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Aneurysmal Subarachnoid Hemorrhage (SAH) is one of the |eading

causes of morbidity and mortality associated with stroke worldwide. SAH is a

neurological emergency characterized by extravasations of blood into spaces

20  covering the central nervous-system that are filled with cerebrospinal fluid.

Several complications such as hydrocephalus, rebleeding, cerebral vasospasm,
seizures, myocardial injury, and pulmonary edema can result from SAH.

SAH is a major concern throughout the world, with varying incidences of

between about 1 and 96 incidents per 100,000 person/year (Batista da Costa

25  Jr. etal (2004) Arg Neuro-Psiquiatr (Sao Paulo) 62:245-248), with a worldwide

incidence of about 10 per 100,000 person/year (Batista da Costa Jr. ef al.

(2004} Arg Neuro-Psiquiatr (Sao Paulo) 62:245-249). According to Suarez et

al., SAH affects 21,000-33,000 people per year in the United States, and

represents about 2-5% of all new strokes (Suarez ef al. (20068) N Engl J Med

30  354:387-396). About 80% of cases of SAH result from rupture of an intracranial

aneurysm, which itself is associated with significant risk of complications,

including death. The peak age of incidence is 55-60 years, and about 20%
occurs between the ages of 15 and 45 years. There is a gender difference in
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30 vasospasm.

The presently disclosed subject matter also provides methods and
compositions for treating vasospasm. In some embodiments, the subjectto be

treated suffers from vasospasm associated with SAH. In some embodiments,
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DETAILED DESCRIPTION

A considerable number of people worldwide are afflicted with
Aneurysmal Subarachnoid Hemorrhage (SAH). The mortality rate for this

25 condition is quite high, and even patients who survive SAH frequently
experience dramatic reductions in their qualities of life. Currenttherapies in use

can often prevent the death of a person who has experienced SAH if begun
within an appropriate timeframe, but even successfully preventing that patient's
death does not address the development of serious secondary complications.

30 Therapies aimed at preventing secondary complications such as vasospasm
and its sequelae, for example, are provided in accordance with aspects of the

presently disclosed subject matter.
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confirmed by 1&686igisefpusash{30%), hyponatrem:a (28%), myocardial injury (35%), and

pulmonary edema (23%}) occur in a significant percentage of patients, even if

~ the damage to the underlying vessel(s) is repaired. These events also

frequently lead to additional secondary complications, including seizures,

25 pulmonary edema, cardiac arrhythmias, electrolyte disturbances, and

neuropsychological complications such as problems with memory, mood, and
neuropsychological function.

While the causes of the various sequelae of SAH are multifactorial,

certain observations have been made. For example, decreased availability of

30 nitric oxide in cerebral vessels has been observed, as has increased synthesis

of endothelin or increase sensitivity of the arteries to this factor. Alterations in

smooth muscle cells that promote a contracted state and activation of signal

transduction mechanisms that can alter calcium sensitivity have also been
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Once SAH i s diagnosed, treatnment generally includes securing of the
aneurysm by neurosurgical clipping or endovascul ar coiling. Treatnent
of associ aweRleyIpYds i ncl udi ng, but not limted to hypErys2meIe1826
hypertherm a, hyperglycema, and ischenmia are perforned as needed.
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the subj ect 1 o s el hEMoRRaGE LIRS 8F PR Plor el BITR FPTREEY BV lar
condi ti on assopiradted csint disy pewiiedadicaidep vESAHL whichehex aambe onfirnsadClhy

condi tions §re di.scl osed herein above. 10In sone enbodi nents, the
subj ect sutd er PPYCY@BHY-a conplication, such as vasospasm suffers

fromrelative hypoc@héélBlﬂJI-ﬂErﬂlégnoEbﬁ treafMent @enbtallg includes securing of the
hypocitrullinem a" refers to a state i.n which the subject sufferin
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sone enbodi menveeks, asubjeot gdndrally. remains hospitalized for extended periods in order to
provide continuous monitoring of the subject’s condition.

