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NI TRI C OXI DE | NHALATI ON TECHNI CAL FI ELD This invention relates to pul ary
physi ol ogy and cardi ol ogy. BACKGROUND Nitric oxide (NO is a highly
reactive free radi cal conmpound produced by many 5 cells of the body. It

rel axes vascul ar snmooth nmuscle by binding to the heme noiety of cytosolic
guanyl ate cycl ase, activating guanyl ate cyclase and i ncreasing

intracel lular |evels of cyclic guanosine 3',5' -nobnophosphate (cGW),

| eadi ng to vasodil ati on. When inhal ed, NO gas acts as a sel ective

vasodi | at or of hunaENHANGING THERAREYD THC EFEECTIVENESSt |y, NO
inhalation is used to pronQFeNYERYCI OXTDI INMAEANTIONENt i | ated regi ons of

- the lung. In acute respiratory distress syndrone CARDS), i npaired
ventilation of lung tissue reduces oxygenation of arterial blood. Ntric
oxi de inhal ation often inproves oxygenation in ARDS patients. It does so by
dilating bl ood vessels in well-vearrCHNICALMIELDONS of the |ung,

redi stributing bh_gjr%d flow te\%};/\ﬁ]ards the well-ventil ated regions and away from
poor | y-vent i | at edSdRfeBR refffss ihpylmerary Rusiolagy andesrdiplo®ever, in is 30- 40%
of ARDS patients, NO inhalation fails to inprove arterial oxygenation

(Bigatello et al., 1994, Anesthesiql 'éﬁ%-??O; Dellinger et al., 1998)
Crit. Care Med. 26:1523). It is di gﬁ%ﬁgp redi ct which patients with

ARDS wi |l not resp@indxide (NG isAmahd leailive fredValticil @ﬁ?ybﬂﬂt@od&éd by&Rond only
transiently. However, it is known that up to 60% of patients wth_ ARDS

associ afed WrHsPidkshady. Haelags vassulgbmepoftompseledtydrindies toley hemermadety af .| 20
1996, Chest 91185 L : ' in
response o Al ien e Atd oyt raBli BRRpRI iRl A R ORI Aros
hypoxi ¢ pul fevekrof cydis goamsine B 6§ HoenophiRphate GGMIY, kehding towescdddtiony st eni ¢
arterial oxygenatj.on. r,edihstributin | god f.l. qw froma poorly
venti | at ed (hypoﬁhcefmﬁéﬁg’elg SR %55?[8 “’FW&P&Q%W%%%%% ed

(nor noxi c) |puligondfy veegisO Tonseq@sly SN@mthaRE0isas&It drdnifé@vdsodiBiod Hutelii nson
et al., 1985, J. Appl. Physiol. 58:1463-1468) leading to a grof ound

decr easid i n VARIt'&PY EBIoHR §R MognEasticarPHeTy dittiess merewr 6ARRH): freraited of
system ¢ OXygefadnQF niRNishf rbdubfs dxDE& iGN fAferidNbidol CNAXE SGdd mﬁ@%t%' on -t
15 DEC 2004 m ght be exXpected to | fiprove oxygenation or arterial blood
during sepsiofien byprpyes ouyesnatipnih A8DSidabents. Tt deis s b dildting bledd vesgeloins on t he
lung. In practi-ce. wever i nhal ati.on duri ng sepsi s s _often.

heftect i ve vl BEBhs o e R ReBiiing Blool ol TR F B EAH e at o
reducti on ofreditiid.andaRay Borfl poorGevdntitifedetgids, whitDRCeive LaWNCE Viddvweever, il nhal ed
nitric oxide in acute lung injury,  pages 271-283 in Nitric Oxide and the
lung, ("ZapolP¥iet BIUEH, P! WOl ik iesrrprate artpg oxgeRation figgetious No
i's produced byl Nbdd, ifePncsBfogs SOTERIRS DEM%&QP&EQ?%G, (Pl UMk ®edisni ne to
L-citrulline in the presence of oxygen (Know es et "al., 1994, Biochem stry
298: 249- 258)23) Thiseltfigult foredict whinhpstients with ARDSoxilldet rsspond kO (nj@B)ionave
been 1o char i n | )yand endot hel | MNOS3) are
constituti vg?gﬁr}%}ﬁétg&tsﬂ%ﬁ#%%am ﬂ%ﬁ%g%o%w%’?’ oe‘le{lﬁg%lug%?é%%duci ng
| ar ge anountpstiets W ARDSewcathd bythergtdtdotonrefiingd do inhiled NOd(Kraffas al.,

| i popol_ysac ife ) nd cytokines (Knowes et al., supra). In spite
of t.he2 emﬁgﬁéﬂéﬁq@%hﬁz%ﬁ NO i nhal ation therapy for various indications,
i npai red pul NDNaN¥n¥A pElshchErydiabcala@iry cdnSSRR NP INSINES® alvolhfpaxiaNii@l ati on and
NO-related loss of I-1PV remain significant problens in acute respiratory

i 11 ness. SUNRRY Witfelupg inghy sel ap RS Sl hgnosiparbeonenataseamstiietioadBBY) pul nonary
NO level is OeceRSald of systemic arterial oxygenation by redistributing blood flow away from a

poorly ventilated (hypoxic) lung or lung region toward a well-ventilated (normoxic) lung
25 regions. Sepsis and endotoxemia impair HPV (Hutchinson et al., 1985, J. Appl. Physiol.
58:1463-1468) leading to a profound decrease in arterial oxygen concentrations. Such a

decreased level of systemic oxygenation can be life-threatening. Nitric oxide inhalation
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to to inpair |13PV during sepsis, and that such |-1PV inpairnment_ can_be
aneliorated by 2D reactive oxygen speci.es scavengers or Ieukotr?énQEC 2004
bl ockers. Accordingly, the inventors have devel oped nethods for pzeserving
the vasodilatory effect of NO inhalation to achieve inproved arterial blood
oxygenation in patients with lung injury, while aneliorating HPV-reducing
effects of NO inhalation. The inventors have di scovered that the inpairnent

of HPV i s not_.sj ' i i : Ve 25
i scover ed URATC BrARREVP CoP o R ikl RA e RE 3y Hsdishig
| i popol ysacciteed fiiev imwklcenti kpdnegomon tincloms dapyactice, howsaer, Neuinhalatamy

vasodi | atory, responsi.veness .£o.NO inhal ati on,i.n endqt oxi n- l.l,.enged m ce.
Accor di ngl y, S4HRE STRT AN fgeflsfn%%\c?téved@}?esloﬁlﬁ esrféf‘ﬂ%ﬁé"%ﬁ“r“%?%ﬁ@?@il?'lﬁpagﬁ?‘rmnar y
vasodi | at or mR&AERNGNEIP . SRIQ.£.NGalah e, 1998, Tt BERE6Hinhaldaaitipvent i on
features a nethod for reducing, partially preventing or 39 _conpletely
prevent iSng NGIeIRAFHE [an eV aPagEs 2%%’?‘(&#{ ic Gridpgnd %e dupg Al andy one

enbodi nment , i L .stering to the mammal a

t her apeut i ca]?lllajg/h’[égg'ﬁm?%rdfp%%g%ﬁ%’gg%gﬁ(t'ecti ve anount of NO by inhal ati on,
and co- adm ni st erBindggeanuse¥® equrodugedibpniitic axideapntbases throsgle tonversiprpfbn speci es

(anti-R0OS) agent.  The.anti- agent can be, e.q., vl.cyst ei ne,

al | opuri nol ,ag%fgjﬁlgrt(b}lj@ltﬁu@fng “(R%tpé%rfrﬁe&f OXYsH ﬁl‘r‘ﬁﬁ%ﬁ ot %l‘zgge"i’ %’ ﬁiﬁnﬂfwcat al ase,
PEG- cat al as 29320258 Thsed)diff@e Girmd iof 10 X sgithise YNOB P havibeeeri Oxani ne

mesyl ate, 5 gli met hyl ugea, ebsel en §2- phergiyl -1, 2-benzi sosel enazo| - 3( 2H) - one;
Pz51), Buk- & a@g@ﬂ%ﬁyéﬁv@pali\g?s (i‘g) 1) and endothelial NOS (NOS3) are constitutive

20-t et r aki s(dNzpmé W ifiduciis NOE!khOWh RONO8S Bapab1@ Bf ]%r'ohllc)ngclﬁ'tl 0 bind&dts o FPPS (5,
10, 15, 20-tetrakis(4-sulfonatophenyl)porphyrinato iron (gl I'1) chloride),

gl ucocor t i cob ésluced hyteadeipxin éalsovkfeadio(avlipenoly)sacsharieios LBSrad zpiokines

aci d) por phyrji jd TNEYP . .
(V1 1) Fot 1oty B Sl SR gr e demanstrated value 0T NG fnbalation thegagy fo
sel enonet hi onirines indivgiong tinkered ipalntnagera§ctGbiiilatqe raspbhjsendre to NO

gl ycol - conj ugat ed- S PEG- : i folin (dihydroguercetin;

3,3 ,4%5 7. ft%?ﬁf%) E&fﬁﬂ&ﬁﬁ%ff ﬁ?ﬁdﬁma@%@ Pﬁgﬁe&ﬂw%%ﬁem%w s a
preferred aniheskOS agent. I n alternative enbodi nent, the method incl udes
adm nistering a therapeutically effective anount of NO by inhal ation, and
co-adm nistering an effective anmount of a |eukotriene blocker. In other ~ 5
enbodi nents, two or nore anti-ROS agspMMARY an anti-ROS agent and a

| eukot ri ene Mocker are co-adm nistered with NO inhalation. |In another
aspect, the i nverfteéyertasthayediscoperpd st mdncreasefl pilmenary NP vl isynepgseayent i ng
or conpl etel J f r i kyeness to
NO i nhal at | o FRBAFHEVAh SR alt b BN oY RARIH Qb bo HARRNG UF

adm ni s®er i ngactive pXygemenenias scavengers helcalpétne blwickers. eAdcentingly tianovertorof NO by

i nhal ati on, -;and.co-adm ni s ing an effecti.ye anpunt .an. anti - ROS agent .
In alternative %%%Bf%ﬁ@?&sﬁ%fepf%sm% FH%?P@K“EQ?S tﬂflg{)éﬁ%?aﬁ%oﬁ to

t her apeut i calkchi¢veinfpe®ied uterbldtd oBfcetdtioR h patiBat Atth Qg idiE, wRidM ni stering
an effective anmount of a | eukotri ene bl ocker. In other enbodi nents, two or

more ant i - RESUGEHPSHP Y rredpving sffpctreSNaduilation dThe ipwicst bave discoyesditbat ar e co
25 adm ni St greghpMrnknNPHPVNR hal siBpty Mﬁﬁ§i§te@§r£§%5ﬂﬂtﬁﬁ. ¥ inD&flors Qis% hdwchni cal

and scientific terns used herein have the same neaning as comonly

under st25od Islyscaveyed hairnsievetediiemelof pelkioniry INO plheothertlipppolydacdiariddrindiieedent i on
bel ongs. In f conflict. .th resent .application, including. .

defi ni tions, o FeBgETTS o appit BRIl Fp Tt ksl Chess 0 RO et s
ment i oned hemndotaxiafchal Bagddimios. pAtcatdick 1 the iatat@ikee ddcddped glathisas fwds and
materials simlar or equivalent to those described herein can be used in
the practi c@ GFViNEmeapt vasprtlalor espensyRness WV idrldied net hods and

materials In one aspect, the invention features a method for reducing, partially preventing or

30 completely preventing NO inhalation-related impairment of HPV in a mammal. In one

embodiment, the method includes administering to the mammal a therapeutically
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-3 ;1 5 DEv 2~~4 are described bel ow. The materials, nethods jafd)fexampd es
are illustrative only and not intended to be limting. O her features and
advant ages of the invention will be apparent fromthe detail ed description
and fromthe clainms. DESCRIPTION OF DRAWNGS 5 FIG 1 is a tracing froma
represent ative experinent neasuring pul nonary artery pressure (PAP

equi val ent to perfusion pressure) and left atrial pressure (LAP) in an

i sol at ed- perdriis@et dnoisk NGBy HALILER, B e&ddﬂnﬁm&&grﬁatéﬁ@otwm%o&&%bm

t hr onboxane A2 anal og U46619 was infused to increase PAP by 5 or 6 mrHg.
Varyi ng doseMtifreacive oxygen spgeiesi@ntinB@)S) agenThyasti-RéiScaganfrepmbs €@ & for 5

m nut es eac |. e re- NO

| evel . FIG haga@{c%&én%%g%u?@é}g%sgg@ﬁcur For %ﬂlgrﬂlﬁlg’l %#EI@ 3&8 (,Iaﬁ?as?

| i popol ysac - b&telpseectdndemm (cc;ipmsa«kopnopﬁhz&]sylam;t&fmtanﬁmtmﬂy(ampen circles)

1l popol Jeac TPt BoqaHp aeny - bepe pier o ARy Bib ar e R dnt eat o
wild-type mF‘eQ‘MTWP% a0lis, zémt@]@aar&mg _BSHRRySForpiE@io froniE) dhfo

change in pul rmnarg arterg pressure as percent of its U46 19 |nduced

i ncrease. FIXKETPEE (7510148 éﬁ%@ﬁoﬁﬁ%n%m@%mhmﬁ%m@ﬁ@bﬁdﬁ),
|'i popol ysac%oh(gﬁp&gst ﬁ&tﬂ’ﬁ?fle(ﬂn Qﬁlq%i‘ﬁﬂ S‘iﬁp &&?en squar es)
at e cl'e

NOS2- def i ci ent m ce. popo ysacc arl m ce had a

greater res phivside), Mn‘ﬂMHyﬁKMnaﬁl)temakxﬂbnmﬁryp&mgﬂdyl}pomhymrewmﬂhluﬁﬂi@ defi ci ent
m ce tP<0 05 li.popol ysacchari.de t ed $P <
0. 001§ ODat & l)gP %&'ﬁb’gg’ggﬁg%&rfg%&?“@Dg ?J[yﬁﬁglﬁ%go:l ﬁ?ﬂ%@ gil’ tery

pressure as (PBGCSOD), Uhxifolit (dHARdfreicBii aa0 4i 9%@@&@&&&1&\@3@! &ndavitgmaph
summari zi ng data on vasodil ation by short term NO'i nhal atjon in

i sol at ed- perf- JSBEPYIaYRTIneris 3 prefsrisd pRi-ROSermr nrltepriive wghodimephithed - t ype/ LPS)
and untreat qgetﬁdﬁ ihlude¥ Q%&%{ l heMplefidalp gff&ng amﬁgﬂg%fnﬂéo 32 bR per f used

| ungs from 25 | popol ysaccharl e-pretreate o/ LP treated
(ko/ control )andd@@adldmfstmgm efféctive pn@mt oirslleykomqnebbidrohﬂﬁhqypm NO for 16

hours i,n anmhj en After [

| popol@sacc g’rlEl en%feooégfoé‘g 'ﬁ%@g ?rewtanﬁ,:ﬂé)? ‘\‘l%g?témflgéeé’k?@?ﬂ)onm ve to
short-term NRdkaad &i-adutinisfersd Wit 1O MERRtislef i ci ent nmice that did not receive
| i popol ysaccharide (*P < 0.05), Simlarly, after prolonged NO exposure, 30
| i popol ysacchar i deanfother pwagtclic iventon frraues methods for redisme, pastiply greyenting

short-term t hat
did not rec glp \%lﬂ?lle tggppééfgg@clﬁ%%ffghl%ﬂm%ﬁallétwq asgg}q%és gg(%?gsmlagaéﬁ gs mean

t SE. FIG 4npmagqnal.shnoge ambsdinmmsty the metiod atcludpy :cﬂmxmxtpremg toeid iparomat he

ef f ect s, of

1 poporaac el dmains amgin s P dubblbtrans & abBalies sheives ponse
to short- terammmﬁlaatamonosfagan4nmwhizdﬁizeg@sbodimmnt 310 radtRslr ipglnddsdsed | ungs
obtained fro N(BZ defjcient mce, Exposure to 2 and 20 ppm NO gas.
decreased t mmﬁ%ﬁ&tpermaeﬁllwaffsweﬁl@g%ﬁgléfothy lﬂélatlﬁ&ta&dﬁ?e expressed as

mean t SE. *aﬂ)mﬁngerﬂr% ;an cltEetive ImBfhk oY £ [eﬁﬂﬁn&em&lolﬁéﬂ&%ﬁlﬁdfn%msl&mm S.

FIG 5 is a graph sunmmarizing data from experinents on the pul nonary 10
vasodi | at or Mg pEhBESagentioor ahakisR O aganhanidi agenkotriesablotier argsochal | enged

(closedsCi r gl@8kstered with NO inhalation.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by a person of ordinary skill in the art to which
the invention belongs. In case of conflict, the present application, including definitions,
will control. All publications, patents, and other documents mentioned herein are

30 incorporated by reference.
Although methods and materials similar or equivalent to those described herein

can be used in the practice or testing of the invention, the preferred methods and materials
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and control nice (open circles), and in I|ipopol ysacchari de-chal PeligBdZifitce
treated with N-acetyl cysteine (150 ng/kg i.p.) simultaneously with
| i popol ysaccharide and repeated 3.5 hours |ater (closed fiangles). The
response to NO inhalation was attenuated in |ipopol ysaccharide-treated m ce
as conpared to control mce (*P < 0.001). Two doses of t5 N-acetyl cysteine
(150 ng/ kg) conpletely protected agai nst pol ysacchari de-i nduced attenuati on
of vasoreactjry igébribdd v, ﬁhﬁ'n?aftér{al% meiasodh k?aﬁﬂp‘?é% akéﬂlﬁéﬁ%ﬂ%dlf‘aﬂ?l‘ﬁo@nar y
artery pressure as percent of U46 619-1 nduced | ncrease. Data are expressed
as mean t SHntepddd toge ilslltalgg@lmf@mnd advagtagkstod therimrentiorpeillibseppasensn t he
pul monary v 9 NO i nhal ation in |lipopol ysaccharide
(LPS)-chal | gél(gggle%fe%eleéﬁ&gng nﬁ%re rtheca 188w th a sinmul taneous
intraperitoneal injection of Nacetyl cyst ei ne or saline, and that breathed
either roomair or roomair pfgg§ ﬁf)‘i( wiRlgsl6 hours. The protective
effect of N-acetyl-cycteine 1 on the pul'monary vasodi | at or response
to NOis |ipopol ﬁ@cbisartiadmgcﬁdonﬂdreplgmitanw.:e{pmaerpmmmgﬂuldmnmgrtm(ol onged
NO i nhal ati on. S. +saline in t h rous. FIG 7 is a
hi st ogr am s&?ﬁ%\sﬁeﬁ?ﬁs e&ﬁ'tvale‘f‘trtﬁﬁ?r%?}?@fﬁ‘??ﬂ'ﬁ? @g%ﬁcﬁg”ﬁ “)FF q‘%&éfq Bhal bl ood
flow to the ik@htedbetted PO &RMNreRredRvlithRS nﬁ;f.lﬁeerThb@FaBIe@lﬁbxﬁﬁciﬁﬁ% 218 onchus
occlusion (LMBO _I1n wld- t%‘ pe mce (+/+) and NOSZ-deficient mce g

F Xi n,

treated w t Hn8RBILHEOI Hastinkyped t@p@?ﬁaﬁbﬁ byy5 er GpmEien dsrang deseefdot

cl osed bars; I Iy
(endot oxin van'? ﬁm p-ﬁ N 0%0%99?2@??@51% ggg{%slg?%lo%ﬁ&%{cﬁaggeédb %ls = 5)
admi ni stOerechiKQth)mlstuafmehenrhéKEhddt OXI n chal l enge. (*P < 0. 05, endot oxi n

versus control; 01, . wild-t defi nt: #P.< 0.0l
endotoxi n - N E1GerA T2 st SmehEND %‘f{ﬂfwmﬁ?@ VB ai ned

foll owi ng 1 préireated;(close@ilcledy ahdutitreatbd @ipeflbisdaNivildgdenfite. OfhehépaisBitalg ai r or
40 ppm NO in_air for 22 h (P < 0.05 NO versus wi thout NO) . Endotoxin

chal | enge cé“u@é&la&ﬁ%wwna@ﬁiﬂeﬂwmlwccmmﬁrwﬁN@@dm migera8di st ri buti on
after LMBO i ol onged

i nhal ati on o?%éegégm%at%ﬁggt xinlrl{??t eat'ggﬁN%%(-%l e c??%ﬁta%#%{ai BFneasured 1
5 hour 1&ft erAM%thﬁrlgmu‘alulmmmme@Pmﬂatea!sipcmc;ntsﬁmﬂéﬁ&lﬁm@aﬂbnbmm of HPV

as endot oxi ntrea e mce, S t ed def.i ciient m ce and
wi | d-type mice bngét lﬁ reé‘ﬁ?r%nmufvoﬁj ;Ztgs m?g’tlﬁ’oﬁéﬁ SR abi ity to
redi stri but q)ratﬂa’fmmdbsédbdlumﬂ) ﬁﬂdmmraztt&ce(rophi\@&:esmmmaiéﬁﬁﬂw& hour after

di sconti nuing NO.i nhal ati on. is a histogramsumarizing results from

experi ments %%@bfsﬁ%aaqqﬁéreeﬁéN%Zt%ﬁflﬁntumﬂ»ﬁ Wrar%afer respenspin Nerehalatighs cul ar
resi stance, a@'cbiﬁyared { Jnﬁ@a‘?&fﬁ@Sﬁ-@eﬁcMﬁ%eWﬁ af 1igBHB¥dcEh H%' nonary

vasoconstriction (HPV) was inpaired in wld-type ' mce c | enged with
endot 0x@n ( Wea#p&oldggpm‘encg(ﬁ' $600 e Dateard exprpestdins wedn + BEPYPARS preser ved

i n endot oxi $P<0. 05 versus :
unt r eat ed e%}:}% nl' ﬁ&gﬁgil&é‘ﬁ&ghge?n&ce pege{'} EOtF Uqg@%gﬁél}fad {"’Gﬁg‘cﬁ 0S versus
sal i ne a5 chal | ef@8d Biageph sﬁdnmeﬁnyg d‘zmsérevasﬁh(am}r dhoit tamaVQ tiiiakéibn in

adm ni strati.o nmu| t ane t h endot oxi n) onpl et el y.
preserved i %% Eﬂﬁ%l’?fb\ Ffl]t‘,’ﬂ%ﬁ ‘Blh Wl?‘is?f‘éhqr Eéf“éraa‘ﬁﬁl@’ﬁﬁié%m%i%% nBé‘E'é?i’é‘?ﬁ‘ger of
super oxi de, hyd m%nmmﬂa e@fnste Elﬁflﬁ’féb'l’dtédiﬁefrﬁséﬁﬁ’tfg@ fdf Versus untreated
endot oxi n-chal | enged m ce) 9A-9C are representative tracings of

pul non&fy aHwoﬂﬂlﬁaéﬁﬂ&dﬁéfﬁﬁw/bpﬁe@é@ﬂ@m(kolml@ﬁéq%?dd@iqwnh@l@ MBO Wi t h

and wi t hout ‘%F 0C, ects of
uni | at er al :ffr%/eo Q’f&h‘fﬁgi‘i‘% I %cgé%b@{&%é% onleréearllrt r‘% eyﬁm?o eﬁ% cs before
(a) and dur ierposuNBibdpblyamdhaie pretresed NOS;! delficichm indde vedry feed mﬂpoﬁﬁbé apse
occurred aboyt t fter LMBO, nt i_nuous, r s of mean flow 2s
t hrough t he$ H?’@#{Imﬁuw ng‘ﬁgp?‘éﬂg?rﬁ@%ﬁmm*ﬁeg’ﬂﬁfgﬁ%9°eé‘iﬁt ery pressure
(PPA), nmean 1ipypdipatehaddd @Pi<al.09)! SHuilAHS, ARSAblonfRONORRFbsAlel WAy pressure
(PALV) in a ?aflﬁg%reat eg W | dﬂ-q rn?)uselsfzsﬁb E)lasel i ngﬁband after LMBO. To
assess 3| oodiPPPYYpagehatide-pratreatad wi %@queh‘@ﬁr legstresparsiivel te shorpigrmdiCar y
arteries, the left pulnonary artery was transiently occluded, at which

poi nt QQPA = QPA (see a and c). The difference of QPA - QRPA 30 equal s
QLPA. Measurenents were taken at baseline and 5 mnutes after LMBO Arrows

i ndi cate occlusion (90 seconds) and release of the |eft pul monary artery.
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1 ~D~C20Q FIG 10A is a graph showi ng correl ation of percéf Dpll adHary
blood flowto the left or right lung assessed by intravenous injection of
fluorescent mcrospheres (15 pmdia.) and by simultaneous neasurenent of
QRPA with an ultrasonic flow probe. Values are expressed as the fractional
flowto the fight or | eft lung before and after LMBO 5 (saline-treated
vm'ld-type mce; n =4). Note the cl ose agreenent between the-2 nethods (r2
0.967). FlighalddB this er@ el llyps havd dsk cﬁeﬁalréo%wefhp@ﬁsﬂeﬁdcm%%*poaofobja left
Iung pul monary flow pressure rel ationship before (baseline) and after 5
m nut es of LRNBTRESXEEisPdhatpete¥E-wi | d-type nmice (n = 6). Left pul nonary
artery flow (QLP. rm&g%i and the
sl opes were gene?g?\e\%gg %‘ﬁ?ﬁgﬁ@h#ﬁﬁ&ﬁtg’?p%ﬂ}sn?rg%%"?g{g%tgﬁf%fn of the
inferior vertaeattmuao(@ 2.0 20 ppindy@ futilhhenrs afterrlipupolpacbhiideschalldapéon 10C i s a

graph il I ust I, N x‘li)l in.total |ef nonary,vas ar resistance
(TLPVR) ®duri "lbé‘%é‘ %%ﬁﬁ“’&rm TSRO S éﬁ‘séﬁgll&a{mf”&ﬂ 4 rP NG 5. 1 eat ed

wi | dtype m Cieozétsd-p&rusedfmhgﬁﬁ;t@ree TRRPNOSIAdfi@ént idd. rmaésur&e DRSS Q%Bprﬁf al |
data points with the is respective 95% confidence intervals. Fl 11 is a

graph showi 0 &rs dcteasedithe mentay vasgditgararaspraseod Gy DutnBo copresshdas y st eni ¢
arterial pal’r{léaﬂLL.ﬁG? SSN*PWﬁﬁnve@ﬁ‘?%%Eﬁb 97{11‘3%9}&'1 shhGated wild-type
nd en de

mce (thick l'ine) a ot oxi n-t reated cient mce (narrow |line).
Endot oxi n was adiil@i sisergaph2imivonzisg datd from espamt;pntsymdtepuhhmragerr t oneal

wer & obiea ned iR Seqny PO BB ERLR P dier et et o Bkl o

arch. Data amé cbitml mw(opefn dlmrégpaﬂdeupo@m@rchmoaawﬂgéa hick Bediptp@ithri ce (n =
5) and NOS2- efrcrent m ¢ FIG 12 is a table of data from
hemodynani ¢ %ﬂrs@mﬁeso ’ﬁé/ﬂfs &9%. é!m“&falrﬁsa%n FEhdiperolxsaschariierpd epeatesd

(basel i ne) Wh&rﬂaﬁk‘l@%e@ﬁ{aﬁélsé) Sirhe }ekﬂzﬁsé"&ﬂminﬂaﬁ% xﬁ\.@@nda ayy | d-type

mce (NOS2 +/ + 2-defiCient mce 2 -/-) ' enged with saline
(control) orhpeprmﬁaechandf{ -Beriiest e aecozwmdm eonbefmrce(’rPeﬁﬁGQHam desgsefi nent s,

d f 2
meastr < 1 ASHLRHTI ARh e Bind BR e MBD,11°, oo

(miri'), Ps mnalmanomsdrezmmtﬁfom itﬂhhlaﬁclilﬁs%w’s@dl(aﬂﬂﬂ'ﬁ):hm@é th puli@G@idy pul nonary
artery pressure flow through ri gtht pul nonary arter]%/ during
4 h

left pul rmna'lftﬁry Fo8Yn a%E"cf?‘?%?%‘ﬁ“W‘“&@“?ﬁdrlmw%e gPat2 gigjexpregphasmeanpk-hr ough

right pulinonary rastieiky ghdph sefmﬁfhx'iimg d‘atﬂﬁomleweﬂngw{s@nthefﬂuﬁi%ﬂa ough | eft
pul monary artery (pl x mri bw), QPA = ratio of ow t hrough -7_

1 7 DEC ~~~ viegdilatgurespomag tp NO znéalytmrnnﬂlpmvlysmcbmgh (LP@Jﬂhabmgmbmmeyhar tery
during 4ran f arter L usi es at .baseline
before 2&I\/BO%{’\/\‘B/g‘?{gea(t:e(;%l &trp&'éd{ﬁgﬂ eXus 1T Sﬁtﬁg ‘fmj%kl%{/% %‘fs eérgtorg?lmfi\/BO on
each par anetaed thaalsreahai gtme:d-oom aﬂ'a)c kbogr zﬁugﬂusbzo PONOND gaks fd@r la hpmst Thoc

conparison ("P < < 0.001 5. versus baseline). FIG 13
is a hi stogSp %ﬁﬁ'&?“itQFﬁd“’%lfcé’c'FP’Sﬂgg i R e s qUaer 175RPRSE o

i ncrease in t 80 inlip wyabdli&m@r-ahanéifgwh% urae fegéraé&-‘cﬁmﬁ}g 51foﬁon§é/&d n
sal i ne-chal | enged WI g:gcge mce , i ne-chal | enged LO defi ci ent

(n = 7) mi cénhafaggnt(ER <SS L%Srgewembqrhggp@es)m ce (n =
endot oxin- chal | epged ;S uﬁEﬁ ) hﬁ% ged
wld-type mce treat eld \%St %Hnﬁé T%)ngc?ta%v%ﬁ %@ pr g&ﬁgélﬁml ﬁ el |ﬁtga nalﬁ/l<886
(n= 8), and béddlowxio thecthd hing (QBRIALQRHAJ-Stryipetesrhftos 1dfr resitedn Wdhbiuﬁ :
CYysLT, -recept [ .an | 571. 0l vs. aI in al I enged
wild-type mog “S“%Ekit@g%% "Y}E‘N( 5%2 %@M‘P@w iRt e ge?FF wit EDETAI LED
DESCRI PTI ONsalineldnkrdl) @b hadd) n = 7), endotoxin (endotoxin, closed bars; n = 6), or endotoxin

with 5 mg/kg L-NIL intraperitoneally (endotoxin with L-NIL (a selective NOS2

30 inhibitor), striped bar; n = 5) administered 3 hours after the endotoxin challenge. (*P <
0.05, endotoxin versus control; P < 0.01, wild-type versus NOS2-deficient; #P < 0.01

endotoxin + L-NIL versus endotoxin alone). Measurements were obtained following 1
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Met hods for safe and effective adninistration of NO by inhal atibf BEe @4
known in the art. See, e.g., Zapol, U S Patent No. 5,570,683; Zapol et

al., US. Patent No. 5,904,938; Frostell et al., 1991, Circulation
83:2038-2047. NO for inhalation is available commercially (I NOmwmxTM | NO
Therapeutics, Inc., Cinton, NJ). In the present 20 invention,- NO

i nhal ation preferably is in accordance with established nedical practice. A

sui tabl e st aidut Mer dRSGGIGuAtRE oh@eﬁﬂﬂh@ir%ﬁ%ﬁﬂnb&)h@b%ﬁ&'%@ BNopm  See,
e.g., | NOraxTM p acka%e i nsert (www. I not herapeutics wever, dosage

can vary, e.%sus FitheHt Q). Badetaxan @e@eqsﬁﬁqusmmpwdmfm REowgenaybloedndi t i on
of the pati t factors
that the t r?ﬁwﬁgﬂﬁﬁﬁéﬁﬁiﬁ%ﬁ%&* S 5bs. BEL A S e AP R P et

ef fective dqselongdundhhalnenl of #oppar NOy endatoxinkiecated W32 - defitiestmive nthosaegkl

enpirically, ni,strati o b mre ced, at 20 t hen decreased
gr adual I%y un}fouT 88‘?”1%3‘(‘3810“8?&06%? ?dt% elggd’fgg% ai?“%é‘@ﬂ%d an

i nsuf fi ci enttrdatell ashﬂdyldﬁﬁﬁc S@n@%@tﬁ&Nmy d@ﬁcxbtﬂ ﬁﬁmednmrt?;maicé Yreblngl

vasodi | at or effectlveness i s observed. Such adjustment of dosage is routine

for those of404m NO;fer Qwuﬁﬁ?tam%m%%m%{@é‘*dtﬁFﬂtt“Ff‘eP“ﬂiF@@é}h‘?b%ﬂqvﬁ@%t| on is
that in many ¢A8es AREUSIRE d therapeutic out cone
at an NO dosageéeoe\ée%mgﬁglﬁh?%gt reﬁdjl red &ulrgwl\%ug%?‘&el&gdm ni stered alone. In
addition, it -g FIG. &is@hGtogn® srmymaxizingwesulis fram expdradcats iNGsurmg plorshengeher e

| d t i . Q. i th. ti i Nnj , t |1
or eser it 1 ot Sratf bR Bt BT P NERG A nyry.
Anti - ROS Agaidasiieatk: SRSTbRSIGROBIPV)) G & ad figatredD di cal
(gzl) hydrggen peraox):pggwwmary ndb?ﬁe&h dr o‘;(yl ragfc???ﬂ?%ﬁ@ﬁ@ﬁzreg e
herein, " antPiereislieppenpvith s %X%?FJ%ﬁBﬁ% vesssalinpehplimeed miceh itNict i on of

reactive OXWGRMGEBQEd BendRbxikohalfRh d?eﬁ%ﬂg@éeatéd viith Sdo%)g/?% HPLEAS&sud th,
reactive oxygen speci es, once produ Nurmrerous to anti-ROS agents usef ul

in the pr es amfregt Pi%m—@&léenzc@m@) Btawpl Pangrke GRD.OR@Bswgelines i ncl ude:
N-acet yl. cystcg%ﬁpe% % T al l opurinol, ascorbic acid (vitamn O,
bilirubin PE ARG d, cat aI ase, PEG catal ase, catechin, cerul oplasm
copper di i sd{mwd:ﬁ&ﬁneqwm ntrap@fi@icabadinl Graies vt aimeltandbusBi wisll endemxingbsel en,
EUK- 8, FeT P, FETPPS, 15 glucocorticoids, gl utathione, NMTBAP, MTWYP,
sel enonet hi Was campletely |PEFéer&?ds‘ﬂ1§f1%P§‘§“n'F’E@%§95 shiepdrad ikl Se

Taxifol in. absleckid 8hebridd/hyaREE SFHAR R RLSxiirkIQPLOYEHibARulag) OF 1or e
anti-ROS agents are enployed'in conbination. A preferred anti-ROS agents is
N- acet yI cystegfigtexipiudieaeadmiceloey, Napa, CA)) which is commercially

avai abhe 11 Stehide UL Wbl HrabRe oM APk sl B AL RS 20

measurements before and during LMBO with and without transient left pulmonary artery

- (LPA) occlusion. Effects of unilateral alveolar hypoxia induced by LMBO on central
hemodynamics before (a) and during LMBO (b and ¢) are portrayed. Total alveolar
collapse occurred about 1 minute after LMBO. Continuous recordings of mean flow

25 through the right pulmonary artery (QRPA), mean pulmonary artery pressure {PPA),
mean systemic arterial pressure (PSA), and mean airway pressure (PALV) in a saline-
treated wild-type mouse at baseline and after LMBO. To assess blood flow distribution
between the right and left pulmonary arteries, the left pulmonary artery was transiently
occluded, at which point QRPA = QPA (see a and ¢). The difference of QPA - QRPA

30 equals QLPA. Measurements were taken at baseline and 5 minutes after LMBQO. Arrows

indicate occlusion (90 seconds) and release of the left pulmonary artery.




20 aerosol mist, e.g., using a conventional nebulizer. Some anfi>BRBS 3@#nts
al so scavenge peroxynitrite, a toxic reactive nitrogen- species produced by
the reaction of NO with superoxide. Scavenging reactive nitrogen species
may reduce, partially prevent or conpletely prevent NO inhal ati on-rel ated

I npai rment of HPV and | oss of pul nonary vasodilatory responsiveness to NO

I nhal ation. 25 Dosage and route of adm nistration of the anti-ROS agents)

wil | depend on t h&GPRIA isGlgr smﬁ%\%an&mhgys&cenﬁmlﬁoﬂ?ﬁb%& 86\ ity e dosages

and routes of adm nistration for the various anti-ROS agents are known in
the art. Seeleftergght lmxﬂsaef»:ﬂeéh}'slmmemm fluPRREnt i@icraspleads (Fhemmacol ogy
2000, &old L pedia_ (htt (of0) &om: - E or
vendor's pacigg ﬂ'ssérltlﬁaneo Sn}eé%ué?nrleg’ac’hﬁﬁpﬂﬁ&agn{etrrl om nggoé?'y?%l% ei ne,
avail abl e coaraﬁx;msaéd@sﬂ%frd\z’hm&lo\ﬂd'% n@hi@&lﬂ_luh@_d%rc aﬁnsﬁewrm L-20TM
Swtablerou es of 3 Dt~ ~=!'~4 admnlstratlonfgr

N- acet yl%y st E}Ie-Heptet wild- tﬂ?"aﬂ“"e r“ec?)aNOter‘i]éedﬂ‘Pstérﬂe%@F Befwren theg mefhofsivenous.

U trasonic o(rrzsgrg\; tional nebulizers may be used to adm nister
Nacetyl cystei ne. eﬁgl ecause N-acetyl-cysteine reacts with certain materials,
e.g., iron, coppéilG H}Bdlsﬂméﬁhovanglrepldﬁtofgipenmntnebwellszhnequln}QMt t hat

cones in conﬁoq)%re\é\gu}em{\lgg %%)I m@ H!ﬁgertg( ﬁde ﬁﬁ{ﬁbasuc or glass.)

Exenpl ary dosage Teginens e i'nctude, but are

not limted ﬁ@tedtvhm-t&pé hiveing 5). Zlbﬂmﬂmoﬂa‘ny areegy fiewn (QUIRK) wa/rkegsurdd ydar ut ed i n
200 M of DSW over nute f ol | owed diluted in 500 m
of DSW Bver ?faﬂlféb“’tm ﬁ"nﬂ?ﬂ?@ WeRp Qea?rf‘tﬁ‘?gﬂ n%ﬁ"“%)ééa‘ thtrasgeRfy over 16
hours. 10 48dimikion bf{ﬂlsﬁiféfﬁﬁ' ver v @ €@ 03, Yobe liffet8drskfibabelme). N DSW over 1
hour, followed four hours after initiation of the |oading dose by the first

of 12 doses of 76:Iﬁ‘g¥qggis Peraplilingtrating ehangeninphgalpft lupg pylupnpy veseulasr  a t ot al

d f 980 Ay
hga(ra.ONebul [ za |on u5| ng)d‘ﬁx?{Tai J'E)@Eﬁslél o e‘ﬂ'ollﬁgg&fgrﬁrﬁfﬂrg g%%’%?rghyd&ﬁgul ts and

15 adol escenype mﬁ:eIJO—m \biueQﬁl%esm-bssedmhmar régreRdnolf albfatd b@ntk@s%ﬁhﬂ ution
every 6-8 hours C@H 3 a.lOf 20% sol ution, or 6-10 m of the 10%
sol uti of everlﬂipe%“@ 6flﬁ°§ Aaence Rtevals

FIG. 11 is a graph showing effects of regional hypoxia induced by LMBO on the
systemic arterial partial pressure of oxygen (PaQ,) in endotoxin-treated wild-type mice
(thick line) and endotoxin-treated NOS2-deficient mice (narrow line). Endotoxin was
administered 22 hours before study by an intraperitoneal injection of 10 mg/kg E. coli
20 endotoxin. Continuous recordings of PaO, were obtained with a Clark-type oxygen
electrode located in the aortic arch. Data are the mean of independent experiments with
wild-type mice (n = 5) and NOS2-deficient mice (n = 3).
FIG. 12 is a table of data from hemodynamic measurements. Hemodynamic
measurements were before LMBO (baseline) and 5 minutes after left lung hypoxia
25 (LMBO) in wild-type mice (NOS2 +/+) and NOS2-deficient mice (NOS2 -/-) challenged
with saline (control) or endotoxin (endotoxin} 22 hours before hemodynamic
experiments, and with and without inhalation of 40 ppm NO in air for 22 hours (as
measured 1 hour after discontinuation of NO inhalation). HR = heart rate {min™), Psa =
mean systemic arterial pressure (mmHg), Pra = mean pulmonary artery pressure (mimHg),
30 QPA = flow through right pulmonary artery during left pulmonary artery occlusion (ul x
min” x g bw), Qrea = flow through right pulmonary artery (ul x min™ x g™ bw), Qea =
flow through left pulmonary artery (ul x min” x g bw), QLra/Qra = ratio of flow through
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Infants: 1-2 m of 20%solution, or 2-4 m of the 10% sol uti on ey di§C 8%
hours. Nebulization using tent or croupette: Adults and children: A
sufficient volume of 10% or 20% solution to provide a heavy mst, up to 300
m may be required. 20 Oral or rectal dosage for children: 5-30 ml of the
10% sol ution given 3-6 tinmes per day, e.g., 10 ml four tines per day.
Preferably, adm nistration of the anti-ROS agent is commenced concurrently

wi th NO i nhat@pilginiiabtérgtd Aow tlﬁ%ﬁ@&%ﬁ?%a@&t arteR}nrg @Rhsiad NI strati on
wi || depend on the agent enpl oyed an uration of the NO inhalation. 25
Leukot ri ene Hiaenesr arfesiacstusioan 8 vakues 2 basehmabefire EMAQYrEsPIparedt i ve

compounds Nl 6 ehiup R NABHAL 112 HEUKPEMERSon LENBALALENGS AhgduGe al I er gi c

and i nflamatory ti'ons simlar to those o tam ne. onic acid
i s convert ecatlogroepuicoANDdHewith a pyst hivecoarphiison (8 < 803JPl< pokyenadel (SLO) and
the SLO.acti Vatiﬁ%g%e?t ein (FLAP). Leukotriene A4 is rapidly converted to

| eukot ri’ene Vﬁgfuf and to | eukotriene C4 (LTC4). LTC4, in turn, is

converted to | euloGri3aseBisiogratl sibdiariaing di4 fiomldr@drimdntsCoh thé TRBRRAuded E4,
also - to 1 5 DEC 20C referred to as cysteinyl |eukotrienes, interact

Wi th CysLTl Beepseyletbung pulmangwysasoutar tesistanesdied BYRYin salipgechalispgedpyibe ker
nmeans a co : ; 3 L 1-nhihi BN R L ' =y Losynt hetic
pat hway; or 2 2) Ilc% i b?)t’ gé%‘SSE%%e?iéégﬁeﬁ(? ?E‘ng?dép‘ a?:flln ggﬁﬁgﬁtpﬁlg;agﬂ%rlg@of

| eukot ri ene Wldblykemicei(ne8hdedotoomchdlighged 5 LOSlcKiGeht (AFR) niigs; eldotogil-ect i ve and

|1 ti | k i t . St. fi LATE;
et oo chlifnk EHUSELRE R FRRR AR o AOSR e whRid i MO TR o
R oT MG S R B o B

- , - X , nal ukKkast,, ODI | UKas edanm ne - an
ZD2138. In 331%@7%@60 i%grﬁ%mo‘fs- sakBe-shallengcr wild-tyrganiss: #BeT $01 vy Rastolps s

bl ockers ar th[méay@ﬁd_'g@eﬁg&bi nation. Preferred | eukotriene 1o bl ockers are
nont el ukast (SING JLAIR~, a selective and orally active |eukotriene
receptor antagonist; zafirlukast (ACCOLATE~, a selective and conpetitive

receptor antagoni st of | eukotr pETarPED(dEsSCrREONUKOtriene E, (LTD,); and
zileuton (ZYFLO~, an orally active inhibitor of SLO Dosage and route of

admi ni '%r at iNP Iekalatipe | eukot ri ene bl ocker(s) will depend on
Methods for safe and effective administration of NO by inhalation are well known

in the art. Ses, e.g., Zapol, U.S. Patent No. 5,570,683; Zapol et al., U.S. Patent No.
5,904,938; Frostell et al., 1991, Circulation 83:2038-2047. NO for inhalation is available
commercially (INOmax™, INO Therapeutics, Inc., Clinton, NJ). In the present
20 invention, NO inhalation preferably is in accordance with established medical practice.
A suitable starting dosage for NO administered by inhalation is 20 ppm. See, ¢.g.,
INOmax™ package insert (www.inotherapeutics.com). However, dosage can vary, e.g.,
from 0.1 ppm to 100 ppm, depending on the age and condition of the patient, the disease
or disorder being treated, and other factors that the treating physician may deem relevant.
25 Preferably, the lowest effective dose is inhaled. To arrive at the lowest effective dosage
empirically, administration can be commenced at 20 ppm and then decreased gradually
until vasodilator efficacy is lost. Where 20 ppm is deemed an insufficient inhaled dose,
NQ dosage may be increased gradually until vasodilator effectiveness is observed. Such
adjustment of dosage is routine for those of skill in the art. An advantage of the present
30 invention is that in many cases it enables achievement of a desired therapeutic outcome at

an NO dosage lower than that required if NO were administered alone. In addition, it
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i 5 the particular agents) enployed. Safe and effective dosag@s5 ;Qrgcri: 3t es
of adm nistration for the various | eukohi ene Mockers are known in the art.
See, e.g., Physician's Desk Reference (PDR) or vendor's package inserts.
For exanple, the preferred dosage of zafirlukast (ACCOLATE~ in adult humans
is 20 ng, twice daily, taken orally in tablet form In another exanple, the
preferred dosage of nontel ukast (SINGULAIR) in adult 20 humans is 10 ng,
once daily, hakawoloahd Mhiley NEtBbnsk Yhede @ﬁ@&@ﬁ@e&cﬁr othEHidR @%r@&n on of the
| eukotri ene Mocker is conrenced concurrently with the initiation of NO

i nhal ati on. TRiQRpRIIEY. or dmatallpw peespveticuef thededpanss despitt the piderdss e&pend on

t he agent ergg{nﬁ){]g%@ the duration of the NO inhalation. 25 Pul nonary
Injury Wil e I'nverntion can be utilized advantageously during NO

inhal ation therapy in general, it is particularly useful for inproving

oxygenatl on wi th acute pul nonary injury, including acute
respi ratory %’i‘nt &r%edsg ‘g\?ndrome CARDS) . Exanpl es of acute pul nonary injury

i nclude: diffuse ReudtiveRAyden ispecRS TROS) ihdudk the Mipkkide Eb’dibhﬁ(@z@' hyd&sgehungal ) ;
aspiration (e. gﬁiﬁg astric contents) water in cases of near drownl ng,

meconi um i'n RYEH 2)> 30f g hardiognl radical (s Asrved herdin, dprtisRO8 agent” chl or i ne

i ronary edins ¢ E5aRnt Lef s ARBRTL R RS B SRR BB e

dext r opr opowy%egm)z e..mgndly azacio with, ataciiye ekygen t;pzsc(ee, ofjce privdifced f Numaerbad n) ;

Syt om 81 Ll IER talvardit ¥ Reso P At eh e KRG BEPCPES S Eor

hypot ensi on ifcthdeng shock") in associ atl on wWith systemc reaction to
processes initiated outside_the |ung grammegative septicem a,

henon- hagi ¢ Nrasrorexsteine Qlucesilfiopljapury: 1%‘3 cbis @¢ifl EviaminE), dilsdin sajfeic and
post -t raumatgefy, bd¢gkel PR 'E:Malhél%a‘t@hfﬁgcénﬂggaéﬁp Q%ﬂ#ﬁ{' 8&0@%0?%95111‘:%1@1{35 pl antati on,
eunonect oy

cardlopulnonary bypass Tung | hjury, ost’ ul'honary edena.
| npai r ed HP\deferQ)iafﬁhE mﬁvlawdélmfhyhm ¢helem tHLH0-8 AFed MIERYPUFETRAS, r educi ng,

pai £ rion e bR Mo R B e Rt AR B e | ow bl oo

oxygenat i on &W@H@)upebﬂiid%mmfasaa‘akﬂmr@ﬁtd&dwﬂm Bl nesofielembodimep@t i ent
reduced Ievel s of oxynetric saturation, change in mental] status, neurol ogic

dysf uncti on, HsﬁsabYFé\BomE\&%ﬂgﬁ@%{ﬁ&%@ﬁ&gﬁ%ypémm?ﬁ mgomBmatien. ¢ PEfredi st i ng
t5 inpai rrre%ulﬁbﬁ\énéswﬂrlw&y@ﬁ%ﬁam@imﬁ% in’ré}%yég‘i’ﬁkﬁ‘mg n. Diagnosis

of inpairment or reduction in HPV is wthin or in the art.
Pati ents at comglerdially ayaiabledp sterile sgﬁttwmﬁa%rqwéﬁ%) gritablederdthiabationfs 8PV i ncl ude

patientg w aerog(ﬁ%gtr S.gpgsrhpat I‘%ﬁ%ﬂ &OP%HS uiLla%ot ential lung inflammation. Lung

i nfl ammati on can ar h as pneunpbnia or acute

respiratory di st 8ems asj-ROSQgEnts Ad dcapakd pdoFerReSloxienestvd dirdfen! nhal ati on
The met hods- of .the jnventjon are uyseful ftor reducing, partially preventing

or conpl et elSYFYE 9y thosactisn °B§pﬁﬁ‘ﬂhwe’9§§6d$qa&?'&“§g TRSEPOREPSEness to

‘NO i nhal at i @pecids @8y réduch PafRRApévRSODnIPAAY Yreb &R ROShNSRESSIaled NO Means an
inability of NO to 25 increase oxygenation or to decrease pul nonary

arterial prdspaifeent pfFV agl leasofpulmonabi Yasedjlatory reronsivgesspaNQ inbilatie. r educed
car di ageout put. aplofu bl (A Bl HER o RO ket SAR Gl e UER 2N

anasarca. Patien sk for 1o0ss I'nona ory

responsi ven epamcular sgam(s) Iembaayecb mafdmﬂduﬁectpaﬂbﬁgémmrddﬁessﬁ B&mihiskaibrpfat | ent s
i | ammation. 3o _Lung_infl anpation can arise from

with a pote | aI
condi tions ﬁ%e‘%ﬁ%?ﬁe&tséfe ioindn hedpi et 68y FarsidisresLeskfietraice
(PDR®) Clinical Pharmacology 2000, Gold Standard Multimedia

(hitp://cp.gsm_com/fromcpo.asp),
30 or vendor’s package inserts.
A preferred anti-ROS agent is N-acetylcysteine, available commercially as

MUCOMYST™, MUCOSIL-10™ , and MUCOSIL-20™, Suitable routes of
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-12 '~ ? D E C 2004 EXPERI MENTAL | NFORVATI ON Exanple 1: Ant i1 h@%g@f@%s
and | npai rnment of Pul nonary Vascul ar Responsi veness to NO Experi nent al

evi dence was obtai ned denonstrating that scavengers of reactive 5 oxygen
and reactive nitrogen species prevent the inpairnment of pul nonary vascul ar
responsi veness to NO i nhal ati on by endot oxi n-chal | enged m ce. These
experinments were perforned by using NOS2-deficient mce, in which prol onged
NO i nhal at i ofindiIgedtioR For™-hdityidysRie MRtk Bral, Rl SiLRIFEAE AKrdsbl,@hdier t han NO
inpairs the ability of the pul'nonary vascul ature to vasodilate in response
t 0 subsequenftayenoysh diltzEsprn or asyHansl nehwdizers may INorsed & gdatiaibta Non was

eval uated i r'ac-la@ﬂ:%&éiﬁg;j@%&{u%eglg%a%%h}?tﬁin%g&%ts Witﬁ%gﬂg@ﬁ fhafeligd e‘g.,.titbn}J‘lﬁﬁlf’-

Wld-type nmce'treate ours ore I'solat’ion”of |ungs
di spl ayed i npapereohdmashpn asy paenefsis: debuller ¢quipadent thatrcofnes o cotAdt. with N-

NOS2-deficient, mce tre d w.th_endotoxjn displayed noni npaired

r esponsi-ven eaggtypgstw fl’r?.fajltﬁlﬁ’gf’?a&ﬁ Oféf‘s@c °2§If§s')yﬁ4e§‘ﬁ%b€°sﬁ$?8glg}?%§é§‘ to 20 ppm
NO for 16 houdetgichaéine gmucokal™pmcRile, bUNE8 ndliniHeays thetoivinai red ~ s _
responsi veness to NO 1 nhal ation. NOS2 deficient mce treated with endotoxin

and exposed to 2@%dsut Koegisen185hwerks [Y(dilyted e 200 mirfi3W) 9ves pomsivesness to

NO i nhal at i %I,Qéﬁz Ao | m [V} l{;ne
i nst ead of ﬁl é)‘f%)d%yn@arﬁ xp%dgg%h%ﬁ%m g"gﬁ%@‘%"g%’é&fgﬁbgb@% p aryed
noni npai r ed (ddwpbimslitfemeSDFW) bi@ril6hatrati on. In wild-type mice treated with

N acetyl yst of ndbrercl) et HREREP bl S A et d0E  Rlpaiefca

i mpai rment  aburReRGASH MRRGGEofiRe NEAAHERL BY tHR Tirst Uf BL&IsYd omsﬁ%i%w prevent ed
the inpai rnment of pul nonary vascul ar responsiveness to NO inhalation in

endot oxi nchdfileed kd PR eyase 4 hpws g adeirkdoseniOBe meds: Kohidepafibs 4 (FI G
6) . The expgi : in FIG 5 denonstrated that

responsi veneggpﬁgﬁﬁnoléé%ﬁnm?vg??g%rMS preserved in endot oxin-chal | enged
wil d-type m ce tNebuledtion asingihaamtsy| ot peaer ribleogaper ddmeutad resul ts

shown in FIG I ndi e e e i smresponsible for the protective
ef f ect 1§f Naggggf%ﬂ%y%ﬁpﬁg%%soﬁ%{ons?r %%&#ﬁ%@@ﬁ'ﬂlo{lcﬁvﬂsﬁg f on of
endot oxi n- i nChikies: BEIATA0% sbikian, @x Pr109diodthe 10%BisbRE6n angy dBheiksal s 30 These
i nvestigati g{g’% wer e approved by the Subconm ttee for Research Aninmal Care

G

of the Mass Sel-t e AYP splutiens pr 3-4mm! ofthe 4P solytioreveptierfhowsl e i ce

wei ghi ng 2035 g sl M0l ed i o ; :] rein.
NGB0 el of ent -t earRhsRR oo LGl MR Bk BR G, QR SHREE
81: 641- 650) e er 290 osplutiod tdygrovire a Weavly niikts tyetn 300/nt mapbe telquirglane backgr ound

(FlI -gengration of,the rental .strains 2 d 7 Bl.ack/ 6 r e used as
W1 0 yiBe i ce (VRN PR e i ghrdg SHUR) oPS 1 BmSo GlAY KV pL Ty
Perfused, andrdsné.il ad et fdvibtimes penagivbdel M ce were killed by 5

i ntraperitoneal injection ofpentobarbital sodium (200 ng/ kg body wei ght)
and placed in a % TRl mjﬂﬁgﬁaf’% R AHHRES b ssommepeategagrentnyitls 2™ 1
Type 839; Hugoinhakisn BitRKER, Obhktiod SFafil ROKSEALHRhistSRE ARV depend ¥ the achea
was isolated and intubated, and the lungs were ventilated with 21% O-, 6%
C02 and 73%@gpntgsipleyedandslugaiien ebihe N6 inbalatioant i | at or (nodel 687; Harvard
Appar atys, South Natick, MA) at a ventilatory rate of 85 to breaths/mn and
2 cm H20 end-expiratory pressure. The tidal volune was adjusted to provide
a peak i nspilremkotrienpBbskerr e of 10 cm H20 t hroughout each study. The |ungs
the aor L1 copul moHEHPEET W4 B PO LY o A e PORBReRIAGRE I | nt o
the right veafkobwée LehltRridiel ?ie&@erexénagic%a iR SR @R siMiftoanskar Nl ess
steel cannula (1L nmID) via the 15 rl(ght ventricle. The pul nonary venous
ef fl uent wadisgringedraghidonic anidissprusediodetkouignn it iy the antiont @)5-pl aced t hr ough
t he apey of fl g t [ I ne i nt,0 | ef t

atri um%Lef Ilbggyl‘%eg%sg {)értggsahgg%\%?%%?aﬁngﬁﬁ%ﬁn Q’%Lévﬁmegbl%t eﬁlﬁ%‘s‘l l\':7\/;e'allagﬂlberf used
at a const arbnédreduo Bikorriene Bl gL TBandved Igtiitotriene TdLTC4) LTdMdein tRegiso- Anal ogue

roll er punp; Laboratori unst echni rthej ndf el d rmany) with a
non-recir cuI"S’t’Y‘"ﬁtﬁ‘5 Bewko e&?ﬁe@f &?ﬁ%‘%‘; &#“&s&f‘:‘l‘\ﬁs’&f %&?T%nﬁ%“ Bal anced
Salt Solution (G bcoBRL, G and Island, IVI~ containing 1.26 mM Cad z, 5. 33
mM KCl, 0.44 mM KF3zP0" 0.50 mM Mgd Z, -@041 nmM MgSO' 138.0 mM NaCl, 4.0 nM
NaHCO' 0.3 nM NazHP04, and 5.6 nM gl ucose. Bovi ne serum al bum n, 5% and
dextran, 5% (both from Sigma Chemical Co., St. Louis, M), were added to
the perfusate to prevent pul nonary edema, 25 in the isolated, perfused, and
ventilated rat lung, essentially as described in Hol zmann et




al ., 1996, Am J. Physiol. 271:L981-1L986. Indonethacin, 30 nM (g §rEC 2004
Chemcal Co.), and 1 mM L-NAME (Sigma Chemcal Co.) were added to the
perfusate to inhibit endogenous prostaglandin and NO synt hesi s,
respectively. Sodium bi carbonate was added to adjust the perfusate pHto
7.34-7.43. 30 Lungs were included in this study if they had a honbgenous
whi t e appearance w thout signs of henostasis or atel ectasis and showed a
stabl e perf usfebd era%ﬁ&ﬁylIi&ﬁﬁm@ﬂi@ﬁnﬂe&cmfigcg'mlraﬁd Cbﬁﬁ%&%w‘i Agn of an
initial 10-m n baseline perfusion period. Usin a SEC 2au~ these two
criteria, appebidreint dqujotrisns jeckerimeaps emmumb%st f(Hophibisgcdstepr oty wer e

di scar ded bEi&BJo%eﬁé b‘ﬂé! tlﬂiL EBP@%V ]pﬁzlt)?r%l}fntg 'i%ﬁétﬂeﬂae rg eéﬁ}acqi@ u'Jne aﬁ fe! al
pressure were measure & ViRt EArT e rane sure trans rs
(Argon, At heﬁshqukaﬁé):na:lﬂmkerstnmﬂhdeo nam&-lulkest pSMGthIIRﬁHvIErck nklectiveand omuyf | ow

cannul ae, respect . Al rwa s si n
di ffgr e%t i alacheelg‘lék\t/? F%ﬁ@ﬂi%’\t-ﬁ% ?écg@i@ﬁi@ ‘gﬁﬁ"gﬁ'ij?ﬁ% S%ﬁﬁivﬁeerl ng
Corp., Nort fvepﬁt&aem@&)en@maaﬁsﬁae&gmsﬂ aﬁedtmweb@mbﬂoun&alwﬁwpef ore the Y

pi ece. Pressure transducers were connected to a bi onedi cal lifier

(Hew ett PadRiEbigrpf 6uB). prnligostMENAYL, MERTP 16MiKa880e BA Yixd Qs GE’GI @-St,150 Hz on a
| |
persomal O el SR O SISy it LAKSHAGRA NS Rl

cal i brat ed etwreleaadtienebjpekérsramempleged NCombinatiai Iwaerré‘dGhtgmmeﬁBOO or 80 ppm

- NOin nitro Al rco S bIende Oxygen Bl ender; Bird
Cor por af’i an’?‘fsgffﬁ]a@d?? %‘ @Wﬁnﬁﬁmﬁ“w@ﬁ% Hé%&%gﬁ’é&m&ﬁﬁe nitrogen to

achi eve a f iragptoe oRgLMisE; aﬁmikastf(Az@%LmE@ﬁ%oS@%vem tifivie rék@pior €d NO

concentration. NO and hi gher_oxidative states of NO ( ; CLD 700 AL; Eco

Physi cs, Di iapiigest °§W"l<%e?nea¥hd}mo%1@ﬁk0¢we%ﬂ%htaﬂ%ﬁﬂe@@nﬁim-@%n
Tenmecul a, CA}.or c&@JM&t&'o@gme (Datex CO2 nonitor; Puritan-Bennett
Corpration, Los Angeles, CA) concentrations were moni tored cont i nuously.
Pul rmnary Pascul aosamspabmt; af edthi@istratical cfttheoleukatriene blonlf;an(ebwylsiawaidam de 20

e aoa8® iRl B e i ands v ket R oW S Piiation

|'i pepol ysacahethé dficpt RBkotBbdetlockab afedinowh @Sthe bt 8@ &.g., MhykictlinssDdsked i n
saline 16 h before isolated |ung Eerfusi on. This tinme point was chosen
based on pr d\&aee SRR OE vendor spaskaeiinesirdion cxample, the prefomed dessgepf physi ol |

271:1981- L9§§ﬁr1ul&@(h@@(ﬁ$l"ﬁ®gﬂx atdﬁi?glgggﬂl #eﬁ%e?? de G balddh 81%11? ﬁft‘iﬁ@t as 2s

controls. After an initral 1 usi on peri od,  pul monary
vasoconst ri defmn Fmsothmbaerenlebtxe pofetred devage ofmﬁthmastdﬂb{mm@bnwnhne AZ

I . Th f
i ustdll to ratn RARk PRERA T e OB WMot 5 06 b, Them, @

dose- Ir esponse cu lﬂ)ﬁerhlﬂy,l aﬂhﬁhﬂﬂtnmﬂm lgﬁlbitﬁéﬂaeﬂbcbgf 13a>n&ﬁﬂidaﬂctdnanlrn1rk@nﬂ¥r ]
ventilating t ungs. W an m NO f or mn each. After eac
period of w131éh? }nll"}i’PP’bet NPH@abAw vidwratien \Aeﬂfown? Blecken2dymiskahggvalino

el evat ed basgpdnd®n tié ag@ﬁje%ﬂld}w&kﬂﬁe Hﬁ&lJne;E%dN@Eﬁﬂlahfmthe PAP was not
within a range of + 10% of 'the pre -1 00z NO value at 5 mn

after discontinuation of NO inhal ation. The vasodl | at or response to inhaled

NO ( PAR) wa t he change in PAP produced by inhal ed NO ( PAP
after 25m n%ﬁ%%qﬂ%@g“ on m nus PAP pre-NO as a percentage of the

i ncrease in PAP Widiedkoinbantibh &mGESti(iRARdpaneaghlinsty during RAFnAilationi thérahy

baseline). 5 Effect. .of NO Expos on Pul monary Vascul ar ponse to
| nhal ed NO rf‘bﬁ?““'{i‘i ?arBF“Iﬁ‘ihE‘é“eﬁ'll g’éfrﬂ%rﬂ‘“?@" Jlien amypatipps W‘tﬁ@:\‘gegr oup of

wi l d-type mpaRnaaf; B, gfcﬁld&g%@ut@'%&rég@fﬁl'd%&r‘éﬁtsyﬁﬁr&ﬁe S) H klog oM th 50

ngl kg Ilpopolysaccharlde i ntraperitoneally |nned|ate bef ore exposure.
Addi ti onal wWr¥tepelneearirfunidsdertst idiffusepulmonary dnfeaion (mereraékp@seai to

i nhal atjon %ﬁgﬂﬁy&pﬁﬁﬁ)ﬁ'@b? gastnc contents, water in cases of near drowning, meconium in

neonates); inhalation of toxins and irritants (e.g., chlorine gas, NO, smoke, ozone, high

concentrations of oxygen); narcotic overdose pulmonary edema (e.g., heroin, methodone,
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~ o |ipopol ysaccharide. After 1 G h of NO exposure, the |ungsvieDE(l €60t ed
and perfused as described previously. Pul nobnary vasoconstriction was

i nduced by infusion of U46619, and the vasodil ator response to 0.4, 4, and
40 ppm NO was neasured. During anbi ent-pressure NO exposure, aninmals were
mai ntai ned in 40-1 acrylic chanmbers. NO and NOx concentrations were
controlled carefully using soda linez2 at a i5 high fresh gas flow rate of
NO (10, 000 i i on Al L L0 I i - d oxygen, as
previously gfggagrh?g’eﬁx?étée@ggﬁmg@&g . ar%gg%g%ﬂi&%%g)nﬂ al.m% v additional
groups of NOSmwheldgsi respenssite boshantigens (egt, €sbodpastare’s yodromy systethimrlips (50

/Tcg int | | dernd et b d tg 0 2 and i.nhal at i on,
aspocti vel b 0088 dndBer by REF Wb Pors it (RSO o

measuri ng zoaskdeatios giith @ysdémip tdabiuiats yrocaseihitiafed ontsigs odwgRde By end, 4, and
40 ppm i nhal ed NO were Elerfor med. Wet-to-Dry, Lung Weight Ratio At the end
of each “expelEARGSePUSENR. hrRydiasie panciRatiig amniofs fluidembplisns dat epbelisme ci sed

and wei ghed {nW9bstipluiiid und Eﬁ/@%ﬁﬁmg %g'c(ohwgﬁ, lﬁ\?grt?anggl?rﬁgioinn a m crowave

oven for 60 mn, as previou describ Hol zmanmm et al., 25 supra), and

t hen rewei ghalignpimonse ypass. lungdinjuns ankd gost-preympneéctymy pulinpesy edena. cal cul at ed
by dividing the wet weight by the dry weight. Statistical Analysis Al data
are expressed as the nean + standard error (SE). To conpare groups, a

t wo- way anallnspadredfHRAAr i ance was perforned. Wien significant differences
wer e det ected by .,anal ysi s variance, a st .hqc |l egst significant

di fferefice 30 test® ¥hoﬂ§ %ﬁﬁ%w"%&?ﬁ&ﬁ%ﬁ}&%\méu%%aaf@yawwp%% or

W ndows; St adoipldtely bRRéenting WERnaldoh-relpled bhdilteal inSI10N1 ibSAIGE e¥iRghaSSuUNed
at a P val ue ?0. O%b -16 _g T5DE C 2004 Resul ts | nf USI_I on of eU4_6 19 caused
a stabl e i ndrpasaenifin HRY ipghpledow hlopd axygenatiop éhyipaxemie), whisiicambs iotlicated

reversible [ il 9 e of the exper] t. The
dose of Mngfgbqélee%gozggp@e C)}%aﬁ%ergée}%ggs 'thﬁlge'w%p %ﬁﬁl@o{)‘f Chéng?r'ﬁg eaiaga %Bf’ differ
i n 5 | i popolnessiagivadyisfhactpmedyspadactictanatdianhd Rgdotsision.| Syrhptp@s 6 existing

NOS2- def.i ci ent _nice. e injected wth intraperitoneal |jpgpolysaccharide
had pi | Ger ecfPBH? rgi“h%ﬁé%ﬁmdﬁﬁgorf"éf%&’wﬂ’t36“*&1[1)%3? AR AP 35108 TPATRSE

Wi | d-type ang rddabZordeHrsi 8 RithiH G@inarf RRINTRIHeaki ty rate 16 h after

| i popol ysaccharide injection was approximately 15% and did not differ
between the two AU sl fos developgepi Afimpairmentergedictien FEENG nslideo NO

| nhal ation | i X ll\gi P. e nt..oanner in
al | groups. ﬂéﬁ%{@%&?% pgltst ra a?%gtg % g%q’g{epg%ﬁ)@ é%%%@ﬁ'e%%%}ﬂgﬁwe "Eltrlréap;suri ng
pul monary arcaeaysefronssanditiofAlh aepneimahie ni adute rppirktosi disirepy gadore) and | ef t
atrial pressure (LAP) in an isolated-perfused |lung of an untreated

w | d-type nouse. The stabl e thronboxane AZ anal og U46619 was infused to

i ncrease PARnipaired Wespfonsivendd¥idNO IuRgatiorer € ventilated with varying
concentrations of NO gas (0.4) 4.0, and 40 ppm .for S minutes each. After
ventilation with R@nﬁg@dw%@ﬁmﬁ%a{e usglpl fprsdigings prtiallyorreeentingon o t he
pre-NO | eyelcpm};fb?é}ep{efe%ﬂh%ﬁ)sgﬂ;gﬁﬂﬁ&f Gasddiory fegbo'nﬁ%lﬁgsetgw%%ﬁ@&.l ungs of
a nouse, it is feasible to neasure pul nonary “artery pressure, to 1 nduce

st abl e pul ndwas 9of primononesediatonorespoasisiertess to dmeans ah imabilisy gf NO to

vasoconstriction by ventilation 20 with | ow concentr at,i ons. of s. In
Uhe i sabar ediisine tiitoh o2l dpitades by e Preatice (bpE it of mabhty
| i popol ysacebhasdréhee AR inchidg eeduf2ARafiee oapstehd Hite mad 46, bRSétin a§ €SPONse to

0.4 and 4 p@nnh | ed NO, respectively, conpared with untreated animals (P
< 0.001; FI &ockagdempiad gagssfmary vasodi | at or response to 40 ppm NO di d not

differ between t %ﬁ{e‘, 4 i eat ed
NOS2- defi ci ent mbggﬁaﬁﬁﬁgﬁ)rgigfé?@r%&?ro ta%ﬁc}(da%?ﬂﬁé?)rng%dg t\t/Jvi (?j-type m ce.
| n contr ast nHalatigs inghida patisdisfwitirepsipmd phtystoeitos paentiohlahg flgmehation.
NOSZ-d%Pici e F}}fﬁgmsﬁ wedagirfe ter vasodi|atation to inhal ed .NO than the
lungs of |ipopolySacehar Faeres BAP SAURI SPGA e PRIROIIZOT 4 BERIY each NO
dose; FIG 2BMresspridromer, NO-i nduced vasodil ati on was enhanced in

| i popol ysaccharide-treated NOS2 30 deficient mce, conpared with untreated
NCS- 2deficient or wild-type mce (P < 0.05, respectively, at each NO dose;

FIG 2B). _ 17
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J DEG cn~4 Data presented in FIG 2A shows that endotoxin-challiénpgC 2004
inpaired the ability of wwld-type mce to dilate their pul m)nary

vascul ature in response to ventilation with 0.4 and 40 ppm NO (*P<0.00l).
Data presented in FIG 2B shows that endotoxin-challenge did not inpair the
pul ronary vasodi | ator response to inhaled NO Rather, endotoxin augnented
the ability of the pul nonary vascul ature of NOS2-deficient mce to dilate
in response to ventilation VEMMEN%ALW(@‘{R%NO (j'P<0.05). The

pul nonary vasodil ator response to inhaled NO was greater in

endot oxi n- cEdangNged ANEIEOS aféntd Al Inpatiendnan i N endot oxi n-chal | enged

W | d-type mor@ulmidirly ¥ddoularRésphidiveliesyds R0l ar Response to NO After NO
I nhal ati on Exposure To ~ o investigate the role of nolecular NOin the

devel opnent of hysBerEagméh syidense wes etiaingd demeastutingihat sgavesgawofaepctive

e Yl o S G i e o0

i nhal ati on eﬂqposaweaea;htmNﬁbhhzdattoa ﬂ)ybhrbtmmspiﬂﬂmgftém ThesesursaguEVdry

i nhal ed NO i erf t d f t
NoSa. dof 1 o EREOMUDS Sping NS BnTaCe bl SR oleatd Ho el R e ype mice.

I n contrast,with: AUbERAIMGacYPROGH($)JHRE tha SO0 N@aﬂ e Mdity o &euinidh
decreased in |ipopol ysacchari de-pretreated 2deficient mce exposed to

anbi ent  NO f'@FcupBITR 0 aeprilatedraipanpe idsHbspeakNedrtlation. Responsiveness to NO
| i popolpysac fused
i popol GRRNAdE wak gJaﬁLm?ctdqg isbiked: (‘E% lo§ hﬁgée Igﬁpg%%re n%fﬁhéx’;ﬁ?éﬁﬁ%tﬂfg‘?@ u

| ungs from NOS2-deficient mce exp h, the
subsequent Widdbipk aticr tr@dvethpodgoxie hé hsuﬂ; befdi®idoldtiah af noge dispdayedpai r ed

after pretreat t with |i isaccharide, (v reat d.c ntr I at 0.4
(pap - 24+ BT resPoi e S REMBRIRIE b, Mo W R s ey o o
-58 + 4% P end@ofh dilsplafﬂddtnohﬁﬁpaﬁ'&d AeEponEimngl té‘ﬂMhal&ﬁm"(Ff@@m Wi-typeS% P =
not significant; FIG lar to animals without previous NO inhalation
exposure, NEUFheRpessd 1o a@wm fop k6 heres beforg dsolptippyof lungs displayed nonimpaired

| i popolgsacghahrs I r reated
w | d- ty1pe mtgz% tﬁ?%%ﬁgﬁgﬁ%ﬁ}gg gggggtﬁ?& tm&%ﬁrlegﬁﬁwggfeg?oet&%%g per f usi on

experi ment s sgpis@l o0, ppaf N@ﬁomkﬁﬂogng@labdﬁd mﬂamsima)onsmssaﬂ NG iohaiticenged

NOS2- def i ci s _responsive.tao er.m inhal ati o than
were. Now2- ddF G PhrRORFagiGHE ForlBRRRE R Sl B S kR o8

0.05). Sim It@ﬁ(l) ypm ™A for 10 halrodigsial Wnosixipaised respoddiveness to NO inhalation. In

| i popol ysacchﬁri de- gﬁet reate %/gé)l d-type mce were | ess responsive to
short-term BIRSSE TEpeE F, ;cgrwqaaer{ggﬁ@ffﬁaggetopgggen&pgm,t,rggenr eceive

i pOpO'zwsaC%B&Eéscﬁﬁclﬁ&Hgﬁ &e@ﬁéysteﬂé‘%ﬁl‘%} @P%ﬁﬁéﬂ%ﬁﬁr@i}%ﬁ@?ﬁtﬁéﬂa%@ that
pr ol onged breat hi ng of does not inpair -
prevented 1mpa1rment of responsxveness to NO inhaiation. N~acetyl -cysteine prevented

the impairment of pulmonary vascular responsiveness to NO inhalation in endotoxin-
challenged wild-type mice despite prolonged NO inhalation (FIG. 6).
The experimental results shown in FIG. 5 demonstrated that responsiveness to NO
25 inhalation was preserved in endotoxin-challenged wild-type mice treated with N-acetyl-
cysteine. The experimental results shown in FIG, 6 indicated that the mechanism
responsible for the protective effect of N-acetylcysteine was not simply attributable to
suppression of endotoxin-induced pulmonary NOS2 expression.
Methods and Materials
30 These investigations were approved by the Subcommittee for Research Animal
Care of the Massachusetts General hospital. A total of 78 adult male mice weighing 20-
35 g were studied, as listed in table 1 and outlined herein. NOS2-deficient mice
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~ 5 D E C 2C64 the pul nonary vasodil ator response to subseqyuénpEgeddl4l ation
wth NOin untreated wildtype or NOS2-deficient mce. In contrast,

prol onged breathing of 20 ppm NO nmarkedly inpaired the pul nonary

vasodi | at or response to subsequent ventilation with NO in

endot oxi n- chal | enged NOS2-deficient mce (conpare with data presented in
FIG 2B). To determ ne whether the inhalation of a |ower |evel of NO for 16

h woul d i ”pacMacMﬁ?&{gee’%ﬁf.,i 19b3 te?l%l%ﬁP-%a%vg{rggﬂé?g{sdéﬁﬂfb@ﬁaﬁ Rafidh | D 4#NI

perfusion, |ipopolysaccharidetreated m ce were exposed to
0.2 and 2 pphs M@ bablegraind §Rl-g@eativmofthe PargntydsiaihiCs VIR0 ahd 57 Blacki6) were

| i popol ysacchari de.;adm ni stratio i use. uent

hypor es ponsiuv%&n%ss“s’11 P %Wé%et(ﬁfce?yﬁqiaﬂhlgpg?@ ijfl?’l\'ﬁég?@gfi cient mce.
However, to breatifulaed, Lefindi et Vektiided Moalechagandel REcewasSORilE@bPr response
to 0.4 ppm NO i nhal ati gn,, coppared with the response in control mce (P <

0.05; FPG 4nirapg@iongs) ingefion gipenipbprhital sedivm §200mmalk g prdyyveéehbrand plagehiagy  edema

was confir ° 0 - i | ©8). ) rf usi on.
Ther oowas NG s P ERRaGEthaBle A 0T nee M LB S0 1 b O e e

(wet wei ght -Elekronki, Ylerch-HuggtetterQ Geimany}l T 082 vaeisoiziedand {piubgted, d1) ni ce,

| d- 6 + 0 NOS2 def i ci 46 + 0.1
M ce. ExposarolbE VR Py S visre h o Hee O o M e el y | ung.

wei ght rat i onfilatok (relabb37s HekhErApderafis S3cuaeN @itk \WIAY att aRatilatbryPrate J¥83 ) and
NOS2deficient (5.1 + &.2 m.ce or in untreated wld-type (4.5 + 0.3) and
unt r eat'@d ug;anth ¢ oL epdgxpiraforypregsure: obhs Adalyolimevaddissd iy i ce.

Vet -to-dry | dANEHER finshBdtd19 redrSb el 0 HAP I RIBER eihlshhal Neny ARG AL O
response toljiﬂ%al e%l NOn.Sf)Eftflg?tr 01llr N Acet yf cystegi neeWe I n%esti ga?éeig whet her

scavengi ng c¥pesed¥irianeidivestmmetoppcing g lighteure Wasplesapd arpunddhee (NAC) prevent ed
the inpair : \; L r [ .gtion in
endot ox n- oRarecpuindfey BB, ARERC bRt TEHRRRR bR R DB 0"
coli A 1:B4hdRffmofddy amprk gras cqanylatedivith wetlindss 28el aghmulai(s imald)osa the nor nal
saline gr NAC (150.ng/ i.p.) imediately, and 3.5 hours |ater =5).

Addi 11 ol | GRITERINE ik YA crueat ot e e B PES RO B o NO
for 16 hour g1 R USEHIAdeN GFolihtR dpeRbALE R AL 38Ess AOMitE AL Aldapko16 hours
after endotoxin challenge. Lungs frommnmce treated with saline al one and

br eat hi ng r dbseRiafivae rheiptriad pessusoitsTadintainad-at @) mmHg| FangsrwerpesBsehaer i cti on
was i nduced 0gi:| at 1 .and 40
ppm NO by i ﬁﬁ%{tﬁ}tﬁéﬁ?ﬁgl %%SOUP gg?@@dg%léi’lla %t%cﬁﬁﬁ%ﬁ@ﬁzg%%ﬁgcgﬁggﬁaﬁd, 4.0 and
40 ppm NO i fLabordtotriomistestmilaGinbHgWelrthdimeMowaifeld, (S rmarnyy whth B nbn G004 1 3%

4310% _and 53=8% pectivel cqnpa t hat i n_control. m (p<0.001
Vs. c(z) r ol )Sys(tﬁ?og %’?E ﬁﬁe B%Yﬁls%/tsgfe,%r&paﬁ%ﬁg]ﬁsg&f@“ﬁf‘éﬁﬁ%@fi%@b‘gg%ﬁl@

i nhal ati on iGraed RN YICdadalnfizaezh mveeadl) £83 sl ¥iCh ho MMk rot ogoffer from
that in control mce (75t 14% 103 t 15% and 91 7% respectively (p<0.001

vs. LPS) (Fme MeCl.RedlyaMdlgife t33.9 mMISG!, # A ataH6 b3 mi Na.Hids®dved in
endot oxi n- chygy xlnﬁfﬁiﬁgose.%iﬁcr éﬂﬁx‘?ﬁbﬁ%ﬁ%%}zﬂﬁ%@ﬂra&%%%oth from Sigma

Chemical Co., St. Louis, MO), were added to the perfusate to prevent pulmonary edema,

25 in the isolated, perfused, and ventilated rat lung, essentially as described in Holzmann et
al,, 1996, Am. J. Physiol. 271:0L981-1.986. Indomethacin, 30 mM (Sigma Chemical Co.),
and 1 mM L-NAME (Sigma Chemical Co.) were added to the perfusate to inhibit
endogenous prostaglandin and NO synthesis, respectively. Sodium bicarbonate was
added to adjust the perfusate pH to 7.34-7.43.

30 Lungs were included in this study if they had a homogenous white appearance
without signs of hemostasis or atelectasis and showed a stable perfusion pressure less than

10 mmHg during the second 5 min of an initial 10-min baseline perfusion period. Using
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ppm NO. This indicated that NAC did not preserve responsivengds(}f6 alilte NO
i nhal ati on by preventing the endot oxin-induced increase in pul nonary NO

| evel s. These results denonstrated the effectiveness of NAC (a scavenger of
reacti ve oxygen species) in preventing endotoxin-induced inpairnent of
responsi veness to NO inhal ation. 10 Exanple 2: HPV and Scavengers of
Reactive Oxygen Speci es Experinental evidence was obtai ned denonstrating
that scavenggsss v critERE hppFExiX LIRS Pt it e Al R¥AS rorh BehigfRpiwepent of 3PV

i n endot oxi n-chal |l enged mce. To 15 i1nvestigate the role for NOS2 in

endot oxi n- i riigeded befpraisiudent of HPV, we conpared ability of to redistribute
pul monary bl ood fte eft L nstr ronchus. oc i L in
wi |l d-type mce afgg%ﬁlg%%%&v&r?sﬁurg@:o gagﬁl%? ﬁ%adg?ssgfee‘ﬁgghggsuﬁ?&% JXE‘(%' t hese
experi ment s,fillse ntbmbedne padside Matsduters(M3oh okleds, T doanatddave dideiport of tRyyal uat e
the inmpact aof _endotoxin on I-1PV in intact mce. 20 The results shown in

FIG 7 dermor8#aerdrutinst canppes.cerpecscly AERSPRPBTRETRY B PFHEHSTE DI ood
flow anay frembha feaed tntdblr dndig Mi843.63.52C hadayre ]ﬁ?ﬂ@é}ﬁa%'%g).,c hange in
the ratio of left l'ung blood flowto total |ung bl'ood Tlow (Q.Pn/ QPA

rati o). EnddVasthridges k&) icenngeted torbe thspirateay kimbt justbefereithenY pfecgy iressvrar y bl ood

flow redistr] i t i LAt m.Ge (* . eg%% Xin
ver sus cont rt%aﬁ%&g%?wﬁ%tc%%&%@ %8&?%?% rz#' Bflnﬁeé éﬁ?’g{%t{ Eacz(mgl_ 7g%B’ver sﬁ%

W | d-type niMAa), andaath werdedondedtat B0 Haonof peksohdllcompetaansingdnaldog-eddigitdlon i n
LMBO- i nduced pul nonary. bl ood flow redistributiqon (#P < 0.01 versus

endot oxPch AP PRTG St et AeaHIsHiPRsieE (AR atRstuRpepts, APy Gy de

i nhal ation GfstdR wab BaidEdtedRARt Bach RxfdhigRhed NOS2-deficient m ce showed the
sane | oss of HPV as di d endot oxi nchallenged wild-type mce (P < 0.05 NO

versus wit hout NEpr Ninhalption D ges(§eiomOFPra0 denifregamndired, dbureghidlilli | d- t ype
. br oat hi . AR
e str but ooy BRI akadiPHS CofbHiR S Sha AL bhsen, ¢ o

di scont i nui regrbdiOdiorida) aatl ndroger tveshievessfilal sonséromtivhal 210410y, 6%s€,, pnd thenary NO

| evel s due to .e oxi n-induc expressi on or._due_{o ' | ation are
r equi re% to eﬂff’gi%% coyigentrafion C“'\gﬁéherﬁg\ﬁiaté‘fetsgar‘eséﬁﬁ% @é}(&cmfﬂg ot oxi n.
However) pr dcoPgsicsC P! Switrlhit), (es@dHRMoI VR AdnhidD difiiBh STcalceme, ar e
insufficient _to 1nmpair HPV (as neasured 1 hour _after discontinuation of NO

i nhal at i on) .CAdeansisarbon dicgrideXBatex FER moniser; PdtaBangt Gorpratine: baefegeles) of t

pul monary v L i i response to LMBO a neasure of
HPV. HPV m?@%ﬁeﬁggiﬁ%ﬁﬁeﬁﬁ-tygg o%n’ﬁ?:égm!(': al l enged with endotoxin (FIG 8).
HPV was pr eser ve&@ulmonendGisolenihpdrsenddd inknizgon efeatlgdpolyidacidrideet yl cyst ei ne

at 500 | k ut t .1 50 nmo/ k [t eritoneal .admnistratio .

o1 il ¢ doouyeee HPiae sk NAsY eRBeR T e KD lon el win
endot oXi n- ci5alm@rgesly et Es@akiana vt 011 BE41Bopaysacchueqgersobifkot h ~ 0
super oxi de, _hydrogen_peroxi de, and peroxynitrite. Fromthe above
exper i ment s IieorrtaY Detieit. Middmseleqd; ie sdine 6 pbefordsdaedivag perfusipn. This
endot oxi n- | R WEP BldsHPOePln BENousfhudld id ARIEbRNAL LNR! 1996axANGeT S of
reactive oxygen specles prevented I npalrnent of HPV In

endot.oxi n- c F&p4iengB.I8MLIB6). Vimrenicd &ili Y8 an8 NOS25leSirntl mineserafl agvi dence
supportzgd trégseo conclusions: (1) in wld-type mce LMBO increased pul nonary
vascul ar reS|I§tfell?1ce (PVR) in the left lung, but 22 hours after endotoxin
chal | enge LMBO i adigesdinitiaf 10-hintshssl s pE@RnPefibd, pOlnvRaryi vaRRbfiektineds i n
endot oxi n-cha| | enged NOS2-deficient mce not exposed to NO LMBO induced
left |ung vARBcesht sontinyoys inflasion pfithes Bombatane &, amalog Y4661 9{(Cayman

endot oxi n- ¢ ke GRBEAnNORR: MRl TheBusi rifb G sa%metg FRideQ B iheLdspr 22
hours, LMBO-induced left lung vasoconstriction was iprrpal red (FIG 7); (4)
prol onged N PARaf o7 @mnelg rikhed; adasetespampacurvd-PintialediN@ evas ¢ieaidd by (5)

N-acet yl cystei ne.qr EUK-8 eyvented i npair t V. in

endot oxssj n-c ﬁg ‘ﬂegthaglé’ d el\%%mﬁfltai-g%%lémgﬁ ks Q‘ﬁ’l%a"wppgholgol(}% 3 W%sAﬁgt eaf}h‘pai red
i n endot oxi petdibdi D gadilaiohtthy PAP Was elldwedad ftinitd the POl srysbaeiR. and
exposed to i? m.NO .For 22 hours._ z5 Methods and Materials After
institution -4*%8%%1?11W@P&&J%@%&%Wﬁ%ﬂ%@%mﬁéﬁmwﬁﬁf%% ttee
on Research Animal Care, we studied SV129/B6F1 w | d-type m ce

(FlI -generation progeny of SV 129 and €%- BL/6 mce) and S V 129 w |l d-type
m ce (The Jackson Laboratory, Bar Harbor, Mine, USA), as well as
NOS2-deficient mce with a SV129 and 30 C57BL/ 6 hybrid background

(MacM cking et al., 1995, Cell 81:641-650)(provided by C. Nathan, Conell
University, New York, NY). In supplenental studies, NOS2-deficient mce
(18), backcrossed 10 generations onto a C57BL/ 6 background (C57BL/6 -21




1 a pEG ~~~4 Nos2tn Lau, N10-backcross generation; The JacksbA B&hot®tory),
and wi |l d-type C57BL/ 6 were studi ed. Experinental groups matched for ani mal
age, body weight, and sex were used. Male and fermale mce with an age range
of 2-5 nont hs, weighing 18-30 g, were studied. 5 Goup 1. controls. SV
129B6F 1 wild-type mice (n = 5), SV 129 wild-type nice (n =.7), and
NOS2-deficient mice (n = 7) received an intraperitoneal injection of 0.2 ni

sal i ne and fm,clg
SVI20B6RT i YO e e B8l BOFLENGHRien, ARIGLLA IERLE,

NOS2- def i ci einhaled H@ ((\BAE) B)s mesgedasibié dang@in lﬁ’aﬂ?rmocamdaby inhded IéﬁéPABnge Wit h

an |ntraper|t neal. Gtion of .1 cheri ch 11B4 ot oxin
i ssol ved | rir S i SEAikPafim? e AFINBE S pestilloBe SR el PP 03 D
C57BL/6|\I0$2t1ﬂﬂlloadlbmJGt%6(l9l(P3\R3bremﬂurﬁf(sﬂd!?%dmﬁ&lbﬁ%bﬂﬁr&) after a chal I enge with
an intraperitoneal (éfectl on of 10 kg .endot oxi n dissolved in

. m.
sal i ne. % oup 3: “&er¥ & @W‘F‘@ﬁ?’éﬁ”’moﬂawrfl‘_’m‘@' Yespoyisde {nhgted N )]/:Blér m ce (n =
) Were 15 | GhGelopshildUiRAT0LBAGR) K 1h! Bnd olTBbl@iiE ok alie A B¢ _endot oxi n

di ssolved in O saline. Thre ours aft e endotoxin chall enge, m ce
were treat eogrown ¢f NOSJ-defBientphicg weretinjzgted with f miglkg lipspalyiacchander e per f or med

2 o e oS R R Kl AR BB, 7 o
earlier), th&ﬁaemrmcé EORPNSEre Epoadtl tb N0 ialARDISviloLtgcedfind g/ kg L- NI L 20
i apeld t o BAPORFEBAE A0S 16HAING SaosEs s nen ISR BTIREE i vel y
i nhi bi t NOSZje8&1ed bf‘e)hohﬂyVPMﬁlohﬂy Q%@&ﬁm@@dﬁbzﬁs 1H<iucledi‘f7} ﬁﬁl%'o@%éﬁ@hwar tz et
al., 1997, J. din. Invest. 100:439-448). G oup 4: prolonged exposure to 4

or 40 ppm NGnd$: vagedilpiopespanssly 01429, 3d|48 pppO was megsured. 5) and
NOS2- def t . h 25 d
were studied 1 noningApRiontp el SRl MG § fe el e dgs B =° "

Wi | d-type nichembers,=NG)and ND, NaiE2nteteibhwea tomiotied {anefulybysidy sedd eef” diG ppm NO

inair for 22 hours after c e Wth / k ndotoxin.. .

i ntrapeldit oﬁlé%tl g?ﬁliléﬁﬁﬁ% Fe %fNé ﬁﬁﬂ)ﬂf PHFS‘LN&&? ‘?&Pgeg‘r g Q[#HHONJ)O?H-’NO

i nhal ati on. aﬁd@k}éeﬁ%'pr&%@l}ﬂﬁgdﬂ% Tteum-l%eal(,nsogs 4&»1 Diggatahed 4 ppmof NOin
air for 22 hours after chal "'enge wi ngl kg endot oxi n |ntraper|toneally

30 and were st udil®e addilienst Wéﬁfﬂﬁ§%é¢ﬂ¢%mqewf®‘remwlﬂhaI ation. Goup 5

et or o and Ao Pag RBE Y o qkk BEERERpelT g HOLARSRR RN ) | ¢

D E C 2004 NaBlatibef iespeetinelyri Siatednrhours3jter?Boled Ilmlgqutfeﬁiomdnwdlésmm}mnngt h 10

ng/ kg endotoxin intraperitoneall %‘ SessSef con bef ore
and durkng. LBy 6PUR s R ora ot €8 3 Pl REO et T o en
mce (n = 4)peZdmi@urs after challenge with 10 rrg/ kg endot oxin
|ntraper|toneally In saline-treated SV 129 wild-type 5 mce, Pa02 (n = 4)

and Pv02 (n = 4) RgrteDyx LnedleigeiRotie At adof Wh@mnlﬂﬂﬁé?fhé@?&s:r ol

condi ti ons, é%lhﬁﬁg‘inlér RhbeRles GRd Jac%ﬂgc?a:ﬂ %1‘39& Rt @’%Qregﬁergﬂé IEP?@W
vascul ar response"to increasing doses of | veno angiotensin [F. SV
129B6F1 wi | dvérg geiednin @enitropateavenifdri60 eniolas previougly descﬁ):ecui[{omrtahn sdline (n =
3) were studled 22 hours aft r t he. toEx rinmental 0 ration.
W co webe. adiEihapr DB ByRees s Fieb i dtet o it B R ek BV BB, g g
body wei ght HymMﬁlmgTHeaﬁélmsgﬁle?/thaﬂ@\a&g}ﬁrl al catheterization were perforned
as descri bed previousl (St eudel et al., 1997, GCrc. Res. 81:34-41)

cust ommade endot SEeisEed 4p b%‘@iz@aﬁfg‘i’x@@&@ﬁ%@éé@e@ﬂ’“ﬂa@ﬁﬁﬁ%ﬁ(ﬁﬁbﬂ%care
Systens, Sangdymadldt . aﬁgﬂg apterial

enbol i zati on %:ﬁgt het e '(Aggétw 5&&?@8’5%&1{;&?2%2 %E@E@rwg%&ﬁcg |nforn| a, USA)
was i nser t edlifferenres weretdetzctiod by anaiytsls of aiabed, h pott /ibé paamgniﬁearﬁdg’&mnye cat heter

it ook K et R AT e (e G b RS e B S, 1o,

a peak i nspiQK}). @tptisfts sigHitRanet whsasiithé®A) a Fanathea QORI ti ve end expiratory
pressure | evel of 23 cm H20. A right parastenal thoracotony was perforned,

and a small -vessel ultrasonic
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zo flow probe (1RB; Transonic Instrunents, |thaca, NY) was .g ﬁg (gund
the right pulnonary artery and fixed in position using a m ni puI at or
(X-tra Hand; Techni Tool, Plynmouth, PA). A 4-0 silk suture was positioned
around the left main pulinonary artery to allow transient vascul ar
occlusion. A pulinonary artery catheter (PE1O) was inserted into the main
pul monary artery by direct puncture. In other z5 experinents, a | ower
thoracic aortic fgeauusprobe was placed as reported previously (Steudel et
al., supra). In sone studies) the pul nonary vein draining the right mddle
| obe was punct ur éﬁfuﬂplﬂﬁfH"@O%Cﬁée(metablemwe@t@ﬂletP@ﬁPFE&@m%tmjfusﬁﬁd secur ed
wth a mcro {€ e

parti al presfsiéudr’gv% ﬂ&%@&?s;ﬂlg%%ﬁ s uﬂ%%lfﬁggl)fat %Aa?ﬁtﬁg gl%g%l %irlggraphl C
Cl ark-type Rigge efMﬁﬂ@dmesmjmﬁctﬁsﬁhvaBdes ol 6 mrilg did@dSGEfeah| schaft fi xer

nmedi zi ni_ sch ent.echni k, Kiel n ed. intp the aortic
ar clhzi/i :'f thghpc?ﬁ&éfﬁ“&‘agg? IBWeatéF’oanﬂé‘&g n@‘ﬁf@yﬁﬁml\%@%& ’§1§':E}F'€‘°8f oxygenI in
the -23  ~ 5 0 BMie KféctedRHin Mtoédl ﬁﬁ%o(ﬂc@ﬂe%g@plfdeﬁb@ﬁoﬂ/ afathéLcul ar

outflow tract was punctured, and the oxygen el ectrode was advanced into the
pul nonary arangdgthargy O siTBilks Segres ia bot Wi HP@@M:M@S? -defigient micceTheach

Cxper e oy Ale RIPUERln BRRSAUA ol SRR e Ghrl ARG 180 Gh g igest hes @

was nai ntai ne i'ntraper azine 5
(0.01 nog/g Mfeﬂbwi\mnﬂmﬂwommkastmhmaperr t oneal pancur oni um (0. 002 ng/ g bw)

added t roduce scl e i on. | ow res e. Nneas rerrent S.
Mean sygt gm c ar ﬂ’?‘g’l‘"‘yp’? "Sf‘ﬁgﬂfo ﬁﬁ@&w’%r ?\lglf‘f’é"ﬁﬂ?nafﬂrgr%?“ﬁ?s@g
(PPA), and iPABDIEIoSE- eﬁ@enﬂn&mei/\ﬁlraﬂ g’i&g&%' FIPYSE ¥ APy i @@leprb%brnﬂwe

bi onedi cal anplifiers (Hewl ett Packard 8805C, Palo Alto, CA; Sienens 10
Sirecust 96CFXPERIRARIEFSasuRng PuliAeRHY REwE PresieT RAPs cabvalant o ACEUsioPITsIRE) and

ht I | fl
or abes. conneabade s preptOILART PrpEEEpPRASHLER o BB MNRRT! (o

experi nents, mtbusﬁt Theestablg thronzhoxsrdianalsg D66 O pras Sfuned tovasreme XAt i h a

1.4 Fr. MII ahter Th t heter ,was adva ced rou t right
carotid artery {L ST n?lla\/egrwlﬁ‘@fyéng%’ﬁe sgaéﬁg‘f" 4%49‘9(?
transferred gpm)dsr SBrﬂﬁthl edch: Aifgh veatilaGONWeaR N@’wasdjléé&lxtﬁﬁﬁ@cﬂ PP WasGUEREL €1
screen, and recorded at 640 Hz using a data acquisition system SDI 220;

Dat aq | nst r REYS to ke peiNeylgvel nTlES?)@F‘gfé HSIPO’BSEFH% thabrin isplatedrpsriised fyngg
equi pnent  Vas aGiduksd 'iﬁﬁ %sxi?l@ftd)ﬁlgasﬁéﬁnp Td(l)'t’éfégﬁessrgef Egﬁ?@é 4l MEAsur ement

of left and right pulnonary artery sess t 0 contrl buti on of
QRPA and | efwlrpmambwawgpnamtmnyaﬂdltowd(lcg_lﬂlxronaw vase@hstictiondiyaventilaianer y | ow
(QPA) , 2{Drans\;“eht O§S° Héat?orﬁs&%’ seconds) of the left pulnmonary artery (Q.PA)
was per or med. n]ﬂfélf uring acu @Teft pul nonary artery occl usi on was

consi dered to be Iﬁﬂéxs(olatﬁrperﬁlﬁ?erddm oowu@uyp)enﬁmihearnaeivaﬁted closely (r2 =
0.88; y = 0.95x + QLPA_was cal cul ated as the

Qi T ror tnce BbRRERotapde Dalsagh HAK fecar Tavamg 250 lawwmws‘r 4 oPA)
and QRPA Wi tRnAnRAtERD, Je§lebivy, BRAGH Wit ﬁrteéa&@ f"“act. Odna;%rﬁé; 2Apsol ute

val ues of respective flows weré recorded, I Stribution
of flow to thhe prllng:maryambduleﬁot resmtO(mm@mmdn@wm)thmsrocas cul at ed.

QPA was,.ass e of the
| ef t 3%5pul géoeﬁ ry ar{ﬁgm%l%eg @sasg\cgfggg%f] %“{'%‘esrt H‘Pﬁlgnupper
extrem ti es uaneatédeildapd midee in bRBKEL Bdgsﬁibtdix’ibﬁ ﬂoﬁv@"opbllsrwcalﬁrﬁe«am’lrcaged

Mor eover, addi second flo robe -24 ' 04 |ncre ses the
i kel i hood %jégffi lenbr&cglggcgvegf %ﬁ?ﬁ’llz}tat?i“i‘ema’?]e‘% ﬁ@ glungsef i ncreases
surgical tr arﬁﬁfolm@!chaﬁ&eeﬁ@atéd@g}]dﬂr?p@ﬁrm < 0901 laBdah RO s qq{;aﬁB)hy poxi a. To

i nduce regiona al veol ar hypoxia, the 1left nainstem

br onchus vvaéVI@TéQ‘@F N %@uw@m@wlqmm@hme@umﬂmly@mmmgm@ NOSs2-
30 deficient mice, compared with untreated NOS-2deficient or wild-type mice (P < 0.05,

respectively, at each NO dose; FIG. 2B).
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5 catheter into the | eft mainstem bronchus and inflati ng t he {balDEdord8 p
under visual control. Conplete collapse of the left lung was visually
observed within about a mnute and confirned by transient overinflation of
the right lung. PPA PSA, and QRPA were continuously neasured during LMBO.
In sonme experinments, the collapsed left lung was reinflated with 5% CQOZ in
N2 to a peak airway pressure of 30 cm H20. QLPA was to neasured before and
5 mnutes after LR,

angiotensin Il (0.05, re%e%{éd% ?53 2 Sﬁ&g% % wﬁgg}?l&#hﬂiﬁﬂg ﬁ@?’é@‘%g@ﬁ‘?n sterile
normal sal i nwildwspe miesf tosidate licir nuh'aonamaussaﬂaturenmasponattheer&ﬂatmamnty0a41

i nfusion pu ( unn ut h. Nat i PLA, PPA,
ban g oo TRE O o i 6L TDARREGSh H 2B B gt srgsront ol
NO. M ce wer ¢id hoviggeir ke phRstad) yayokRids thpuiked ishiabed SRitReadebxat al .
supra) where they breathed sgont neously for 22 hours at an inspired oxygen

a
fractior (Fi %}lﬁ;ﬂ%ﬁeﬂ ghezbilify efifherpnlmpparkwnsgelatate of bTQ&%éieﬁﬁgw.mfa% wrdjlagds

m xture. Af t Qirda¥PBSHtlatidhviith OVE 1S ald £15D) 'ﬂﬂmﬂﬁ nd breat hed
air during the i nduct 1 o?llof anest hesi a. E{I{eijéﬁfm 2 medsur enegnts were

obt ai ned 60 Yﬂswhlaé% r@b@rec tOQIOhaleﬂﬁOaWasgream infeedattrandoieatiengeDINOSgdeficient
measurement s, han vent at FiIG 1.0 wthout
suppl enent al™ a?arf ?@V\f %ﬂgﬁemlﬁ%ﬁkg@&&%asuremnt s. In

sal i ne-treated V\uhmﬂ&mnewmcalarﬂébpomé)o NOUfPNOThRiatfon BthbsaRe TY'S
measurenents, of fractional pul nonary bl ood flow distribution nmade_using

i nt ravelfous P¥sEES §016Pf‘F’P]|§6‘fl%V§%%H’£ the deyielopapentiof hynosgsaensiveness fad@nny et
al ., 1993, JinhARRIn; wk Elﬁ&h@ilpopzﬁlsgcléﬁéldg%% t%d Xﬂdtlﬂltljc‘ﬂgﬁlq g@ﬁ@ﬁé&'«%{t Bt Whi-r asoni ¢

f1 ow probes, as akeady described here. ore LMBO, 5 000 ored
m cr ospher eszPfl@m% eatiiedsphaipplomentad mthéﬁ ppm@ N(Zem‘ tah. FeyiensNOgi es Lt d.

vest Los Aok ion SosyBURPEALRL hd\edche Tineih LSRR RLAENG 0570 Tvoen- 80

surfactant to preve gregation dﬁlately

i nfused (ov qrerﬁiﬁbdslmegs mﬂ&)neﬂ fromugireste Bwild-tige bANOSBIdeficiend Ridesor ir\f t er

conpl etlon 3{ hléj ruég%t; %Qewgatheter was flushed wwth 0.1 nL saline.
After S°m nulPSEC¥FacH! 'P?F’TE%‘ Wildshee misee (R FoRFaticthe pumontry yasodilgier

m cr ospher esreﬁfonﬁe NG ﬁhﬁ&lon%‘%erea‘é@d fiRlpep aechﬁe@erﬂ,rtsﬂr&eq N@§- the |ungs
wer e harveste 25 E C 2004 and wei ghed separately. Tissue sanples

were anal yzelsficisht mige ezmomddia ewpisat MO darigths carsparsy Wlﬂnwnd?@@nmspd c anal ysis.

The fraction; ﬁ%olgéﬁ:c%ﬂﬁé:%‘ eH’Leﬁgcfil\Ibgg\é’eﬁc?enlE H&c‘tc rglsalagd ger? ngfr S

cal cul ated a o rl leres in

bot h | ungs. N@SZ-deﬁhlént mivelexpakd tm@&[fpﬁﬁ:itﬁdemﬂl\lojibf y@e tha wbse(qﬂem vﬁ@odllit&

confirmthat the.LMBO Sg 1ij(‘]ed r edi, StI’IE hl on of uI nonary bl ood fl ow was
i §

refl ectBd by PIPSIHEESAQ NG hglahon was impaied giier REgtisn “tr‘@'él? Upoppyeacelisidgi rect | y

measur ed QLRAs. Qufrédidl aoﬁem £04 (BPAPUSANTs 11O | bep 0p 05eRa 4GAKANENd
calculated the slo e and intercept of the left pulnonary artery

pressur e- f | dAPABI-aI% DHSIs.p-58 th e Rue 08 Yutmat 430 pamiN (AltATa¥fets B% wai t h

pent obar bi t g £, hi | ar
structures, adv%er%/eatcrl%eéélﬂ% %?ﬁg’% %ﬂﬁ% mﬁhaltsb’ﬁ{hm\lf\éﬂ 51@‘1(' erea?r?e t he
ti ssue was dxpemirs, NQaindueed ousmdidatiou svas fencedGn Hpowlye&phz&ﬁledﬁsmaﬂebeﬂd-

previ OL&%' y (typ ﬂncg' ncg)mg)evﬁtoguh treatet!l' wqg tyvl\ﬁtrr/ugg %at El‘)reat\ﬁlgcf 2(? ppm 2l wOa or ?6 h
before lung perfusion experiments (FIG. 3).

After prolonged NO exposure, endotoxin-challenged NOS2-deficient mice were
less responsive to short-term NO inhalation than were NOS2-deficient mice that did not
receive lipopolysaccharide (*P < 0.05). Similarly, after prolonged NO exposure,

30 lipopolysaccharide-pretreated wild-type mice were less responsive to short-term NO
inhalation than were wild-type mice that did not receive lipopolysacchexide (*P < 0.05).

These observations demonstrate that prolonged breathing of 20 ppm NO does not impair
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Statistical analysis. Changes of pulnonary blood flow are exprBgHell 2884t he
percent reduction of baseline blood flow. Differences between groups were
determ ned using a 2 15 way ANOVA. Wen significant differences were
detected by ANOVA, a post hoc Fisher's test was used (Statistics for

W ndows; Stat Soft ‘I nc. TuI sa, OK). A P value of less than 0.05 indicated a

significant di fference data are expressed as nean t SEM Results
Ef fects of ' assess
HPV i 20 Vi voﬁﬁ%ﬁ%%v%lﬁﬁ?d o BBl ViR PR w8, B
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elected to Qﬁ@étﬂﬂﬁ-chﬂ&n&dﬂfﬂlomd]ﬁieﬂ%ﬁé(%ﬁ?u&v(ltﬂ\@@pres‘éﬂi‘tbdlﬁ RGozBKed a
stabl e nodel of unilateral | unr%gecol | apse 5 Differenti al gul I ngnary bl ood

f1 ow wa8 measur edodetcnpise yhethes lﬂga}lﬁgm@ﬁamvtqr kexehof BGoplf bivopld IHPHEed
around the rv’t %ac%%@%ﬁ’teﬁﬁ al@tﬁbqtdhﬁﬁ yeﬁhsﬁ d, 1 P(’?fn'l)@ﬂ: H@dgﬁen the

right and le ung ‘was assessedey transi e occ
pul nonary artteeneébmzﬁﬁc@vﬁrﬂ@)wex‘élefﬁzse@t&mxﬁlﬁqmﬂ}d@nﬂmkanbmwmahmgac| ngs of

pul monary a nam urenents _hefore (FIG 9A), at the
initiation (@fdz lﬁ%&%{ @E@%)‘hp & s%“ﬁf‘ (AgEInlgiEatipn TH/@@ CREEOEHY t h and
Wi thout tr aﬂ@p@-@épohﬁfréneﬁlib FRYRENN dfHaRAWN(E PO SDa& citnt Alke. Flombedrent

occlusion of left pulnmnary artery flow did not produce any - 26 ~5DE
C 200 sfst el &H%gﬂlglﬂm for &% h deqrcaped thy vagagilator sesponse iy BN NGYse occur red

about 1 m N bh S MR 8RR AAREHIRAIP TR, Ficpw Lfr ough the ri ght

pulinonary artery ( , nean p I'nonary artery pressure (Pra), nean
systemc arteri aIanfcegsuEtezg(ngh)Ram;dThmeme pfmpnagsedgms wWapsonfirmied a

To assess bl inbed Wiay Rty Shendifin e Ry reral S mpdif?, o °

arteries, t hetweeh }lpMI)méﬁir%de@Eétlgﬁ&d gﬂﬂ-gtjip’eﬁ(%ﬂhm%m %Lfd@ﬁﬁ‘rklgﬁied.? +al, 2)%&8 h -
poi nt ee FlI A and FlI .. The difference o n_an n
Dol s T NI RS 0l e oA Pr e kb TR SRS Lo

Arrows i ndi RE&eR%4b Y. OMnibd GpeaRRRdN0 aidiafis BA5Gh fd rofiiter BIdWERARNY
artery. These represéntative tracings highlight the ability to lo néasure

pul monary bllergdveigidwatisis 3 Fopolysaseharide-piereatedwildréypritid & 0.1) and NOS2-
deficient (5.1 + 0.2) mice or in untreated wild-type (4.5 + 0.3) and untreated NOS2-

deficient (4.8 + 0.1) mice, compared with unexposed mice. Wet-to-dry lung weight ratios
20 did not correlate with the vasodilator response to inhaled NO.

Effect of N-Acetylcysteine We investigated whether scavenging of reactive
oxygen species with N—acety]cyste'ine (NAC) prevented the impairment of the pulmonary
vasodilatory response to NO inhalation in endotoxin-challenged mice. Wild-type mice
were treated with endotoxin (£. coii 011:B4-LPS, 50 mg/kg i.p.) followed by

25 administration of normal saline or NAC (150 mg/kg i.p.) immediately, and 3.5 hours later
{n=5). Additional endotoxin-challenged mice treated with NAC breathed 20 ppm NO for
16 hours.

Mouse lungs were isolated, perfused, and ventilated 16 hours after endotoxin

challenge. Lungs from mice treated with saline alone and breathing room air served as
30 controls (n=10). Pulmonary vasoconstriction was induced with U46619, and the
vasodilator response to 0.4, 4.0 and 40 ppm NO by inhalation was measured.

Vasodilation in response to 0.4, 4.0 and 40 ppm NO in endotoxin-challenged mice was
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FI GS. 10A-10C show the experimental approaches used to val i dite DEfe 28% hod
of neasuring pul nonary blood flow distribution in the nouse. FIG 10A shows
the correlation of percent pulnonary blood flowto the left or right |ung
assessed by intravenous injection of fluorescent mcrospheres (15 wmin

di aneter) and by t5 sinmultaneous neasurenment of Qean with an ultrasonic
flow probe. In the latter nethod, differential blood flow distribution
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m ce and for ] i .g ce . Fl 7 After LMBO,
the QLPA/ QD,&O ?\%tgo torggé}gﬁltggé:}db%yé%%%gsﬂ@ érzