lungs of untreated hypoxic animals. Furthermore, the amount of eNOS protein

present in the lung tissue of L-citrulline treated hypoxic piglets was not
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bet ween nornoxic controls and L-citrulline treated
hypoxic animals (p=0.08). In addition, as shown in

wo@une9ds cal cul ated pul nonary vascul ar resi SPENTS20091032824

those hypoxic animals treated with L-citrulline (0.071
+0.003) were significantly |ower than those of

unt giai t@@tlyygtﬁar@ntaﬁprﬂmtrgat(lﬁ {he) ysetreated hypoxic animals and was
0.0

wer SOUTERtHY AR i OB 3R RankERaaBIE T, o

and nornoxic controls (p- value of O. 07) EXAMPLE 2
EXHALED NO OUTPUT AND PERFUSﬁ%E E@%AAS shown in Figure

5, exhal ed NO output in cont §Edhd L-citrulline

5t r eat GATRYAGK @oﬂﬁ*m? %NRDN&A@.W HW@'X!@WD@CN@ULUNE
out put i n untreated hypoxic ani mal's (p-values of

and 0. 032 r espEREAVEDYCHRAGINESALY BXROXE INGLCEIEE‘put

did not differ between control and L-citrulline

treated hypoxic ani mals (p=0. 124) As shown in Figure

6, lungs fromboth the control (p=0.02) and

L- cNFnumbieﬁ@fﬁw@ﬁl@d/aiy%%ebm@an@t%ﬁbﬂ RiTHEP ¥sheantrols, ANOVA
significantly higher s than | ungs
fromuntreated hypOX| ngﬁgg&gb@% ﬁﬁgﬁﬁ%ﬁe t here was

no difference in the rate of NOx accunul ati on between
lungs fromL-citrulline treated hypoxic ani mals and
normoxi ¢ controls. EXAMPLE 3 PLASMA AM NO ACI DS As

shown in Table 2, although not reaching statistica
significance (p=0.05), plasma L-citrulline levels in

untreated chronic hypoxic piglets were | ess than
trough L-citrulline levels in treated hypoxic piglets.
when drawn ninety mnutes after a dose,
| evel s of L-citrulline in treated hypoxic aninmls were
al nost tmﬁce that of the untreated chronic hypoxic

Mor eover,

Ani.aml o n—=—N_0A0431)...  Lwoevoy v Aannar ACC er

UATTT TTAT O \ \' T CUGI I.IIC |. IIC »

sanpl e vveyvﬁl'gﬁ%r#t H aW%r gi ni ng 11\1@2?5 WEl‘éa ﬁ’!ﬁco tpL't Arterial f
Treatn%:ﬁher i N daysl 6F aldé | NPrésfipeed chr@emit,oly PA{hflmami

when conpared to untfeated hypoxiic ani nmal s.| EXAMPL 4

Group\ESTERN BL(KF) FOR LUNG@&NGEGIROTEI|N
Controls 3.94+0.3 91+0.8 5.2+0.6 414443 7.38+0.05
N=6
Chronic Hypoxic | 2.76+0.15* 100+4 7.4+0.5* 244+16* 7.38+0.01
N=11
Citrulline Hypoxic | 2.6+0.09* 97+6 7.2+0.4* 270+41* 7.36+0.02
N=6
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As shown in Figures 7A and 7B, the anount of eNOS

protein present in the lung tissue of control aninals
woamesdges f i cant |y hi gher than that present i np¢hes2009/032824

| ungs of untreated hypoxic animals. Furthernore, the

anmount of eNOS protein present in the lung tissue of

L-citrulline treated hypoxi cT/bBbEe?t S was

not si grp|fA &g tAMmQQf/i@f[?DEVEL bﬁ?ﬁ&db{’ffi@ﬁ, «gﬁﬁ-‘&ﬂ@ LY

hypoxi ¢ ani mal's and was sirgnificantly | ower an e

pr ot eHYP@XEE AND LeOIMRILL NG TREATEDABHR QNEAAL FER'POXIC

CONTROL, CHRONI CALLY HYPOXI C&r\@ﬁgﬁd TRULLI NE TREATED

CHRONI CALLY HYPOXI C PI GLETS r of animals,

rVal ues are neans*SEM *p<0.05 vs. controls, ANOVA with

post - hoc conparison test. TABLE 2 PLASMA AM NO ACI D

LEVELS FOR CONTROL, CHRONI CALLY HYPOXI C AND

L- Cl TRULLI NE TREATED CHRONI CALLY HYPOXI C Pl GLETS

N=nunber of aninals, Values are nmeans+SEM *p<0. 05 vs.