Il THERAPEUTIC METHODS
25 The presently disclosed subject matter provides methods for treating
SAH and/or associated complications in a subject. In some embodiments, an
effective amount of a nitric oxide precursor is administered to a subject
suffering from SAH and/or associated complications and/or at risk for suffering
complications associated with SAH. Representative examples of such
30 complications are disclosed herein above,
In some embodiments, the nitric oxide precursor comprises at least one
of citrulline, a precursor that generates citrulline in vivo, a pharmaceutically

acceptable salt thereof, and combinations thereof. See Figure 1. in some
5



20The presently disclosed subject matter al so provi des nethods and
conpositions for treating vasospasm |In some enbodi nents, the subject
to be treawediswPbwes from vasospasm associ at ed w t h SAT/IS0BOEE26
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oxi de precursor'lg(i:]grr%ﬁ :5(2@2 at eas?ﬂsbneolgg'c bl{(@rﬁgﬁsf)lr r?téjgﬁagc%tg%@jesg)s
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sone enbodi ments, the nitric oxjde precursor such. as citrulline, is

adni ni st er ed ov%ﬁqsyasmn Reprrsestaivaicramples of guctheanditionsaredisplosed hersin
such as citrul bhsme,. 1S adm nistered intravenously. In sone

enbodi rrents the subject to be treated is a subject suffering from
vasospasm1d n sone laspawiarebadimenisethesbpiest suffsrinefremiarasmpdigation, such as

subj ect suf o1 AhebEOM AR ok RIALORARSAMAAL, Vil YERPSRaBR.

(e.g. ischem a Anaror 'angi Ra i Coronar I'sease
sone enbodi nenlnmodthﬂlrmb;a’émfemjtd &r siage fim owhich (tlmemiub;mt |suffern$g1cfinm as

ff f |
e e AR, Rdutia Ra ititnd & Riprhisd e Subiegt. pot

suf fering from@etidgd@mhicoaipiomidas reduced plasma citrulline as
conpared to a subject not F’E’ffe“ ng froma conplication. As

used herei®? the pHRESEe erbadimeMs, besubiach sybem Top dvpesitrHijpemia. In

desi gned to anglheealRdin&fBtd hfbdthilihettiRiEMHark@elzed Wﬁ!ﬁéma mtrulllne
initiation of a disease process or after an injury) as wel

i nterventions lewels eire depinylliertio Wm@eﬁmbmmleemﬁ @allumdﬂltérr m’msome
occurring in the, s at ed..anot her the ter n
ond - or amat | cerbatments s ALABEMEN B fibe bpdaSysF 1D amg R Sorme
broadly to encofpadimemeaRi N@soliaf. refer to reducing the severity of
and/or to curing a condition, as well as meanings that refer to

pr ophy! axi29 | n t hithe arasently sligsiased subjectt matier slsa prevides toethods and
‘preventing” 1, ahNe rfgﬁrea% %Q&{d@[ f{t; 718 Cén%oﬁrﬂ@ni%%%‘shb@e‘égt%fb

t he subject to re5|s roc SS O con t|on stch’ as a
at risk to suftfeated laeff@re rfmbm vamospasm associated W|th SAH. Insome embodlments

the subject to be treated has suffered trauma that results in vasospasm (e.g.,

trauma that results in SAH). In some embodiments the vasospasm is

25 associated with atherosclerosis in the subject. In some embodiments the

atherosclerosis is associated with coronary artery disease in the subject, with

carotid arterial disease in the subject, with peripheral arterial disease in the
subject, and combinations thereof.

in some embodiments, the nitric oxide precursor comprises at least one

30  of citrulline, a precursor that generates citrulline in vivo, a pharmaceutically

acceptable salt thereof, and combinations thereof. See Figure 1. In some

embodiments, the nitric oxide precursor is selected from the group including,

but not limited to, citrulline, arginine, or’combinations thereof. In some
-B-



The subject treated in the presently disclosed subject matter inits
many enbodi nents is desirably a human subject, although it is to be
under st oodworzaey/wbpri nci pl es of the presently di scl osEtk/saryacisze

matter indicate that the 25 presently disclosed subject matter is

effective with r ect to,all vertebrate species, includin .
war m bl ooded vEFPRBIAPES ERcHieOXdr e rSiTa SHER @8, oliyilTes, 1§administered
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mammal i s understood to include an¥ manmal i an species in
n

treatnent is dadminigeeed ipligyenpssiyuln srne pmbodiseents, ta@swmaqztttgbartreate@ is
donesti c mama u he _t

of mammal s suc Sg'sﬂjeﬁg?g‘%gﬂg%)m v?srosgag-r?lhglggﬂﬁn%‘n@}m S 'hé]fl{s fhe gu?)getncggd‘é
due to beiny etrdaledeisech Eobjent ssffGimefiam amn geouly) | cooﬂltienoamuuaiéd with

d
anaror soci st FARsPESREE e SRuprnGRR T EopaD sl rans
for instance, carnimasoese ehbedinidnts) thusEject cafistingBord atconilidatitrg Shicha

swine (pigs, hogs, and Wl|d oarg%_ﬂ r mn ntscgsuch as cattle, oxen,

sheep, giraf fe& \fsaspasgipapulter; sullingmia.n S he derm Ajrelgtive
provided is t hﬁ% dc‘ﬁﬂilﬁ]’fé?ﬁlao‘cre@r@td %Sstdté‘% LWFIIBIQ th@esdbfé@téﬁﬁ‘@ﬁng?ffrom a
those kinds of birds that are endangered ept in zoos, as wel

fow , and 'HEbrecwpkqaélgﬂd?ﬂ%/"Q!bﬁﬁdtﬁ'@%fﬂ%wlmdwe ab . eompased|torg subigch nat
turkeys, chickgp gq:ft;ﬁ;,a inea fow, and the like, as they
are al so of econom rtance ‘0 humans. Thus, provided is the
treatment of i vestb@ksed Inereing thegahranet “treating”irefetsdd bbth inoreation datigubd

swine (Pi 95 _ang ogplyclOrUlORih S RRRRSy. BRML N o0t 4R8ald K8oess

conposi tion of ot difeermrﬂaﬂmy)las \deﬂsai: ﬁﬁmbrsel@licﬁtstthaﬁéﬂe&fesiweddmpﬁ’e\ﬁs‘r@ﬂ@
to a subje |nnedthereof "effective a is an 15 apount

of a conpobi t i SANUYATYTM QREUTIRY E‘rtﬁﬁ SRiect wate F"HB‘%"‘@’W@% HemieEME dreptingy

bi ol ogi cal I 'y Oéndlgraﬂhﬁ@hbén «aeﬂaﬂtéambré&sa@enﬁ@nu@dao%bih@brei& Bebadly to
treated). Actual dosage |evels of active ingredients in

conposi tions ofNeamPasSSBRAINGs ek tefestodedusing dhe revaribr oi:@uw/@retomfmg@
so as to admn t gmhlggg S

effective to a‘EL': f/ena ta Le%rpgé bﬁ%trh%ﬁééﬁlletgﬁg res %n?sneﬁjté O%ﬁ%'sr%ped’
particul ar subjtl@@tmgm @éerdot"wvelntgmjéo laeyelbgmel, br dﬂapemele epbandihgthe

combi nat i 6P wi TASCRARE Sl SRR ki ekt S hE Ry B S e Biublecta
C]E)I’ldlhtl onbbel ngsbmpesalﬁedtheacfmhdtﬂga condi ]'EI on anld pri gr rred: cal history
of the subject bei treated. , of ex an ot limtation,
doses of clorrposi tio @pcﬁﬂeg}%ﬁ% %?S%R’%Ssedl%%@tﬂﬁgﬁr pdigmanyd

to achi eve t hegfBsdifRhtd I8 SEIPRIY h huffhatb e%ﬂ%]th@u@@réq@bbmnu@&&%ﬁtﬁat
the dosage until the desired effect is ac i eved tenc

conposi ti on cafevarineiplas Pt ther Resprilyadisclosed csubject 478 md@:@ﬁe \iagtythe
After revigw ol g&%ﬁ’( Ijg&é&tb?éd‘ %@?}8& BfePlse étﬁé}{tik/e\f vﬂﬁ? sBé S'ler%g%tir%tre

mat t er pr esente one of’ ordi nary can
t he dosages t ospmleso inchaling cheaim- lslobqi@tvertelahtesgsumlt Bs amzm)mats amd birds,

articul ar for tion t hod ,of. a i.strat.ion,tq.be,use t he
(F:)orrp05| tion, ﬂ?.'@ﬁ”ﬁ?‘i g? %%%E‘&E‘E?a é‘he B ¢ RdNecy) I@ul?'hst F‘HH?
dose can consndamnsajis mmeréteo@tﬁmamdemygfmﬁnmgmmcaegmnmhtfe@tﬁfbnt.s

stage of s t nd the presence .of additiognal del eterious
g ym c?e:su'abla such aspbut not limited to agricuitural and domestic mammalian

30  species.

Thus, provided is the treatment of mammals such as humans, as well as
those mammals of importance due to being endangered (such as Siberian
tigers), of economical importance (animals raised on farms for consumption by
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physi cal conditi ons. By way of additional exanples, the anount
of active ingredient that nmay be conbined with the carrier materials
to producew® WpHygpwsdosage formw I | vary dependi ng uporCészewbisect
to be treated and the particular node of 5 administration. For

exanple, a for Hﬁl ation jntended for adninistration to hurrans#éahn

cont ai n f 1 om 0 MBS} OFAHA! KRRGHANCE [ B iRS AR BElE Sl PoRHo humans,

appropri at e angyrGREtuAES eddriRoRRENSthel thedHunfins BUBH izl cath bhb JBRY), \sie
fromabout 5 to about 95 cs)ercent of the total conposition. For

exanple, in a RighMgauRRd Wiltboarme.dsMiranis EUSH s F@tiicn e eent gisiies.
are general ly Rgty SQts,lbiQET,laéH?i é%@né%oaﬁ@hHIQeEPA B\FbAte Isr{ﬁétrggtlrjnt]é}'ﬁ%f

Thus, dosage unit forns w generalfy contain between from a
my to about5 500irdy indluding thet raatmentpidbivemkinds ¢ihicds|that 226 endanddedykept

100 , 200 0] , , [ 0

The nitric oxt Beprelgnelas M antindB sttt BhedThunt - rlBl
1r5Tb dg_se rangi nucﬁr(rj@smmlmm c_;lﬂc[ﬂ:chsmucﬂ@, gmmi;o gihin@ﬁﬂbmlg%nd mesliggmsthey a(rje
enpodi nents I n se rangi rom about . to about. , an
T Som. enbod! ABAC SEARS L HORAGP P FUBRISISDRS. DIORS e e sBRmaB g1
ng. The nitri clnetdlk, ARG But GRR 1iRiel tBEdAARBL I LERThe! @bg%%m hogs),
enbodi nents in a dose ranging from about 100 ng to about , 000 nmg,

and in somtD enB&ainABlS Borsas PdEL andriae HE-f r om 20 about 250 ngy to
about 1,000 ny. A representative dose is 3.8 g/ n2/day of arginine or
citrulline (nolar equivalents, MVWL-citrulline 175.2, MV L-arginine
174.2). Bepr eBHARMAQBUTHEAlR CENMIBOSETIONS | | ne sol utions can

conprise a 100 ng/ % S tion. Repr i ve intravenou .
citrulline dosages ”)éa(‘r?%%ﬂ"&%% 8@5'585%%%@%%”%}35@ %E'B@Sﬁélsk'g{ed
and 800 ng/ kg) Taﬁgsi@@nﬁmbtﬁdémd subjéciin lea'eahmd btedﬁ.gABf‘Eﬁedivmmednf’tsm
600 or 800 0 e, the.dose .can he degcrease anount

g ng T B e R S oY P Tiee o OResi 7Rl raRae (6 3
ef f ects on Sysbﬁmgkdﬂb@ﬁdlirﬂﬁﬂw&ani fesPBA%: ﬁf@@dlbjgﬁt_rﬁeﬁmg ﬁ@étféﬁl).cﬁﬂtdéﬁ
adm ni stered one or nore tinmes duri ngi a given 30 period of tine, such

as a day. dogages invelse pb GelivR Mgrediepira it sompasitiebmmisinei Biesently
TPl e ou TR b Ml 1 S81S0 B0 58 6 BB 3 mupt o1 e
subj ect. | n soagfivenbortipaund(s) thaleid elfebtivei $o dashiavei tied degired thenapagtic
P2 1A BB BB deM B 1y ot Rbsied @ubfh c8hard s
enbodi ments, tihe aouityt obfthei thetdpeutie ¢compdsitent | the toute aofs admirdstration,
Ol e ok baRogih har i or P hatie 05 <R o PR oAbl
optional ly at {reaet, &l tBRohHtI6H an@Phoantdieadidtyry e subfectbBihg trbbel:
By way of example and not limitation, doses of compositions can be started at
25 levels lower than required to achieve the desired therapeutic effect and to
gradually increase the dosage until the desired effect is achieved. The potency

of a composition can vary, and therefore an “effective amount” can vary.
After review of the disclosure of the presently disclosed subject matter
presented herein, one of ordinary skill in the art can tailor the dosages to an
30 individual subject, taking into account the particular formulation, method of
administration to be used with the composition, and particular disease treated.
Further calculations of dose can consider subject height and weight, gender,
severity and stage of symptoms, and the presence of additional deleterious
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In sonme enbodi nents, the presently disclosed subject matter provides
pharmaceutical conpositions conprising a nitric oxide precursor and a
phar maceut weedopsjo9aes8ept abl e carrier, such as a phar maceR@¥/eEDIN032826
acceptable 10 carrier in humans. In sone enbodi nents, the presently
di scl osed subj eﬁt .rT%t t er,.provi des pharnmaceutical conpositions
conprising citPOYY'? &OHF‘J“EP@ nine in dosages as described above.

A conposition of theyw=gefatdiotkiskhepRe, Hekinenint BP4dtRE indiedispi thal rhity
adm nistered orally or parenterally in_dosage unit fornulations |
containing 15 be gpbing H’t@ﬁi%‘”ﬁﬁﬁ&?%‘&@%ﬁRfﬁW%?%‘@@%‘BF%@Qef@HPW"%Y

adj uvants, a”%&?ﬁ%dﬁg@} Ous‘%'ﬁéis&»%féct FB%{E Zt'rféaté@aérﬁﬁttﬁé %é'rthﬁﬁa#ﬁ%e of

herein includes 1Intrave , Intra-muscular, intra-arterial
i njection, ®r hdminisicationecar gyemple, a formulgtioot mkenslegr op adminishistiort ¢

exanpl e steril I U i ens| r

f or mul at ed accgyﬁ'?"hg%%gt&to tea?rﬂﬂg\%n&gr 93%5%’8"’%“2%??%& W@g@i\ﬁ@ ol
wetti ng agent sapmapsigispamd cogvemip tsnoubh ef steier eaternalechiely eay vary from
preparation can _ al be a sterile injectable solutian or suspension
1 nont oxi ¢ 2eadat RAPELF Beisentr e [l o mRRaRon, SR P S i & human
sol ution in 1, 3diattiessed per PERIB dehadRafistritaRlafe YeheallESetdeen 1 mg and
sol vents that can be enployed are 25 water, Ringer's solution, and

i sot oni ¢ sHdli uRPR MDHP de seweral fimrs Per daud Thusndosager ynitforms velligenerally

are convention : eﬁ%‘"% j i :

thi s purpose a%ﬁtéwan i)éﬁce]h oi#oggh\\fﬁgtt%%%f)oyeg Pﬁc?ﬁ%ﬁg{’@&g éé{l?rg,

mono- or di gl ytygidade25 mg, 2aig 168 mg, 200ymacitsmgudfo ag, $108irng.a&0mg,

find use in th } f injectables. Exenplary carriers
Podlith L1008

i ncl ude neutra ons buffered with phosphate, |actate,
Tris, and the |ike.The nitric ckidegpreapmsesisndriniseredio domentmdadieenisain a

be adm ni sfered to a suhj ect, several ti S ing a rel evant .. ,
Creat ment - For | S2ES FIGTGTERG 2Batt Cibl maithAb e b5 oo n S§mépibedigenss ina
nore dosages. dose rangingtfroth Bbolfte 5IAEEL beABOOAYRMRIIn sbivalenitiRiiments in
specific dose |evel tor any particular subject wll_depend upon a

