DESCRI PTI ON THERAPEUTI C TREATMENT FOR LUNG CONDI TI ONS RELATED

APPLI CATI ON | NFORVATI ON 5Thi s patent application is based on and

cl ai ms priwobeng/ored). S. Provi si onal Patent Applicati onPESEAS2009/Mers24
61/ 025, 157, filed January 31, 2008, the entire contents of which are

herei n incorporated by reference. Eﬁg%{: LD 10The presently
di scl osed subject matter relates to nt of lung conditions,

such as bronchopul mDWHERMﬁeImEﬁPﬁEmnHOthmm@Q:cmgmmwduced
pul nonary hypertension, such as in infants. BACKGROU

15Br onchopul nonary dyspl asia (BPD) typically occurs | n i nfants,

particularly preterminfangg A hPPE RBAPIEHEI Wﬁ@quqlgﬂ acute injury
a

to the lungs by either oxygen and/or mechanic venti | ation,
resul ting i interfEnispetentepdication sihiabed poandelaimawricatyiod]. &rPrawisional

T53: 1725 1729) PAER ARPHeROpateeek N A28 S0 Ry 3¢, 6806, 8 Enire

exchange and | gditesisiof fihidhedredRvaihdsoeporatdilby teferense of this therapy
ininfants at risk for BPD is controversial (Ballard et aL (2006) N
Engl J Med 355:343-353). Infants with chronic lung di sease and
cyanotic congenital heart disease freeggeidlyFigubf er from hypoxia.
Because of its effects on both existing and 25 devel opi ng pul nonary

arteries, throni c hlipprieseethudiselopedguldses matteriglarsstoithe Hiepkmenteof lung
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suppl (2004) J4iaduesi aimddaty impteiepsioohsusti @s imjipfaxisa results in severe
pul nonary hypertension culmnating in right-sided heart failure and
deat h. 30Accordingly, approaches for the treatnment of |ung

condi tions, such as BPD and chroni c BAGKGR@UNDuced pul rmnary

hypertensi on, and further such as nf an rresentative .
long-felt Hhd contiFenAgeRdaaNary tclYép%‘ (%%D) Ypically ocors” in  infants,

particularly preterm infants, and is charactenzed as an acute injury to the lungs
by either oxygen and/or mechanical ventilation, resulting in interference with or
inhibition of lung alveolar and vascular development (Jobe ef al. (2001) Am J
Respir Crit Care Med 163:1723-1729). In animal models, inhaled NO improves
20 both gas exchange and lung structural development, but the use of this therapy
in infants at risk for BPD is controversial (Ballard et al. (2008) N Engl J Med
355:343-353).
Infants with chronic lung disease and cyanotic congenital heart disease
frequently suffer from hypoxia. Because of its effects on both existing and
25  developing pulmonary arteries, chronic hypoxia causes progressive changes in
both the function and structure of the puimonary circulation. Shimoda L, etal.,
Physiol Res (2000) 48:549-560; Subhedar, N. V., Acta Paediatr suppl/ (2004)
444:29-32.  Ultimately, chronic hypoxia results in severe pulmonary
hypertension culminating in right-sided heart failure and death.
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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SUMVARY The presently disclosed subject nmatter provides

met hods and conpositions for treating lung conditions, such as

br onchopulwonemwpedyspl asi a (BPD) and chroni c hypoxi a- i ma¢uasebos/032824
pul nonary hypertension, in a subject. 5 In sone enbodi nents, an
effective amount of a nitric oxide precursor is admnistered to a
subj ect suffering from BPD and/ or ass%Uﬁ@WﬁBYbonplications and/ or at
risk for sufferi ngtﬁg@n&agéﬁry Bt BTt amaRel A3redides t s |dhd

sone enbodi nents, the nitric oxide precursor conprises at |east one
of citrulline, campesitanssorirediag lypaearditisnscsuch@sibrenchppulmopgry dysplasia

e e

thereof. In so e ni oXI cursor, suc
citrulline5bis admlnisstrerembatimehis, ah effsctive aemdood pha nitrsg oxidespreictirsios is
oxi de precursor, such citrulling,.is adapni stered intravenous|y.
"n some embod: FRTSTEEA e Arubert e TR D f s SRt
is 15 adni ni stgidger 4tQisk forlfReihg BT &hd/BEcdhpitatbh®associated with BPD. In
hypoxi a-i nduced pul nonary hépertenm on_and/ or associ at ed

conpl i cations %R GMeadimeste, ey nilierede preqrenti EOMPIRSS al ferghoeg of
pul monary hype(é]fr@lﬁﬁé,og RS BRI HerAib8 NSr@RRO G 3hved %ﬁ@rnﬁt{}égﬂbé’lly

hypoxi a-i nduced pul nonary hypertensi on. |In sone enbodi nents,

nitric oxide pacseptabls safbtthpraofandaonhinationsileerepf. dn spuielerzodigepts, the
precursor that _.gener. ' |l ine dn.Vviva, : . LGal |

accept abl e sal rt"gi%hé)?g%fep,sr e%%ré&@os%ﬁn%% ?g'\r{\gﬁﬁ% hé?ggpﬁﬁ 'gg?éswotr?@@' ‘Yn some
enbodi nent s, tdraboditreints, dke atrip roxiier pacurseucsuchsas citnudline| iseadingnistered
adm ni st ered o.rfaII@/. I p sonme enbodi ments, the nitric oxide precursor,
such as citrul MA¥E"GUSYadni ni stered intravenously. It is therefore an

obj ect of the presdnkbihedinisddiaettssabiacitivaaindnt bba Rty eridelgrekorsor is
treatnment for a | un% condition in a subject. | ect of the

ur > ) An obj
present |y Wi scadaivistaras;te & sUbRGt sHitpENg Q”b‘éhé'ﬂr_@tr_éfpeﬂaﬁ usedpamenary
ot her objects Wde‘rteﬁ%ﬁﬁcﬁéﬁ deficided t i SIRBGEAD bha/br PAORSE IS sifdihg

taken in connection wth the acconpanying draw ngs and exanpl es as
best descri bedchienisi hypoxiavind(3GeBRPEMMEGCRIARIENSOR B/ BRAAMISAtions

Oty b onEPERL R af e HEBIYEEoa MG pefofloh’ th agrm
embodiments, the nitric oxide precursor comprises at least one of citrulline, a
20  precursor that generates citrulline in vivo, a pharmaceutically acceptable salt
thereof, and combinations thereof. In some embodiments, the nitric oxide
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 3 is a bar graph showi ng nean pul nonary arterial pressure
measurenents in control (n=6), chronically hypoxic (n=11), and
L-citrul | ive 2¢mpsoesd chronically hypoxic (n-6) pigletsPCNUS2088DI28R
are nmean+SEM *different fromcontrol; +different fromchronically

hypoxi c; p<0.05, ANOVA wi th post-hoc 5 conpari son ure
4 is a bar graph s%&h‘@@dﬁl%ﬁﬁ%ﬂ@?"bﬁh‘%ﬂ rrye%wtm%narv@&eg?bﬂ@égvﬁ?

control (n=6), @5%@@?1%?\{5{}6 Eé{rfi (ﬁ éA)nnHt)mcaﬂ{Q%ylpoﬁbt (nHHHS) Nghd [ Rk SIhe
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,(Alnl 11)I and L- @jmmaﬂsgnm@stl re?t ed chronically hypoxic (n= 5) pi gI ets.
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chronical ly hypoxi g:lglﬂ'g(f ]%)3 SW‘?"Hg}%@F wcd%%agyvgw W@%#S%%
Figure 6 is a jjabnfbe@Res REMntIN hiypotie (it airel [dekuNit alcatod ¢imohivally
perfusate in control (n=17), chronlcall hypoxi ¢

9
L-citrulline tmweKisd(reR Gidietsl | A1 HABISRi %re( megn+HF é‘?et%ﬁe@m fromy gardrol;
are mean+SEM ﬁé'&%%ﬁjhﬂwcﬁ?ﬂmggfﬂiﬁﬂm Ehidsl aneivA WitHosRheédt&AbhNson

hypoxi c; p<0.0 ocC c nmparison test. 20Figure 7Ais
an i mage of0 antes’mrunobl ot for eNCS prote| n reprobed for actin for

lung tissue from c g%r Issl 5% Braij m@gmf%&[\:{tﬂc @xldeai‘?ldconl’grol (n=6),

L-citrulline treat
7B is a bar grmbnlsﬂwmxdﬁ(mmprmﬁr y-cdmjllmmaiml mhtanmaﬂytiwpemm(n—S)

for lung tissue f on rols (n

L-citrulline Z@QIP ﬂ'i'ec"}‘?fb$§&@{ ( ndjgﬁ”eéf g&,r&@_r ,ﬂ'LeEtﬁnt from
DESCRI PTI ON Pr@{r@;ﬁlaanwybbﬁnccm o@umcbvmﬁtﬁﬁf&tmcaompaﬁédrﬂegie in
obstetrics and neonatol ogy, accounting for nopst of the perinat al

nortal ity ®nd | ong-figir 80s r?eéﬁbgfﬁﬂ*bswlﬁgd?'?'?’@%%a RN INzBiHg
I s one of manyy, (gfm-l, e

birth. BPD can g ajéés@g%dariﬂgg ,{qu? ?1 ro onzqﬁéggggf]tgbl :éﬁz]g?_l ggeﬁiﬁé Neated
pr et erm i nf antGhrenitallyphwwoxishidsp) piglets: atdl oabiegare mpearsSEN sfﬂ'ffqu@ﬂﬁ from

years of life, and. ooyl GRTROHALnBRIaNS nybSkid; 152s.65Y ANSRRA it B¥st-hoc

infrequent in
comparison test.