controls, f pIPeltmert Gronpr ed@igallisdr on) Ardiyipexi cs

ANOVA wi t h post-hoc conpari son test, Qtrulline

Trough- pl asifEedfiGE NBROT OXI|FaLEl Y T Wel YeiqgIrs af ter
10L-citrulline rgése_, ONtruI line 90 min- plasma |evel 90

m nutes after ' rstnat tom ot T LecrtrpEl T

dose. DI ScUsS| GITBRCE AR TTE3 ! ek W it was
found that L{qN#t8 ulline suppl enentati on aneliorates
t he devel opng hypertensfonin newborn

ent.of pul-nohaiy —hyper }
pi gl et s exposédcitrylling deppledfl6dtponi ¢ h§Pbld a. O her
findings in thi u e that both exhal ed NO
production an ?@Sﬁh}bﬁépgﬁvas,cul ar NOx pccumnul ati on
rates are gredN=8 in L-citrulline-treated hypoxic
pi gl ets than H-nuntreated-hypoxic piglets—TFhus—1t hese
15fi ndi ngs showlcitstllipe geatd | ?ﬁgigﬁﬁpl en®#ERt i on
signi ficantly i pasHfm ! monary NO pfoduction. The
amount of el\l()ghgrotéi n was mgt increased in the
treated hypo)iN=3&ni mals. Wiille it is npt desired {o be
bound by any 'partiett-ar—thedory—oef—operation—the
nmechani sm by which L-citrulline nmediates an increase
in NO production is believed to be by increasing the
anmount of L-arginine available as a substrate for
eNOS. Plasnma |evels of arginine in the L-citrulline

20t reat ed ﬁgﬁmmhér H‘aﬁiﬁ%ls, Values are means+SEM, *p<0.05 vs. controls, T

p<0.05 vs. untreated chronic hypoxics, ANOVA with post-hoc comparison test,

Citrulline Trough- plasma level approximately twelve hours after L-citrulline dose,

Citrulline 90 min- plasma level 90 minutes after administration of L-citrulline dose.
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present Exanples were not significantly increased when

conpared with untreated hypoxic animals. This
walcaeosmasice between intracel | ul ar argi ni ne aneic™M082009/032824

production, termed an "argi ni ne paradox”, appears to

be present in view of the increase in NO production in

the face of unchanged plasnma arginine |evels seen with

L-citrulline suppl enB@@US?TbNQPﬂ%?%ﬁ\/IPFE@t Exanpl es.

L-citrulline is a uréa CycC € net abol i zed
t o ar gi nnnExaynpes etvcl it ngapafdunaly tiodt tweitraling mespplementation

R B O SR 5 R it
5f O%O‘QEd'tBCFﬂ Eéiyé"'bf Eh(% ] @?ﬁ‘é\rﬁ’n(ﬁﬁg@m‘ﬁ"lé §{rugy are that

In Cin Nutran
( 2083h exhlal'feﬁ NQ prod!uctm aﬂdcmgmnpnahmascumﬁ\l@f adegpwilation rates

b
ar i SreatEel CerdEr Py e s fidriscen B uaratgrlpvpoxic
p fﬁg@t@rm@ %é%l@maﬁ%ﬂfﬂﬁ@éﬂpﬁ%@ﬁéﬁt@tlémslgmﬂcantly

subcéel | ul ar rulline could al so have

| npnom@éedlcptwm@dam NéhpeastucimesT he eerowrt afyeN@8i protsialwas not

oeC ot desired to be bound

by E%%gﬁ ﬁ%aggaﬁe#wp%x!%aﬂd@er%at i on, anot her

pOt enti aNhﬂé'itl i®Aobdediretl tbbd haurel bWam)?lﬁarm&alaGMeory of operation,
nples is the prevention of the uncoup Ilnggof eNOS

by tﬁam@@aﬂm@ byyehigateciiraliae mestiates andiigreapadnNO production is
ar %éﬁe@@d t6B8HY in ﬁé@llg ythg faﬁ?)cgg?t of £SirGffhd QVQE\bIRiPHQQ substrate

any particular t ationy L-crtru
m gbt ehiG® [Flasmmafdweds eﬂatgﬁainbilmmumibmlhm yfeated\lﬁmmals in the

byco ensating . for incre sed e radatl

1508558 EooTThic e Ry POk o ALY JRERESSRo HHED, Bpared with
m qmtréeﬂéa Dg&s&lé a@ima%]zvm@als%o%b@%waéélﬂhtrhaarmm%nme and
such oxi dase. et al Am J Physiol Lu

CeI Nowpdmttym mm(ab@@)argmme_szar@sz” anpsam@@@spresent in view of

RSB L DL IR Rt PRBLREA Gl v

i t Séiarﬂnm Lkdltmlﬁﬂi@éuwkﬂ@meﬁtdi@nhn thd prebéntExamhplesed-citrulline is a
enough NO production to conmpensate for the superoxide

20ne dﬁrgtae:dcleéat%me@irate netabelirgdio argiaine: Rsarecyckingpratiyvay of two
sho
hy pox iPa-1 é u@ hHO%*;ﬁﬁﬁtaer @%%%3{@8%8@”&%%%% #nnate lyase (AL).
pi giiedse twAl enzymes, ABdandsAky haembeen liatnd be-located with eNOS in

or dadEenan; Snsdselal <aler GaGehaR: 8- & eGP Cfiupgn et Care

neonabes1 fE54 €Kt Rfthought that together these enzymes produce a separate

25 subcellular pool of arginine used exclusively for NO synthesis. Tissue and
plasma arginine levels cannot accurately measure this subcellular pool.