variety of fac®dpse andingiiray abeut 40eng KRROUEPEMY- el oXreaprepLrsor
sex, diet, Ul MEardhisBHY dinhisfilreah sl bftRbirdts i 2168 tafhind RbR Abut

excretion, dr u% conmbi nation and the severity of the particu _
di sease 5 undef@dmagoehert00ENgVRIER some embTgtignands Incvlong BrRAINY from

e ety AL 20 bSHER) T OBR A B R YERe % A By of
arginine or citrulline (molar equivalents, MW L-citrulline 175.2, MW L-arginine
174.2).

Representative intravenous citrulline solutions can comprise a 100
ma/ml (10%) solution. Representative intravenous citrulline dosageé can
25 comprise 200 ma/kg, 400 mg/kg, 600 mg/kg, and 800 mg/kg. In some
embodiments, for example but not limited to a 600 or 800 mg/kg dosage, the
dose can be decreased by an amount ranging from 50 mg/kg and 100 mg/kg to
mitigate observed undesired effects on systemic blood pressure. In some
embodiments, doses can be administered one or more times during a given

30 period of time, such as a day.
In some embodiments a pharmaceutical composition comprises an
amount of citrulline effective to raise plasma citrulline level to treat a

complication as disclosed herein in a subject. In some embodiments, the level
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10 disclosure and the general level of skill in the art, those of
skill will appreciate that the follow ng Exanples are intended to be
exenpl ary wal2pod/ov99hat nuner ous changes, nodification, BOWUS2009/032826
alterations can be enpl oyed without departi ng fromthe spirit and

f th | | osed matter. 150VERV
EanmLes ¢ PRt b CoRp A R e el B AUREELD b tresied to
treatment of Sedt dﬁseh%dwﬂblémﬁécttﬁbtb@fenhg%rﬁqhé ap@slichBén. In some

treatnent strategies that address the underlying physiol ogical bases

for the devel of "mntéetbeﬁmuyt@f&ffwlhnﬁdﬁeﬁﬂ@w@ﬁowplﬁema&twﬁweéevei
one of the key,rP%&]%j%&% ﬁ&%fnﬁ%@ f;{?ér#a"ﬂ 3 §P1(?ﬁ‘:%8 ﬁtép?;gu??ﬁﬂx

decr eased avai c oxli n ce e esse

i n contracth onleakt 2Uq.aﬁd$l/lifér$ Obﬁ@naﬂy atdeqst [Ihs oﬁ]/teﬁfﬁmadipﬂwlaw abowt 37
frompatients with and wthout vasospasmit has been detern ned by
the instant colrM@Vgf.ors there is a significant difference in

citrulline |evels Shﬁ%rﬁé‘%b%@e‘?ﬂ% %h%fsé&ﬁﬁﬁﬁg%pﬁéé@ Baw; SCﬂrﬂéﬂ‘%rqr&Yﬁ%ss

of citrulline as conpared to Vasos asm
i s not desi redpbamhm:ehbcaidc@ypw’gvomarcbnmm&ng aheltmy oafdeopeecmrsownand a

these results SK. est citr ne actln as_a e
L reatmont | FobMUAreERY Ao bl P TRr el a8 n Poe B RcecERbe
simlar rre'cmancamaﬁin fUPROE! | INGsones evibbdimentaX e PresthiioUBBIoses sebjedd

an adequat e suEplé of citrulline which can_act as a nitric oxide

precursor 30 a EPVOthﬁéPha'EE‘E?Q%'E"a*°°mP°S't'@<%QP;5'PI§§"E%%'@?J’raé@@'ﬁ?*"

the results of jgsRp¥iddiddcABddabsnel s of citrulline, ornithine,
arginine, and nitric oxide in subjects with and w thout vasospasm

The sanpl es were sepaioaprasition olthsopresently disslosed osubirat|reaiteros. typically
acePe 1 SRS Sy SRR, BN 0L E bRy ctainn
5COVMPARI SCNy OFstRhdSKIA noEI/RRICY p@@‘macéutﬁhuy | adcPpiabENTS mArg, HaduvAanis, ViircH
VASCEPASM Par a”(—:%[lcﬁcras \é\éﬁgglrjetd VRS parenteral" as used herein includes intravenous,
intra-muscular, intra-arterial injection, or infusion techniques.
Injectable preparations, for example sterile injectable aqueous or
oleaginous suspensions, are formulated according to the known art using
20  suitable dispersing or wetting agents and suspending agents. The sterile
injectable preparation can also be a sterile injectable solution or suspension in
a nontoxic acceptable diluent or solvent, for example, as a solution in
1,3-butanediol.
Among the acceptable vehicles and solvents that can be employed are
25 water, Ringer's solution, and isotonic sodium chioride selution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil can be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find
use in the preparation of injectables. Exemplary carriers include neutral saline
30 solutions buffered with phosphate, lactate, Tris, and the like.
In a representative embodiment doses can be administered fo a subject
several times during a relevant treatment period, including but not limited to 1,

2,3, 4, 5, 6 or more dosages.
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Wth vasospasm p-value Gtrulline (nMnl) 9.12 1.2 5.66 1.2 0.08
Onithine (nMnl) 31.66 5.7 16.46 3.4 0.04 Arginine (nMnil) 34.88
9.7 22.54 wWO.B0IINi tric Oxide (j.1, M PCT/US2009/032826
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it will be understood, however, that the specific dose level for any
particular subject will depend upon a variety of factors including the age, body
weight, general health, sex, diet, time of administration, route of administration,
rate of excretion, drug combination and the severity of the particular disease

undergoing therapy.

EXAMPLES
The following Examples have been included {o illusirate representavtive
modes of the presently disclosed subject matter. In light of the present
disclosure and the general level of skill in the art, those of skill will appreciate
that the following Examples are intended to be exemplary only in that numerous
changes, modification, and alterations can be employed without departing from
the spirit and scope of the presently disclosed subject matter.

OVERVIEW OF EXAMPLES

While sympiom management plays a major role in the treatment of SAH,
there continues to be a long felt need for treatment strategies that address the
underlying physiological bases for the development of secondary complications
of SAH. For example, one of the key pathological mechanisms following
aneurismal SAH is decreased availability of nitric oxide in cerebral vessels
resulting in contraction of smooth muscles or vasospasm. By comparing
plasma from patients with and without vasospasm it has been determined by
the instant co-inventors there is a significant difference jn citrulline levels such
that patients with vasospasm have lower levels of citrulline as compared to
patients without vasospasm. While it is not desired to be bound by any
particular theory of operation, these results suggest that citrulline acting as a
NO precursor can be a treatment for both SAH and coronary arterial disease
through a simitar mechanism of supporting vascular relaxation through restoring
an adequate supply of citruiline which can act as a nitric oxide precursor
amongst other actions.

Examples 1 and 2 present the results of assaying plasma levels of
citrulline, ornithine, arginine, and nitric oxide in subjects with and without
vasospasm. The samples were separated by 24 hours in fime from collection.
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27.36 4.8 30.72 9.6 0.38 n = 5; data expressed as nean standard
error EXAMPLE 2 10COMPARI SON OF PLASMVA (LATE COLLECTI ON) | N PATI ENTS
W THOUT ANBODEHIRSOSPASM Par anmet er W t hout vasospasm My is2009/032826
vasospasm p-value Citrulline (nMnlL) 8.62 1.2 4.81 1.6

10

15

In Example 1, levels were assayed after early collection, and in Example 2,

levels were assayed after late collection.

EXAMPLE 1
COMPARISON OF PLASMA (EARLY COLLECTION}) IN PATIENTS
WITHOUT AND WITH VASOSPASM

Parameter Without vasospasm’ With vasospasm!  p-value
Citrulline (nM/mi) 9.12+12 5.66 1.2 0.08
Ornithine (nM/mi) 31.66 +5.7 16.46 £ 3.4 0.04
Arginine (nM/ml) 34.88+9.7 225443 0.14
Nitric Oxide (1M) 27.36 £ 4.8 30.72+96 0.38

"n=5; data expressed as mean * standard error

EXAMPLE 2
COMPARISON OF PLASMA (LATE COLLECTION) IN PATIENTS
WITHOUT AND WITH VASOSPASM

Parameter Without vasospasm  With \.rasc»spasm1 p-value
Citrulline (nM/ml) 8.62+1.2 481+16 0.12
Ornithine (nM/ml)  42.60 4.9 2522 £6.5 0.06
Arginine (nM/ml) 47.76 + 16 26.62 £ 9.0 0.14
Nitric Oxide (uM}) 58.85 £ 39 48.01 + 30 0.41

"n=>5; data expressed as mean + standard error
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CLAIMS

1. Use of citrulline in the manufacture of a medicament suitable for
intravenously administering into a subject suffering from relative hypocitrullinemia for
treating vasospasms.

2. The use of claim 1, wherein the vasospasm is associated with aneurysmal subarachnoid
hemorrhage in the subject.

3. The use of any one of claims 1-2, wherein the subject has suffered trauma that results in
vasospasm.

4. The use of any one of claims 1-3, wherein the vasospasm is associated with atherosclerosis in
the subject.

5. The use of claim 4, wherein the atherosclerosis is associated with coronary arterial disease,
with carotid arterial disease, with peripheral arterial disease, or combinations thereof.

6. The use of any one of claims 1-5, wherein the citrulline is a pharmaceutically acceptable salt
thereof.

7. The use of any one of claims 1-6, wherein the administering is in a dose ranging from about
100 mg to about 30,000 mg.

8. The use of any one of claims 1-7, wherein the administering is in a dose ranging from about
250 mg to about 1,000 mg.

9. A medicament comprising a pharmaceutically acceptable carrier and
an amount of citrulline effective to raise plasma citrulline level to treat a complication
associated with aneurysmal subarachnoid hemorrhage (SAH) in a subject suffering from
relative hypocitrullinemia, wherein the medicament is adapted for intravenous administration,
and 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 a complication associated with
aneurysmal subarachnoid hemorrhage (SAH).
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Use of citrulline in the manufacture of a nedicanment suitable for
intravenously adm nistering into a subject suffering fromrelative
hypocitrullinema for treating vasospasns. 2. The use of claiml,
wherein the vasospasmis associated with aneurysnal subarachnoid
henorrhage in the subject. 3. The use of any one of clainms 1-2,
wherein the subject has suffered trauma that results in vasospasm 4.
The use of any one of clains 1-3, wherein the vasospasmis associ ated
with atherosclerosis in the subject. 5. The use of claim4, wherein
the atherosclerosis is associated with coronary arterial disease,
with carotid arterial disease, with peripheral arterial disease, or
conbi nations thereof 6. The use of any one of clains 1-5, wherein the
citrulline is a pharmaceutically acceptable salt thereof 7. The use
of any one of clains 1-6, wherein the admnistering is in a dose
rangi ng fromabout 100 ng to about 30,000 ng. 8. The use of any one
of clains 1-7, wherein the admnistering is in a dose ranging from
about 250 ngy to about 1,000 ng. 9. A nedi canent conprising a
pharmaceutically acceptable carrier and an amount of citrulline

ef fecti v@. Tle madisangit afetamcd, thatein theath@nebf ditoultisessfectédveao meiptamb on
associ at edeiwiiliie B¢ Gt y subidct 15WbREA S ARIl/Hteh@ptidiallagele{sSAH M bINitE, SitdhaARt
suf fering fines 20glnadlilvee, dpyipatiytaf ihdt D5 RRLRte MBRT GtibndIhabHRTT QAo Rier. | S
adapted for intravenous adm nistration, and wherein the level is
determ ned by conparing plasma citrulline levels in a subject to be
treated to that observed in a subject not suffering froma
conplication associated with aneurysnmal subarachnoi d henorrhage
(SAH). 10. The nedicanent of claim9, wherein the anmount of
citrulline effective to raise plasma citrulline level in a subject to
at least 5 nnol/liter, optionally at least 10 ttnol/liter, optionally
at least 20 gnol/liter, optionally at least 25 ttnol/liter, and
optionally about 37 ttnol/liter.

-15-