20 Figure 7A is an image of an immunoblot for eNOS protein reprobed for
actin for lung tissue from controls (n=3), chronic hypoxic (n=3), and L-citrulline
treated chronic hypoxic (n=3) piglets.

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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infants of nore than 1,200 g birth weight or with gestations

exceedi ng 30 weeks (Jobe et a/. (2001) AmJ Respir Crit Care Med

163: 1723- :3Wa%Yeo/0Fhes | nci dence of BPD defined as an oxy@em/useme/oxs2436
weeks post nenstrual age is about 30%for infants with birth weights <
1,000 g (Jobe e 200 m J Respi.r Cr d 163:1723-1729
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adequat e bl oodJoby gta, (Z&OGhthdHeamerfdré‘@r@Mado‘l@ 123 hADve airfl ow
e 1O o o 5B BRSPS SR
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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10 treatnments for patent ductus atteriosus, and proper nutrition.
Nitric oxide adm nistration via inhalation has been denonstrated to
i nprove | uwQ 2000ed90pnrent in i nfant ani mal nodel s ( Bal | @Ca/useew/ 032824
(2006) N Engl J Med 355:343-353). However, NO administration via

inhal ation is controversial_ for_ human subjects. Thus, | ccorda
W th Some. emboleNERIPOEH ST e loh Blbn I Sarl GVeT BEL (R aF M.
adm ni stering gmeyylp@gawoﬁg@gomo%ecursor to a subject suffering
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20 structur® ofevciop. fiurremiipeyailebledtdaiiniois caBleompdse:isprfattanat admikisiraiia
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suffering from chronic hypoxia-induced pulmonary hypertension is provided.
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30 in vivo, can be provided as an NO precursor. WO

2009/ 099998PCT/ US2009/ 032824 | . THERAPEUTI C METHODS The

present |y WDLBI0HWES subj ect matter provi des net hods an®(ddH3YRI0838ns
for increasing NO synthesis in a subject. In some enbodi nents, an
effective anmount of .cjtrulline aor, other NO precursagr is.adnnistered
Co a5 subj ect 1o i AuTUiNe by heRbeRe T SR ip aup Lo didoRE
precursor is sgitgcodde (NON theheg ursEdcyds,| ditgilivgs isty prevatsdrifot theddd aovo
citrulline, a precursor that generates c'btrul line 1n vivog, arginine,

a precursor t h&!"tb‘%ﬂ%%?@r_ﬁaﬁgﬁ{%@‘q RaRy @dj,eaHPnft‘fﬁﬁjrﬁ’F%QEQ"?ﬂ% hPERFS
In sonme enbodi [RAt ﬁﬁhiéhhé‘arpéﬁtfs'éggbﬁlﬁf BE eQtBRd Wdofh%on?ﬁo@odf wiste nitrogia(r)l,

admi ni stered oralfy. In some enbodi'ments, the citrulline or other
NO precursd¥ i partiduiarly steneiia. Attemadvelysarginine can provide ferrtbe @redugtion of

di scl osed subj . .er I ggs t bt
(reat i ng. oD ang YHTHHE SxPeRgnileRl, PROSPR, RAAE (RO QERTRRRIS) R
enbodi ment s, anotedrilefuriexeretiom ofibtmaionia butlih Imaietamingaderyuaiétigsuedavads of

is adm nistered tao atﬁub' ect sutr}‘h@:;i ng from BPD and/ or associ at ed
conpl i cati ons 3®"URE/BF PERCUSYIETO!- suffering conplications

associ ated wi th BPINjiddlo5@8® izBBnitrid Gxidé L aitRady 8¢ihg afginine as a
sel ected fromthe grouggl ncl uding, but not limted to, citrull]ine

ai.ng . . . lne, a
precursor tthat spstiaien &ae eateripifiigiadiar iy ihesynhenih PO ig the avaiiatdity of
that gener at eScéfuirifirel ki iR pRiteAIBbIRL I BRIRIRBTEONO YRS de
enbodi ments, the citrulline or other NO precursor 1s adm ni'stered
orally. In 20 serabiesydaesizadt fsomchailgie: rlhe i wérosynibetie palloayfecargisgie
is adm ni stered. | 1 : | ; |
{reated 15 a suRrRSrCRLRRP e (RS duh BREh R et pRehaile &
wi th BPD. Reprp®datatirbinexahiohdsiuoh isscorhbineddith bepartatedndhe ptessade of

herei n aboye. The presentl|ly di,sclosed,subject. matter ,als r oyl des
ot hods anth 25AEABIE TRISPELE. (F SHPHiE BRIURPR Ry o iR dodl Step,
pul nonary hypefuieitaieqs split tiofi ar@&ﬁﬁkﬁé@bi@dté} eplodaéd agiring.nTlhe dedadstive

I n sone enbodi nents, an effective amount _of citrulline or other .
precursor is araﬁihwagfcgraé@fnms'%bxét?ﬁfy@folmwpnﬁt;arﬂrr@ﬁ?éﬁpmﬁt@eww%ne

hypoxi a- i nducegh Pyl aabe R RRIcHhS B8P theAtdh @ycids 3@l AS Higure 1. |
compl i cations andl ol & atemative to dogradation for ures syninssis, Srgining oan provide
20 the substrate necessary for NO synthesis via nifric oxide synthase.
Additionally, exogenous cifrulline can enter the urea cycle and provide for the in
vivo synthesis of arginine, which can subsequently provide for NO synthesis.
Accordingly, administering citrulline to subjects, including but not limited to
subjects susceptible to or diagnosed with BPD or with chronic hypoxia-induced
25 pulmenary 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 in vivo, can be provided as an NO precursor.



30 with chroni c hypoxi a-i nduced pul nonary hypertension. In sone
enbodi nents, the NO precursor is selected fromthe group including,
but not |iwDrRewwYBcitrulline, a precursor that gener ZACTFLS2G0PH0EMLS ne
in vivo, arginine, a precursor that generates arginine in vivo, or

conbi nations t ere the citrulline or other NO
precursor is a %E@%A&r@g‘%%m enbodi nents, the citrulline
or other NO preCUfSﬂie'ﬁre@@rﬁﬂW'cﬁé@cﬁ%ﬂi lsﬁﬂaie’@@ﬂ@ﬁéﬂprobiﬁleéoﬁﬁathods and
enbodi nents, the subject to be treated is a_subject suffering froman

acute conditi o@pras% ngfedingieaRingY@ AVRiNAyIB §X? aUbiath deopal fpents,
hypertensi on. E&t%e%éhhtva ﬁ?iff&‘imﬁ’é or o%erﬁ%@ng)réaﬂgbﬁ isOftmiffsfered tg a

di scl osed hereln ove. n sone e the nitric oxi
precur sor donpsubjest taincreasetNQ@sentbesisi i sprhe smboalnpﬁrée,dhe OO pregtirsor is

generates citrylli.n LV bI

t hereof, and cécjﬁlr% tﬁ@{r'oﬁhtéegﬁ%tgpalgg mg‘[_pg]a ﬁﬁ%drtgﬁ'hteg t@%@f}@er% &%%rtﬂs]at

E) he nit r: C OXi %tmepateelmftsmrneus vive| rginértk, Brpoeourser tgatgeperates ajgmn@:n o,
ut not limted to i ne,. arginin or,. co at i t her

Sore. abod eSO hiBatins inenest; db et eratmetisn e Bing o e NG
adm ni stered of@khior isrhoﬁﬁﬁ@teeé@@ﬁhnvem §oméféﬂ1bvdirheﬁtsomb¢ﬂnmswc&ﬁén
such as citrulline, is admnistered intravenously. In sone

embodi ment¥)  tNO maeireet isagnyiaistered BANSRRMSI.r ul 1 i nemia. In 15 sone
nbodi ts the h
enboar ment s 't he y%bgé#ehﬂ%?ﬁc"f’os'eﬁ Sli3Eackhafé? Sto rggﬂgt@gfm%thggs and

citrulline levels of lTter, Tn sone e Nt s, :
grnol/liter, icvremmtrcmﬁoldreﬂmgﬁmsamor amcmteed @ompllqatlgm asubject. In

enbodi nent s, | i
In sone errbodl rﬁjerﬁ? é’Fnb%th Ja@c‘%ﬁéscgg%rl ng 8 %ﬁ#ﬁ iffe 85?#'{3 Fé‘?'!é'{sec 'E?%F s
di scl osed her eadministéredso QTSOIJ]ECEéLﬂBH'mg fdmyrplEDtanawdrlasemi:lated‘Bmmpheaﬁnns
"relative yp(r)é: r ul '

a" ers to.a state in gn ﬂ Q ect
suffering ot bR o RulSidh e ikt R AR bty Ml BEDC o apine
to a subject nghbsdifentd, fite NOYPReBURBN R dditled ABMLERE Groas ﬁllcmdlrtdﬂbut not
phrase "treating" refers to both intervention desjgned 25 to

amel i orate a dbwiad lesitiing, aupeserso( hay gengratas CltWi”Wﬁdﬁl‘ﬁ‘(P Girgigine, a
di sease pr ocessopirsdf i gBeiabisEiinind G B! bOLANBINRSTR BRIJTONS some

related to the conditron-in the sibject, as’ well as to interventions
that are de5| muadlmeptse\ﬂmmtmhleemmher NQ precursocisuadrintgterad warally. In

subj ect .
variants t ereo a(r%tergll%;l ")g(% tesdtﬂF‘% Htﬁj’” gﬁpo(r%@% @@%Pgé}%.\r&;r %T@%Hnﬁﬁétered
enconpass neanningeericualy. riefsame embedmmnig thbesubjpekto by tr@fatah»s/a)subject
curing a condit as. nean s that. refer t ro | axi
this latter &’5@899 aﬁ?rpe%ﬁl gte Egﬂd'P‘g? eqsspgla{e& &’\}Eng?ﬁ E{] r W%at'
degree, such asapledof suchricharioh® atd\didclould Befeimbbdvesk for suffering
a condition, or otherw se enhancing the ability of the
The presently disclosed subject mattér also provndes methods and
25 compositions for treating chronic hypoxia-induced pulmonary hypertension
andfor 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
assoctated 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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subject to resist the process of the condition. The subj ect
treated in the presently disclosed subject matter in its many

enbodi nentwo0i2809089P% abl y a human subj ect, although it PET{US2(98/032824
understood that the principles of the presently disclosed subject
matt er |nd|catet@at the 5 presentl cl posed su ect matter
Ftect i ve i ¢ bt oer M Siseimeat adnbBEeeL B1o ¢ g oodments,
war m bl ooded vmbt&@ulﬁﬁ@ereu@amm@ém@dnsasammmsféiéd Ir\ﬁ’ﬁv@hoaélﬁ In some
intended to be included in the term"subject"” his context, a

mamel s unde?@bedimants. ithe sublectioyberiinped;i g %tﬁa@c;t@g fieAngfipEhan acute
treatment is g dr R Sssoetidl @th %?orﬂlﬁ%gbbﬂ%qﬁﬂlgeg ;ﬁ‘ﬁﬂ"hbﬁé’&tw atteASHn.

domesti ¢ manma OSpeCI es. r ovi I's the'treat nent
of manmmal s Esucmelagsbnmhvrsexarsplaebf siach cdmttfmnssammjiss:lasemmma@m@ due

| mportance. (ant mal 97 Pat et apis: PP E kR Rt usEOr D R B &g eantns:

soci al i npor t agfceitr(ltine, rmgbmda?ﬁr that geicsaies ditrullineos) wtr@ éﬂphamm;lcelﬁc&lm
I nNstance, carnilvore ot r, t SUC S C 0 SW ne
(pi e hoge. " RRFERIARIE BOESch g e e HPaeoE a SepaotiRer, m REER
giraffes, deeremBQ&ﬁ%nt@‘tl@ﬁltn@&ﬂdééFéﬂuﬁor i986leBRHFRM th @r‘éuE"zﬁb{u@lﬁ

is the treatnment of birds, including the treatment of those kinds o
bi rds t hat10ar eb@neeintjvited to,k@wulilnﬁ, aagigineg or gambingfionsviheregid Koseme

part ' cularly dOfESHREALSdnt Mtic dide preggllélohréqchzgs %mh.ngs id Hilfistered
chi ckens, ducks, geese, 'gul , and the as t are a

of econoni cal oratlrpr lresmneemuodmﬁs tivia undtric pxbielmecurser, sh@w as eém.lﬂ’rmm is
of |ivestock, not, limted to, donesticated sw ne (pigs

iR 1peBalfen
and hogs), runE\l AR gIees! B%’(Iltry, and the like. 25
| | . PHARMACEUTI CAL QeNoqs Eﬂn&ﬁnﬁmtsaftﬁe&ub}&t doffers dfona hgpogipgliinernia. ofin

t he present y disclo ct mat I s.adm nis ere subj.e
- nbed B SOTHeRBRRETHY Do boRttaineis SRR PR Al ine

sufficient to pyQeduges %w&ﬁ%m&apl.ﬁ g&ﬁ@@mcﬁrﬁeﬁs, < Di MGtk Yo
clinically relevant response in 'a subject being treated). Actual 30

dosage | evel s erﬁbrad:memts Erifr edolditers in sorod emboripeits,i oh@ pofolftites, in some
presently discl o g ter can be varied so as to adm nister
an anmount of tEHE %B ¥'s) that is effective to achieve the

desired therapeutign gome embodlments, the subject suffering from a condition as

20 disclosed herein suffers from relative hypociirullinemia. The term “relative
hypocitrullinemia” refers fo a state in which the subject suffering from a
condition has reduced plasma citrulline as compared to a subject not suffering
from a condition.

As used herein, the phrase “treating” refers to both intervention 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 fo 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-



response for a particular subject. The sel ected dosage |evel wll
depend upon the activity of the therapeutic conposition, the route
of adm ni S¥@aeWHLI9conbi nati on with ot her drugs or tre@CHERLGI/ 01284
severity of the condition bei ng treated, and the condition and prior

medi cal hi stor he s ect bei n treated. By way of exanple and
not limtati o &,\%r?ﬁ L{E% BEPET 8 @eccé’ﬁdﬁgnst arted at 5 levels

| oner than reqw redr HeOSLﬁi}‘é'dt&‘é@teﬂh@thé%ﬁ%@dlytd‘wlcﬁ@dlﬂub}bcembﬁet indte tndny
gradual | y |ncrease t he dosage unt t he ge5|r ef f

d
The pot ency ofe"ﬁ bedjmsHts i dgRirabina amnsa l?CEFi‘ P@fqﬂ éﬂbewé%réqusﬂgha’f
anount” can v J|C|ples o ther preS¥hEVaRbIsEE GibRed: OBHfEr mfd.éah@ that the

presently disc ose ect matter presented herein, one of |naré
skill in tHe apresenily dlaclpwd sHkiedomatier st effentva gvith mpectdt@aall w‘tﬁbéa

taking into a %%%I%eﬁmucgﬁémﬁzﬁim IﬂBoééH Ul id, o R Qg%ﬁrgg'sasrand birds,

adm ni stration use e conposition, and
di sease treat eﬂhwﬁmﬂah&bendadi dollbet includedfin dbeetemﬁs@mﬂ' derthisutgrdext, a

hei ght and wei ende seyerity and stage of s tons,. and the

presence of adﬂ "?fﬂ r%tpglﬁod[]gl}jgﬁﬁgy%ﬂg%lmﬁpégﬁg '”W@E@Rﬁ%@eﬁls
addi tional exafg¥irable, isheh 2ROBR Al lindRid eagmantar emd ddaéstiamahtnalian
conbined with the carrier materials to produce a single dosage form

will vary Wepe‘?rﬁﬁcl?@ upon the subject to be treated and the particul ar
mode of admi ni stratfpa, p%@fde@@fﬁ@'tr%atrﬁeﬁt%‘fﬁ%‘inﬁhbl@%ubﬁb@ﬂgﬁgné s well as

administration te humahs can contain from0 g active
agent conpoundbasevnamaals2ef iameriepes due rhﬁ"ag)ﬁﬂéﬁngﬁi@ dshifings Siberian

f
The total " compisrPy ofeboRBeER tporL A alsdaiteim s B RRbcR oy
pers onI pter ad rhumaris) and% saciel |g1¢metaa¢d Q,anln?alwkept &b prajjs anid z6Q<) to’gum?ns 0
i S e uni or e ontain
et ween 1 rlom B0 0 o CRMeETR TR0 A, R (e 9% G Bl She

typically-25 r(ﬁlgs5ﬁog63,anaﬂﬂlmargpﬂjﬂmanﬁqgumas é@lﬂeﬂ@carﬁ@ﬂeéﬁg ,g:réﬁ@s

ng, 800 ng, or_ 1000 The pitric oxid recy
adni ni st er ed |q?e§(9ﬁ?t%r?dﬁﬁﬁi Aad camels), @@MS%&Q?@@@ '%H@eraémsmt%

to about 1,00Q,ng, mbﬁhdﬁ%e%‘éﬁﬁﬁérﬁf%‘?fh%sb%rﬁis%@ﬁﬁdé%@hféﬁeﬁd&%ﬁbfé@o%pt
0.5 ng to about 500 ng, in some enbodinents in 30 a dose ranging

from about 1.(0NEQOS, casamdhasfmﬂ #rfl MerRepaitickipdy deingstigated favd oire. cmultry.
al so be ady m@fcg@%g%(a gﬁ?%%gg?m?eﬁﬁ%%ﬂn%ﬁrl rHA%hAfid QT

100 ng to abou nts'in a dosé ran |ng
from about 25Glsmot emmb(md:al]mﬁ@rﬁam@.to,hunwlseél'dan‘sapmvuedassﬂaeﬁ&@‘nsnt of

D Citrat1ine 28sioBkaraRog byl bt o, Hmdticad ShEdh o hose)
i nt ravenous Clrhfmﬁdntﬂmcﬁﬁsilfpbclm aedihedneri se a 100 mg/ M (10%
solution. Representative intravenous citrulline dosages can
25 L PHARMACEUTICAL COMPOSITIONS
An effective dose of a composition of the presently disclosed subject
matter is administered 1o 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
Q-



5 conprise 200 ng/ kg, 400 ng/ kg, 600 ng/ kg, and 800 ng/kg. In sone
enbodi nents, for exanple but not limted to a 600 01 800 ng/ kg
dosage, tHEOAHIEIVEN be decreased by an anpbunt rangi ng PERARBY03E4kg
and 100 ng/ kg to mtigate observed undesired effects on systemc

bl ood pressure

. I n _some odi nents,. doses can admi ni stered. r
Tor et s dur Tiig 2y g e BETAPGHts s oD, die SOUE o, SdrAfisiRof
some Flm_:)odi rTFP(tcS'njﬁinaf‘@il W&ﬁ@ﬂtérdFlngﬂﬁﬂ@Qﬂhél:ltlémhéQlﬁpéﬂitlyeﬁtf@to@ﬂﬁunbeﬁg
citrulline effective to raise plaspma._citr in e to treat a
condi i on as dTERPBH the Fenaipmad Bialaedicalsiewy b hebbiscHerie Featrd
llevel is deter gy dPexafipRaand SothA&Bn Cdskl bf EaRpbdilicHsanbedstarted at
subject to be treated to that observed 15 in a subject not suffering

fromthe cdndilevelp lowar §wmereghised itoashievetthe desised therapeutio effest and o
effective to rai : i ‘ . i: i .

prnol/liter, o@??gﬁ'y'ﬁ@'%g?gp‘t%c}sgt*?%ﬁ?){."%ﬁ ?élltber ﬁ%gg}%%ghlgp?%agqé ﬁgﬁsﬁﬁ
20 prnol /it erof optmpositibry can vargaand terefoiedan 'affectivaachoapt’ icenatyy
about 37 prnol/lite In .so enhodi ments,. the present i.scl osed
aubect matter proviiRt{PYBNIR RhASE R TR o RiRsBRY BRtlobed peR G er
nitric oxide piressritedhedsit, dndbRomBeRY kil the ateap il the dogdges.to an
such as a@har maceutjcally acceptable carrjier in humans.

enbodi ment™®  tiRdivisiual spkipgt dkdng die Acspitdhe RARKGURT ffavtaﬁ@@,asﬁgﬁwd of

phar maceut i cal 5 iRRRAStbh WS GPRAIFINREOMIdsitlch! 8%d Partidtig dis8&sd theated.
dosages as described above. 25A conposition of the presentl

di scl osed subjRgthangaicatations ©Of gpsaaray canfifen sibiack hewhhang weight, gender,
parenterally i i L O [l iC
phar maceut i cal%éygggcep{ g%p% %z%&%%g % ﬁ%g%%g,ghﬁaﬁégﬂl C agé:i'é;ktsﬂéuﬂ:?ﬂs
desired. The tphysicapeoreifiiarsal " as used herein includes intravenous,

intra-nuscyl ar, intra-arterjal injecti.on, or infusion t. i S,
501 1y oot st pr epariiahafdddona bl g amplit i a8 R8N it may
ol eagi nous suspeRFhISINEd with éhd edriiod rabegiaRae pratiuog atsinglddodageormawill vary
usi ng suitabl e dispersing or wetting, agen

. s and suspendi ents.
The sterile 95PSRENG WP thgr SkBIBE eaff@a?eseaags rpﬁﬁgpﬁ?é&)i@@‘

sol ution or sugh@RBkafion.n For & C adBRRGAGH nidhte®iér BdmAMtRBh. to
for exanple, as a solution in 1, 3-butanediol. Anrong the acceptable

vehi cl es and JBimait ean peirtaivdrorn 8. 2mgltoyied ohpelive agant comprpHidad with an
| t . , d . . . . . i, . H H
sol ution | Qe dép??:%@ﬂt& and U TemBhOS ﬁgniéﬁ) ﬁg@ﬁna{éﬁaﬁ%lcﬁ'rﬂg\y vary from

sterile, are conventi ona as a solvent” or
suspendi ng medihoui 5 kpaboltiod paucerd sétherigtabtempogiticre d-ariexaogfe, firea human

Fr oo, e, S RYBHEbAEr P Yo UL gy B g anc
i nj ectabl es. B@mpgaupy/tccseviera tisndsnsdrudtsy. NEiwls, alosage unie fdrfisobvilltgemesally
buffered with cf())fp]?as"ﬁ) %% eéerl ﬁ"g;[naébedutqr }n% toaargioutt '%%o'rhlé G an active ingredient,
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
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In a representative enbodi nent doses can be adm nistered to a subject
several tinmes during a relevant treatnent period, including but not
limted towWQ20@2/09898 4, 5 6 or nore dosages. It w il b@CIAHI80E82
however, that the specific dose |level for any 15 particul ar subject

I L

adm ni strationy74aje of excretion, drug conbination and the severl ty

of the particular disease undergoi ng thera 20EXANMPLES
fol | owi ng Exanpl es ‘%%W@S%Téﬂ [Aygeaus d"tFLﬁ NEs BPEIRNS SAR LAERIISEt PvEDO

nodes of the pﬁ@%ﬁﬂﬁ()%}j béft‘ﬂh@ﬁ e@éﬂ'@b@ﬂhtl@‘iﬂtﬁvenblﬁ‘s |cItﬂJﬂFne°Bo§d@ﬁs can
present disclosure and eneral | evel 1] he art ose

of skill widl egpprss apa f[nB , 1498 mVKQavﬁQ‘i)grfEQ;(@“rpﬂﬂ'é"s 88P empfrgendie soms
be exenplary ogl,

alterations can oalméf&%@ﬂ%‘ﬂ%%ﬁﬁ%@&?‘%% rom {ﬁe é‘lﬁ ?8&2}8 the
scope of the pdcm:mit;edhcseamldlymmtmmm@ﬁommk&ﬁnm 100 igekg to
fol | owi ng Exa lL.es, eval uat atlon Wi t 30
Gt e s GRS pBRsITRS JRBREEE PREGE S BB BN Pletie, 13 sPhe
hypoxi a woul d @hﬁd@ﬁmenweio@ey@bﬁmummfstmb BpBadTmENEREh &L Haliy a aikn
t he concom tant reduction in NO production. METHODS EMPLOYED | N

EXAVPLES 1101 Apgrigsh of timpgs such asaqut otal of 17 hypoxic and 17 control
piglets were st Ud' 9f- soPh€ nisBHiRerts nghta'irﬂécélﬂicﬂﬁb§m\6’6§|ﬁo§tcBﬁ'lp‘?ﬂeQrén

the day of arrival fromthe farm at poxi ¢

pigs (2 days oamwun@f@ltwllﬁ@e&ﬁacnveath@ﬁmuwme cﬁrydﬁ@ﬁll%vaitﬁam@tra ¢anditio
oo, MABUBEE AR ABRCE RN AR AP iy
was nai nt ai nemmompﬁinmlasmg cﬂarluﬂmeﬂ&ueda*mmsﬂha:btﬂﬂoé 1ree_&ed Iﬂth_am’nswesl
T e e B S R Tk et
the cage. L Cl iRkl s SHEtiN=MONBAE flema citrulline level in a subject to at least 5
pmolfiiter, optionally at least 10 umol/liter, optionally at least 20 pmol/liter,
optionally at least 25 umol/liter, and optionally about 37 pmolfliter.
In some embodiments, the presently disclosed subject matter provides

20 pharmaceutical compositions comprising a nitric oxide precursor and a
pharmaceutically acceptable carrier, such as a pharmaceutically acceptable
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 accepiable carriers, adjuvanis, 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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Si x of the seventeen hypoxic piglets were supplenented with oral
Lcitrulline starting on the first day of the hypoxic exposure. See
Fi gure 2. WOiz00901%%he suppl enentati on was provi ded at @CHIS3009/032824
0. 13-gm ki | ogram body 15 wei ght twice a day using a syri nge to
deliver the dose

rally. it appeared {o.,stud nel that t.he.
o1 gl 6t had not MERGLE BIERRFRIGRGEEIT Dor sl biEciatl RElUtoTEpestsggneion
L-citrulline V\@Sndﬂtéﬁﬁé attepthbie RGOSR BF iselvehbl i Be)AnalaBasUs | soditon in
St. Louis, Mssouri, United States of Anerica, 98% purity) at a

concentration bf-mitanedielams per milliliter of distilled water and

when conpl etely dis g@m@&%mésaﬁa SblBhts b PeRpRled are

Mcron filter. IN VI n vivo heno ynamcs
measur ed i rb 6 wterhidingeris solutiphghrd isofenic abdiunt cmlhedqnypbmp@ i @ddition,

Chen preancet rREHEL AR0f E REE Ao Ren e R Srbyed 3 cs§'ﬁ§ﬁ#a§*.h§€8%‘3’&r@

mg/ kg) i ntranusediuay.| )ForAhibr;aﬁbe@é;hnmblancEﬁm oﬁmdmah)é empbdyed including

t het , dt t I
ol ng. e ave XA O o Icycer GPs St i FaridSudh sl act i
App! Physi ol (@é&qﬂkh@&ebzairon@%ctéblb@vvaﬁémmam@rruer@rm@dg geuttREhline

ventricul ar end di astol i C@Eressure cardi ac outfﬁ)_@d“were measur ed.

Car di ac ou‘toputSQAlé@ﬂﬁé&ﬂGf Wisly Phogﬁ‘aﬁq}ré?%’@ﬁ Tgisi fi que (nodel

9520 thernodil ution

Irvine, California, ! ni e%geg(Pat es o? Angﬁﬂoaseggé\ﬁﬁgadhﬁﬁgé%hgégPuPJECt
the aortic arcéevenl times dusing aretevantireatownhperod, including bitawt limitep o 1,
_Ca_rdi ac out putz_’\g? g?é%ﬁf'%g?%é%%%' expi _rati on as the nean of three

i njections of saline (0C). Exhal ed NO was
nmeasured as descri bedilbekowmdaistobdghbhevern thatthe napesiiic edoset kyvelfurnalys
were venti] ated th r ma| usi a piston-type vent Iat

trdal 'vol e drerdale Bint il asRerdilit Bt BSiare n oMo e e dhptva
respiratory r ah@igﬁlf géRerdPhddlBatéls di@/tinié BrddPninfEratidh, FbLBIoT RlrkirtStakbn,

MEASURENMENT For exhal ed NO neasurenent in anesthetized ani nal s
expiratory gadaifef %’éﬁ'i%ﬁ%bl dfl\'/ﬂ)c@'ﬁblnﬁﬁ@éaﬂ‘ijﬁ"é%s‘?‘(ﬁ”tleofﬁhﬁ’lﬁaé'“%ﬁﬁ'|Qj%l%ase

each and passgﬂ,&eh:%oﬁ% l93l;|em | um nescence anal yzer (nodel 270B NOA,
Si evers, Boul rado United States of Anerica) to neasure NO

concentration as previously described. 10 Fike, C. D., et al.

Aneri can %ur nal of Physi ol ogy (Lung, #ng%and I\/bI ecul ar
hal e [

Physi ol ogy"18) (1998) 274:1517-L526. production (nnol/mn)
was cal cul at ed u3| ﬂ‘@erfnﬂmftuagExammathava besd mdleiemﬂaﬂhm’edteeaplmmtame

concentration. A LUNG PEREU .The ngs at ed a

per fused | n_oiEOGH oh T RFEYRNG WSRPSHi SUPBGHRILe kA 16| T Parpresant
cont ai ni ng 5%dieAb1a8 anthe gtéheraﬂév@ﬂﬁ skiltin HCaNtEoys bt sHilRivilcapprédia®
nor moxi ¢ gas m Xt ure (21% 02 and 5% CQ2) as previously descri bed.

Fike, C. D. etthaith ef‘Z"OAi!ﬂQ Emereéﬁre(lzt@@d?dgebq@sema@wy@nwnmtn%@mus
were perfused dahqd0 H8iftalionNnd alferslicHy @nbié JHRNBYAH Rithdth H8barting from

pressure was
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.

-12-



20 achi eved. Perfusate sanples (1 m) were then renoved fromthe |eft
atrial cannula every 10 min for a 60-m nute period. The perfusate
sanpl es wewe 2600999%% uged, and t he supernatant was st or @§TAiS20080828240r
future analysis of nitrite/nitrate (NOx-) concentrations as descri bed

'n the oi rouit and reservolF DS SRR BREEs $es Ting"
ti ssue was col |l ect egnivmediagely following the perfusion, frozen with

liquid nitrogen and then stored at -80 degrees for |ater neasurenent
of eNOS content as Aé&¥akafdddvperiswnddeon RisVERe sidied. See Figure 2.

chem | um nes Ce@ﬁﬁtr&mélb e SRIRESh ﬂ{eed’ér%gt?ﬁ n?f\géi‘%rrpﬁag%ltn‘? aF@Z days of

determ ne perfusate concentrati on at’ each coll ection
ti me. Fike,5C. agg. d&iheahypoxic mgpI(ZRﬂ%| dd) (200 Pjacss: in 7 nolrgol3aricThypaxc

T IC RN N N T e

chem | um nescesicand\tltr@geh o eeatainsisited-ddgen 0118703 /N(F!O S)-Fdicsn) anilﬁ&Oz
reacti on chanber contajn [ 1] ri in 1 HCl. at ed
6 00C 1o T eduies MATANES o o doeahssrien gl Sy gHle Saigrans were
carried into trh@nﬁé?éﬂ%ﬁﬂa%%%h@ dreipiySial é‘xbﬁl\’mﬁlfedéﬁ IJBiseMidte fodiaslib
bubbl e tra&hcont ainin to rendbve HCl vapor. A standard curve

was 5 gene tertbe‘ﬁMikﬁgplﬁ%vﬂprﬁﬁﬁﬁ?ﬁ@g gevisgandbecaset stil | ed wat er
and assaying as degciiBegfIRE é@pf?ﬁﬂ@wmomarrpl es. The

perfusate NOx- concentration was cal cul ated for each
col lection tine by Silofitpe ysewn@tem hppexic piglels yvare ewpplmeasitec withioral -

cirout s resertgfits Srindh o POl TR BnddehRD SEERIR R I
of NOx- r ermvendtruﬂmehsaﬂmlerpeatat:onsvasapxpmsd afhredosd ef Oﬂ SPgmlkﬂogram body
product i on, was cle}.| rm ned t he sli

|
Do S Siahaas day oo Swineant v thh &R8% B itadrepradf

60 mnutes of dthay s@sbARdIitRR tHE pighst. héﬁhﬁﬁ%e‘é&éd&@eﬁﬁ@&%&éﬁ%&%s
150n the day of hempbdynam ¢ neasurenents and/ or Iung perfu5| on st.udy,

for control arfgPeeier L-@yling WonB1XqdiayRg 2 Rrepas e Phagpaceuticals,
hypoxi ¢ ani mal g, Ls%gqg.s\ss@@n@ S%tb@bfh%eﬁ:&réd%?uﬁ@?aﬁébkﬂ%eﬁﬂgtrérh&

pl asma frozen at e rees |'at er det er mi nat amno acid
| evel s. For tH&13gwms m&rlrﬂlmbtef ofshstdiad Wtﬂi)@nd wiengampletely dissolved passing

obt ai ni ng Ztohe tms%% ﬁ%ﬂrmjoﬁ H‘@%.%)P/ﬁ eI y 12 hours after 20 the

| ast dose Of L ine o was™ a rou IeveI In sonme of the
L-citrulline treatdlN \HHOHEMQDMMMI(Ester bl ood sanpli ng for a trough
| evel , a dose of L|truI|n§& leven via nas

e f:tbe e
Fol |l ow ng this dos VP H6E WRET 2egrih g SO H@Ee& 'P%f" ‘éfo
m nutes (the |pasypoad p grmsls;be/mg@resz.usbretaése Mebseremnes theasimafiiere

the plasma collected and frozen at -80 degrees for am no 25acid
anal ysi s. 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, [rvine, 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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Concentrations of plasma citrulline and arginine were determ ned by
am no-acid analysis on protein-free extracts. Amno acids were

separ at ed W 266008988 exchange chr omat ogr aphy usi ng a Hi tPEFHIS2008880924
am no acid anal yzer (H tachi USA, San Jose, California, Uni ted St at es

of Anerica). |'i bration of t na was per fornmed, befo
testing of ) pi CSé"E' @‘W@gsalmg\gééﬁ@@% VRS CRRMTEEIRE dfserige below.

Using a st andaqu,h Hbfv@tmésﬁ%%@?héﬁ@ Bk NEr8 Yehtiatd8 Sthirb&H airMfking a
anal yzed sanpl es whol e | ung homogenates from controls (n=3),

untreated -15- plstwdwe uel(’tﬂaigl)at@ﬁ@amiume gf15—B@c@/k@,&r@cexw9m|@”e§$wspf

of pri mary encb AR DA soebp i RARATFe 20 ikl pRUARET, 1 oo

secondary dnti - nDusEXHALEBdﬁIYRMDQ)U@EtMEASUHmENTad| sh per oxi dase of

1: 5000. Fik J
Cel | ul ar iamg Mol ech %[re’ﬁbﬁ'l?& N d”ﬁéa%?m?ﬁ 'Qs%”eﬁg‘it'}{%{a}xma%z@gglregtory Jas
CALCULATI ONS AMBs Sdiple8 TE® three times foP8 fﬂm&bﬁrtwmdhﬁndrp%séd ArRgha

was cal culated fromthe in vivo henpdynam c neasurene (Pul monary
arterial pressehemilumipescepss @palyapaimEsy 21@@.%@%5&6&% nglei%)cdorado

(Cardi ac out pUUﬁft&ﬂStaYé%‘ cﬂmﬁenca) to meastdid ﬁOﬁfo‘ﬁchtF‘a?iSHh@ﬁre@%u ﬁ@§crﬁ3ed

SE. The one-way ANOVA with Fisher's protected | east si

di fferencelQ P Eﬁ@) Go&x, Bbal cdmeifaagodourast ohd¥ysiobgyt u@@nmlgladaarw
between contro !é&}farr ﬁﬁ;f‘sﬁoiﬁyfo@%cﬁé&% b?ELg'i?"LgégeE&B Can?héfr%gﬁ&?on

animal s. A p-value Tess was ‘consi der e S|gn

15 U., Pharm Woll@ﬂ@mas Balﬁﬁateﬂa&mﬁmﬁermlatmn\ﬂn\ﬂ@ﬁlﬁl@@hﬁéﬁl\éﬁaled
MEASURENMENTS -citrulline treated and untreated chronic hypoxic
animals had |0 co@ﬁe'd‘ #¥ac output and wei ghts and hi gher LVEDP

measur enents on t hasdaaTeED §[UN¢yP@RFﬂ18i(jﬁsdays of age than conparable
age controj_ piglet T ble 1) surenents _of aortjc pressure and

bl ood gas {5nd| ces \?\B‘fee W9 ‘P’%‘ie FB%@%‘E wRe periusedoly sift, with g r'fuf?bs Ringer
piglets, 74+8 ﬂ_@érbohé‘tel{ﬂRB?%lQﬁbrmﬂ?@a‘ihiﬁgB%Jéé&r%nar%l #8+706,000f bt 37°C and

L-citrulline treated hypoxi c piglets; paCQ 39+2 in control
pi gl ets, 41+4 \emtilated with a normoxic gas mixture (21% 02 and 5% CO;) as previously

described. Fike, C. D. et al., J Appl Physiol (2000) 88:1797-1803. The lungs
were perfused for 30-60 min until a stable pulmonary arterial pressure was

20 achieved. Perfusate samples (1 ml) were then removed from the left atrial
cannula every 10 min for a 80-minute period. The perfusate samples were
centrifuged, and the supernatant was stored at -80°C for future analysis of
nitrite/nitrate (NOX") concentrations as described below. At the end of the
perfusion, the volume of perfusate remaining in the circuit and reservoir was

25 measured. Insome cases, lung tissue was collected immediately following the
perfusion, frozen with liguid 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. et al., J Appl Physiol (2000) 88:1797-1803; Turley, J. E. etal., Am J
Physiol Lung Cell Mol Physiol (2003) 284:L489-L.500 Perfusate (20 pl) was
injected into the reaction chamber of a chemiluminescence NO analyzer (model

-14-



25 untreated hypoxic piglets and 30+1.0 in L-citrulline treated
hypoxi ¢ pi gl ets) anpbng groups. Notably, as shown in Figure 3,
L-citrul | iWe 20000829881 hypoxi ¢ ani mal s had si gni fi cant| y PCHNER009/032824
pul nonary artery pressures than untreated hypoxic ani mal s (p-val ue of

cont 101 < and L1 19 NG Sers)c o€ e RFambrcnRlotnlydfepu 1Jgh pfde in

addi tion, as shawpGlhehtciioDMtC 6akbaudcahiatie @nﬂmﬂ_ﬂéy(o N@Faé .&he NO gas
resi stance in those hypoxic animals treated with L-citrulline

(0.0710. 003) w¥ARcairghiiniodhaanglyreimsing hapnstadloveef Nagaseda agagfybkie
ani mal s (p-val yg, oy .HR&)‘E WGWQvaepr”%ﬁBV X atahtaRd eyrve wa

resi stances were sim citrulline treated hypoxic aninals an
nor noxi ¢ cdnt rgﬁrsereledMIawlr@fkr@m%)momNﬁNEN@siﬁEwBM@VN@ AUTFRSRYINED

PERFUSATE NOX- exhal ed NO out put in
control s and Lascg??ctﬁllbfal ne %8\@‘%{“"% ESQH{ B ani mal's were hi gher than
exhal ed NO out put |Theupénfm‘eduwpmncenmﬁom(mncﬂpnlyalasemlcﬂlat@d B lezohd

0. 032 t
botonen enmtr ofollskion RERY GiuARes hepeBye s sair teipRarGk Gt flassamale
As shown in Fi étﬂlbé‘tl@n tnhé'ﬂa?%héﬁ&ﬁﬁn@@f{hetﬂgte@r@(ﬁeﬁ%|o(1l%rr9u@2}es@’r\d)|r) at the

L-citrulline treated hypoxic (p=0.04) animals had significantly
hi gher NOX0 aceamplp=adlleptionntines Rwaihe amgent pbM QI teeRved wilhpalk peevious

ani mal s. Furtheqgmee, 'I{hiéerraﬂ? Wﬁd&e JJc‘ﬁPI i é{eﬁﬂ:ﬁeagk% e H¥e of a

accunul ati on between lungs fromL rul treate poxli ¢
ani mal s and nolrrmxr&gre@mm m@fttm@mqﬁmmmUsetmrmstgn@\f@r

in Tabl e 2pI a tbg%)& ugeesa&qh%ggﬁéc%h%t&'hﬁgl significance 20

(p=0. 05), oS he f'eated chronic hypoxic
piglets were | ess tHaASMAAMMNAACID MEASUREMENTS in treated hypoxic

piglets. eover ety mnutes after dose

i 1B Tt S Ry R st s apdel Bog perE S e
untreat ed chr o Eortytd @xi Godl-ERufing Rre@tdddnd urhimwehroh@qapdkue&amﬁms
the tine the sanple was drawn, plasma arginine | evels were

no
25hi gher | - L. p6q Wep e poslosiaang G s amhe PasmAdIZenRbB0 degrees
conpared to ungr ealRfLidHRMth ABHTR Scid levels. For the L-citrulline treated hypoxic

animals, the time of obtaining the blood sample was approximately 12 hours after
20  the last dose of L-citrulline so was a frough level. In some of the L-citrulline

treated animals (n=3), after blood sampling for a trough level, a dose of L-

citrulline was given via nasogastric tube. Following this dose, blood samples

were drawn every 30 minutes for 90 minutes__(the length of the in vivo studies). All

samples were spun, the plasma coliected 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

-15-



EXAMPLE 4 WESTERN BLOT FOR LUNG ENOS PROTEI N 30As shown in Figures 7A
and 7B, the anount of eNOS protein present in the lung tissue of
control arWveaP®/ 0988 si gni ficantly hi gher than that prePERUSREINIE24

| ungs of untreated hypoxic animals. Furthernore, the anmount of eNOS

tei th f o L-citrulli i
b1 0l ot o s noMRSKR (FEaisM05IDBSE sBmeT kbe rassabia g B i Feee
di fferent fromghadrogranids totalgreirgd dhuﬁm@fcpnmmaussmbmﬂ 500 (BD

significantly | ower than eNOS protein |evels in control
TABLE 1 5DATA taedacomand axdialignoal secondpi)@t-mREP. a@im@{;ﬁﬂqr\i\‘l@a’fﬁd to

TREATED CHRON ﬁ%\%bﬁéaﬁh@?b&ﬁ’é@eﬂ%mnwgrcob agd A AmeNGdrH 98uRBE of

meansSEM * p<O0. controls, h 'post-'hoc conpari son test.
Treatment & ouﬁhysmlogy (Lung, Ceiluiar and Mo!ecular Physiology 18) (1998) 274: £517-

L526.

CALCULATIONS AND STATISTICS

Pulmonary vascular resistance was calculated from the in vivo
hemodynamic measurements: (Pulmonary arterial pressure —left ventricular end

10 diastolic pressure) + (Cardiac ouiput/body weight).

Data are presented as means + SE. The one-way ANOVA with Fisher's
protected least significant difference (PLSD) post hoc comparison test was used
to compare data between control, untreated hypoxic and L-citrulline treated
hypoxic animals. A p-value less than 0.05 was considered significant. Meier,

15 U., Pharm Stat (2006) 5:253-263.

EXAMPLE 1
IN VIVO HEMODYNAMIC MEASUREMENTS

Both L-citrulline treated and untreated chronic hypoxic animals had lower
20  cardiac output and weights and higher LVEDP measurements on the day of
study at 12-13 days of age than comparable age control piglets (Table 1).
Measurements of aortic pressure and blood gas indices were similar (paO, was
74+5 Torrin 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 freated 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-cifrulline 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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Weight at 12 days of age (kg) Aortic Pressure (cm H20) LVEDP (cnH20)
Cardiac Qutput (mM/mn/kg) Arterial r Controls N=6 3.940.3 910.8
5.20. 6 414WORN0P/@EY805 Chroni c Hypoxic N=11 2. 760. 15" 1BIAUSZO00 324

24416*

10

16

20

25

30

- Furthermore, pulmonary vascular resistances were similar in L-cifrulline treated

hypoxic animals and normoxic controls (p-value of 0.07).

EXAMPLE 2
EXHALED NO OQUTPUT AND PERFUSATE NOX™

As shown in Figure 5, exhaled NO output in controls and L-citrufline
treated hypoxic animals were higher than exhaled NO ouiput in untreated
hypoxic animals (p-values of 0.001 and 0.032 respectively). However, exhaled
NO output did not differ between control and L-citrulline treated hypoxic animals
(p=0.124).

As shown in Figure 6, lungs from both the control (p=0.02) and L-citrulline
treated hypoxic (p=0.04) animals had significantly higher NOx™ accumulation
rates than lungs from untreated hypoxic animals. Furthermore, there was no
difference in the rate of NOx™ accumulation between lungs from L-citrulline

treated hypoxic animals and normoxic controls.

EXAMPLE 3
PLASMA AMINO ACIDS
As shown in Table 2, although not reaching statistical significance
(p=0.05), plasma L-citrulline levels in untreated chronic hypoxic piglets were less
than trough L-citrulline levels in 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
higher in L-citrulline treated chronic hypoxic animals when compared to untreated

hypoxic animals.

EXAMPLE 4
WESTERN BLOT FOR LUNG ENOS PROTEIN
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
-17-



7.380.01 Citrulline Hypoxic N=6 2.6+0.09* 976 7.20.4* 27041* 7.360.02
TABLE 2 PLASMA AM NO ACI D LEVELS FOR CONTROL, CHRONI CALLY HYPDXI C AND
L- Cl TRULLIWR ¢R8P CHRONI CALLY HYPDXI C Pl GLETS Tr eatBa/{S2@82883§24
Citrulline Arginine

significantly different from that in the untreated hypoxic animals and was
significantly lower than eNOS protein levels in control animals.

TABLE 1
5 DATA FOR CONTROL, CHRONICALLY HYPOXIC AND L-CITRULLINE
TREATED CHRONICALLY HYPOXIC PIGLETS

N=number of animals, Values are meanstSEM, *p<0.05 vs. controls, ANOVA

with post-hoc comparison test.

Weight at 12 | Aortic LVEDP Cardiac Output | Arterial f
Treatment days of age | Pressure (emH30) (ml/min/kg)
Group (kg) (cm H;0)
Controls 3.9420.3 91+0.8 5.2106 414443 7.3840.05
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* 9746 7.2+0.4* 270+41* 7.36+0.02
N=6
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Controls N=10 716 11216 Chroni cHypoxic N=8 11123 5110*
L-citrullinetreated Hypoxic: trough N=6 1615* 3910* L-citrulline
treated HNYORDVO0IBM mi n. N=3 21936*t 435* 20N=nunber @CTAB2IEI02824
Val ues are neansSEM *p<0.05 vs. controls, t

10

15

20

TABLE 2
PLASMA AMINO ACID LEVELS FOR CONTROL, CHRONICALLY
HYPOXIC AND L-CITRULLINE TREATED CHRONICALLY HYPOXIC

PIGLETS
Treatment Group | Citrulline Arginine
Controls N=10 7116 112416
Chronic  Hypoxic 111+23 51x10*
N=8
L-citrulline treated 161+5* 39+10*
Hypoxic: frough
N=6
L-citrulline treated | 219+36*t 43+5*
Hypoxic: 90 min.
N=3

N=number of animals, Values are meansSEM, *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 adminisiration of L-citrulline dose.
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p<0. 05 vs. untreated chroni c hypoxics, ANOVA with post-hoc conparison
test, Citrulline Trough- plasnma | evel approximately twelve hours
after L-ciWPdPPOA®%ose, Citrulline 90 m n- plasma | ev@CTAS20P/AEHS
after adm nistration of L-citrulline dose. DI SCUSSI ON OF EXAMPLES

In Exanples 1-4, it was found that L-citrulline supplenmentation

anel i orates the.devel opnent of pul nonary hypertension in newborn
piglets 5 exposed to 10 days oDISCUGSIONTYPEXAMPIESRer findings in

this study are that, bath exhal ed NO producti gn apd.puyl nonary, vascul ar
NOx- accunul ation rlB; EXaP Sgr1é'4_gt g _“%ﬁ auad; ?'Eﬂtl pﬁ&%ﬁ"@f@ﬂ&?{%@ n
pi glets than iasmdidraRating daBRphientod bainfonal hgperttdifsich i MsWNGA Saqew
that L-citrulline supplenentation si gnl ficantly increased pul nonar

NO pr oduct i%n. expesedriedAtdays of Qb BYraxe. wadhaidindings e taia skl Elfettﬁ%t
treated hypoxi otﬁ'ékﬁ%lea NO ?roductiapr'éﬂ L\Il'hohéwgfé%cmﬁlsl‘\!b yac\t,,\cﬁli i atfpats

by any particular theory of operation, the chani sm

L-citrul | i ne nasi greaterdn Li-pitruline-dreated\Oypoxicl pigléts thars ih ahiresied hypolis
by increasing t.he.a t - i i i f e
ks, Pt asmm 1 HOBHE B Eba Eh R R ol AhB Al Bretabh Shfinkty
in the 15 pr esiaoicabxémalnesnare NO podduitigni The antdunt bheNeSs pateihevas not
conpared wth untreated, hypoxi ¢ anipals. This di scordance between
intracel | moar 'BF"&aﬁ?‘iEuE' @ﬁéP%‘gPW&?'BW?Et ermed an "arginine

paradox”, appears tghiReit B rfst @Bbirddo\HeSbuURd Byliyi RelicAdehédty MEbperation,
production in the face of unchanged plasma_arginine |evels seen wth

L-citrul Iine sippnearaniss Pywhich Lraiiuiipe siasdiatex aficseaseio NQ piduchen iss
a 20 urea CyC't?el?eOé@deﬁéjbf‘FchréH%Jir?qt}ﬂla!amﬂJr&Bf E‘-ra%ﬂh@%vg‘sfalﬂe ge%ﬁbgﬁ&e
pat hway of two enzymes, arglninosucci nate synthase (AS) an

ar gi ni nosucci rfat eNOEasBlagma) levath of erginioe ém henkesitrulivedranted animaleinoiden

found co-I| gcat It in_pul t. I S :
e G n RPN Weft el S YsaRl b SMer poPBRER ultn
t hat toget her drtestedinmorieanimalduTies disseplanad betd&en iteeblwhrargipmelandf
ar gi ni ne used clusively for NO,synthesis. Tissue a | asnmg, . .

o oini e | evel SORAORYlRGd B SRR PR A s SERRASE N b BRSRRdp view of
L-citrul l'i ne ofgligtrédsean NO prddiificy Rdh&Rderdd dHe drgedprsnedNagifinerizeen
by additional nechanisns. Again, while it is not desired to he bound

by any parti cuiesn Wikdefijruine sgeplgmestatioamsthedressst Examalesa degitpylingis a
L-citrulli i i ; i
incoupt i n ot SRS HIBBSAH (R@BNED b argiific Y A BRI plniafof o

ar gi ni ne. enzymgsi arginineguscinate syntiased@si) aad arginliesucrinaie tyaseripL).
particul ar t he’ﬂ{éée%oo Prf%;.?ﬂs dnF AL Hhdd BEd L & BeBaVAALIGS! Rd

t he bi oavail abi 7Ty of
pulmonary endothelial cells. Boger, R. H., Curr Opin Ciin Nutr and Mef Care

{(2008) 11:55-61. ltis thought 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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-20- conpensating for increased NO degradati on. During exposure to
chroni c hypoxi a, superoxi de production m ght increase fromenzynmatic
sour ces ot‘ﬁ@ﬂo‘Pﬁ&?ﬁ9£NC)S, such as NADPH oxi dase. Liu, e®PC&US200p32824
Physi ol Lung Cell Ml Physiol (2006) 290:L2-L10. This excess

e 2 LU A L T P Mt Jdni

provi di ng L- ci hypaixia, sapedokileqaodunsiog mihki ipcredsee fioomenzynwdicsons@sothier

t he superoxi de, nedi d reduct}) . n s , e_.pres

vl bs. how PRBENOS! S WABBHpidnes, ¢l ALy + B The el
pul monary hypephrdisi (006 2IBLRLND. Pitdd ekSessAuperoxdde praidctes night have
evi dence that the effectiveness of citrul|ine s due to increased NO

product i on.5 Th‘ﬂ}fée,c’fll-i'&tﬁfﬁqﬁq wih NQ tg rﬁg‘_éff%lts 19¢8} HWUPHO'he%Hﬁ%é’a%ﬁv itis
risk of devel 8;5’6&%! U{Iﬁ?” oXidNP A E&QfinEN afiGed OekdlighNiNO Obroduction to
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It will be understood that various details of the presently disclosed
30 subject matter may be changed without departing from the scope of the
presently disclosed subject matter. Furthermore, the foregoing description is

for the purpose of illustration only, and not for the purpose of limitation.
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30 subject matter nmay be changed w thout departing fromthe scope of
the presently disclosed subject matter. Furthernore, the foregoing
description is for the purpose of illustration only, and not for the
purpose of limtation. CLAIMS 1. Use of citrulline in the

manuf acture of a medi canent suitable for intravenously adm nistering
into a subject for treating bronchopul nonary dysplasia. 2. The use of
claim1, wherein the subject is an infant or a newborn. 3. The use of
claim2, wherein the newborn is a pCeagym newborn. ? 4. The use of
any one of clains 1, 2-3, wherein the admnistering is in a dose
rangi ng from about 100 ng to about 30,000 ng. 5. The use of claim4,

wher ei n it he addnofi §tr@ihéOn i e | arRfARSE of 3 FhdakambRMMARRE! fof SHra@ndRly
about 1,000 ngy. 6. The use of any one of clains 1, 2-5, wherein the

subj ect 2dWHRLTHNE AR ASPRIF & freHng) epubrenaEctverlrsed by pl asma
citrulline levels oflunollliter. 7. Use of citrulline in the
manuf act ure of a medi cament suitable for intravenously adm nistering
into a Subj ekhe ysgof elpignl.ivhgreiththe aibiechip go xifent ongeryd¥pul nonar y
hypertension. 8. The use of claim7, wherein the subject is an infant

or a newborn.
3. The use of claim 2, wherein the newborn is a preterm newborn.

4, The use of any one of claims 1, 2-3, wherein the administering is in a dose ranging from

about 100 mg to about 30,000 mg.

5. The use of claim 4, wherein the administering is in a dose ranging from about 250 mg to

about 1,000 mg.

6. The use of any one of claims 1, 2—-5, wherein the subject suffers from hypocitrullinemia

characterized by plasma citrulline levels of <37 pmol/liter.

7. Use of citrulline in the manufacture of a medicament suitable for intravenously

administering into a subject for treating chronic hypoxia-induced pulmonary hypertension.
8. The use of claim 7, wherein the subject is an infant or a newborn.
g, The use of claim 8, wherein the newborn is a preterm newbomn.

10.  The use of any one of claims 7, 8-9, wherein the administering is in a dose ranging from

about 100 mg to about 30,000 mg,

11.  The use of claim 10, wherein the administering is in a dose ranging from about 250 mg to

about 1,000 mg.
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9. The use of claim8, wherein the newborn is a preterm newborn. 10.
The use of any one of clains 7, 8-9, wherein the admnistering is in
a dose ranging fromabout 100 ng to about 30,000 ng. 11. The use of
claim 10, wherein the admnistering is in a dose rangi ng from about
250 ng to about 1,000 ny. 12. The use of any one of clains 7, 8-11,
wherein the subject suffers fromhypocitrullinem a characterized by
plasma citrulline levels of 7 prnol/liter. 13. An intravenous

medi canment conprising a pharnaceutically acceptable carrier and an

anmount af, ci e effe S citr ne. | evel .
treat b?lgnch §P¥/° ‘gftpﬁll gz%“ ¥ t@}?’b‘% (38 P #ﬁﬁ%ﬁﬁ?vmummm
hypertefbﬂhr@ﬁexﬁz‘%d@yﬁl&b&h@@i’tw]lfﬂbﬁrabBfQST,B m6M@Er. | S det erm ned by

conparing plasma citrulline levels in a subject to be treated to that
observed in a subject not suffering from bronchopul nonary dyspl asi a

or hypoxha- i RAUREE,RsREBEMRY Q@xﬁl%r?sﬂ'x%' P Bharmhbeutiddll FeGtfb®BLLierOfnd an
claim 13, wherein the anount of line effective to raise plasm

ci t rul | iameuntef sitruiline sffeqityp ixwaise plagma ¢itralline Kvelhe gt broaghopslmanarylyspjasist
least 1Q, ﬁﬁ%)ﬁ-fnﬁﬂed p(ﬁﬂmgéngléﬁjlyoﬂé lohq St subfleP Wef H {h%rleve?ﬁ)st 188l W

| east 25 p Iter out 7 pno
comparing plasma cifrulline levels in a Sub_]ECt to be treated to that observed in a subject not

suffering from bronchopulmonary dysplasia or hypoxia-induced pulmonary hypertension.

14.  The medicament of claim 13, wherein the amount of citruiline 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 umol/liter, optionally at least 25 pmol/liter, and optionally about 37 pmol/liter.
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