L-citrulline could also have improved NO production and eNOS function

by additional mechanisms. Again, while it is not desired to be bound by any

particular theory of operation, another potential action of L-citrulline in the

30 present Examples is the prevention of the uncoupling of eNOS by maintaining

adequate levels of its substrate arginine.
Again, while it is not desired to be bound by any particular theory of

operation, L-citrulline might also have affected the bioavailability of NO by
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devel opi ng pul nonary hypertension due to chronic or
intermttent unresol ved hypoxi a. REFERENCES The

wo edoenenees | i sted bel ow as well as all refererCEES2009/032824
cited in the specification are incorporated herein by
reference to the extent that they suppl enent, explain, .
pr osaraeensatingkipr Joeigased NP degiadatien.hdadding gxposure to chronic

ot PSR BEORe RIRRELD ABft AERIEIFA Hre) Mntig§BGices other
72%haBaiN@Srisush ab NACERRG)idssEngliu Jtldbd ABS 3R 8id358ng Cell Mol
PuEP R 008 28002k 1o I GFeRe SuhRseNide production might have
US- Q41 aRe3cda Mith NEY kb rslig&t ROy ﬁfro&%tio%ggﬂw %&Ease, it is

I nter nayi ona? Pat ent Application Publication

2005085164 thatp pindvidingd LSeitrtuinbealiowed0esough SNQPapradiuction to

No. 6,343,382. U. S Patent No,. .6,743,823. It will be

R B TRRLE RO TG SPGB eRHABY esent | y

di scl oseg &mhﬁm thatjrese B xAApRasHiRd tvdtt Ineulline ameliorates
m

departing fro e scope of the presently disclosed

suquronicmwnceda-irrcmceﬁewfmoaam hepedension iy newdor guglets. Also
10, Bl BUPRRPR 174 b B AR RaE Bl B o roase o

1. produtiisrl ofhiig,eptditngliny e chagefuroharapydits pleddiates at risk of
the net had conprising adm njstering an effective
arcARMelRiIngpPUImMengyyi wepieasignie fooctHorigHrdoiermytant sgresolved

thereaf:, 2. The method of claim1, wherein the nitric
oxi precursor is selected fromthe group consisting
of citrulline, a precursor that generates citrulline

in vivo, arginine, a precm%al@generat es argini ne
15| n yi vo, and c_orrbi nat i ons & E. Th_e met hod of
clai m 1, TyhgeRir8ndédte ligddl BERWe B NWelt B BIISRfer@hdés cited in the

specification are incorporated herein by reference to the extent that they

(&) ]

supplement, explain, provide a background for or teach methodology,
techniques and/or compositions employed herein.
20 Jobe et al. (2001) Am J Respir Crit Care Med 163:1723-1729.
Ballard et al. (2006) N Engl J Med 355:343-353.
Ryan, R. M. (2006) J Perinatology 26:207-209.
Published U.S. patent application number US-2004-0235953-A1, published
November 25, 2004.
25 PCT International Patent Application Publication No. WO 2005/082042,
published September 9, 2005.
U.S. Patent No. 6,343,382.
U.S. Patent No. 6,743,823.
It will be understood that various details of the presently disclosed
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adm ni stration, intravenous adm nistration, and

conbi nations thereof. 4. The method of claiml1,
wob@we9t he subject is an infant. 5. The net hedr/v$2009/032824

claim4, wherein the infant is a preterminfant. 6.

The method of claim1l, wherein the nitric oxide

precursor is adninistered i n"ChA#MSe rangi ng from about
100\,\)@,[ Qﬁ)ﬁ) i30, 000 ng. 7. The net hod of claim 6,
wherein Pic oxi de precursor is administered in

a dose rangl n@ rfnetthmiaﬁdtﬁat@@%mgchmp@bnuaryldﬁmamg, tH& method

The nmethaod of claiml1l, wherein the s ec,
{  CRATRRIE AT STt BT ocive Aty s s precursor to a

5CI tédﬁjéétriﬁn'e%%ére%? <37 mol/liter. 9. A nethod of

attng chroni c hypoxi a-i nduced pul nonary
hypert endi on, Tlueheneiﬂat)ﬂanf cleimpri, singreird theningitrieréxide aecursor is
nitric oxi cursor _to a

ef s %‘I?t\és,fa ' ad etg{gpgoqonsisdlng mﬁgﬁ Hgdao@reg%ﬁorlhtgat generates

whe@ﬁumnéhﬁ ViV3, " drgirid 08 REEGHHE Biatl ferkghrRet &didin@Th vivo, and
the group consisting of citrulline, a precursor that

ger@mblégtl@l'l?eﬂlﬂfwfne in vivo, arginine, a precursor

10t hat gen§r at eﬁﬁ@ﬁ%éﬁ#](gf $in¥ JI Whergﬂﬁm%%iﬂég%rg@scomprises oral

t her eof . clarm erein
ad r@dmsmfatm pRrvehses admihiseation) isidradmisinations thereof.

i ntravenous adm ni strat | on, and conbi nations thereof.
12. The et holh %fnezsh@.qi B Slaim e WSBFE D B SUBICSLIS 3T At

i nfant. {%3 T'l“ et 8(?2%[?&%@ Wh%?edn"m@‘i hht l%tbepl‘e‘?érﬁmnfant

|sapreerm| alm9
wher ei n 8.he nThe icetbeddel plaEc ut, seherein Hukrinitris t aidel precursor is

a dose ngi from about 100 Q out 30,0
SISO oS e om S g6 e FRptt 0,000 mg.

OX' de precur sphe irfietA8H ¥ élbﬁﬁ &l Wherirfl @5 nitAib Wxide fprédarsor is

about 250 ng to about 1,000 16. The met hod of

cl addmiistarest leumd@mr&wgﬁpnsabméﬂéofmgﬁ@ about 1,000 mg.

"Lvors oF £ SRR & Ot h R AR s gect Slifers from

CO“Wdtf&m&ﬁﬁMHaﬁé&@rlﬂe@ B?rpllﬁaﬁﬁélbltﬁﬂldeweﬂé@@ﬂt@@? gmol/liter.
carrier and an anount of cifrulline effective to raise

20pl asma c@+ rul Ai methedebf tligeatingatchiseriac hypexiadnduged pulmonary

dysngI 513 s%ﬂf 'tr{or(r‘l noge e gf) %&%@%%4}%@8@&&%’ a(mourﬂ of nitric

conpadé @ﬁedﬂr@@rnt@ a subject in need thereof.
10. The method of claim 9, wherein the nitric oxide precursor is
selected from the group consisting of citrulline, a precursor that generates
25 citrulline in vivo, arginine, a precursor that generates arginine in vivo, and
combinations thereof.
11.  The method of claim 9, wherein the administering comprises oral
administration, intravenous administration, and combinations thereof.
12.  The method of claim 9, wherein the subject is an infant.
30 13.  The method of claim 12, wherein the infant is a preterm infant.
14. The method of claim 9, wherein the nitric oxide precursor is

administered in a dose ranging from about 100 mg to about 30,000 mg.
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citrulline levels in a subject to be treated to that
observed in a subject not suffering from

wheanoboptil nronary dyspl asi a or hypoxi a- i nducedpCT/US2009/032824
pul nonary hypertension. 18. The phar maceut i cal
conmposi tion of claim17, wherein the anpunt of
citrulliffe effremetaod @fr%@bml wheeeinithe itricnexigde psecursor is

ea%qrﬁq@ t%m'%tgl h%l %Sré %g@ﬁqina Dgi‘,édatht%%gang Qé 8889 §008tmg.

mol /11 t43., oﬁhé anetHod af tlamst9,2whemneih/ the esubjandsuffers from
optlonally about 37 mmol/liter. 19. The pharrm eutic

corpcitiyd m%wacqwa@the@vhﬁ pasma Aulling: iRuRls of e umollllter

SCOIT'pOS | t4pn i1 & Sapked ficl ddHhpSNESIP SnidrisHfh pharmaceutically

adm ni stration.

10

15

20

acceptable carrier and an amount of citrulline effective to raise plasma citrulline
level to treat bronchopulmonary dysplasia or hypoxia-induced pulmonary
hypertension in a subject, wherein the level is determined by comparing plasma
citrulline levels in a subject to be treated to that observed in a subject not
suffering from bronchopulmonary dysplasia or hypoxia-induced pulmonary
hypertension.

18.  The pharmaceutical composition of claim 17, wherein the amount
of citrulline effective to raise plasma citrulline level in a subject to at least 5
umol/liter, optionally at least 10 pmol/liter, optionally at least 20 pmol/liter,
optionally at least 25 pmol/liter, and optionally about 37 pmol/liter.

19. The pharmaceutical composition of claim 17, wherein the

pharmaceutical composition is adapted for intravenous or oral administration.

-23-



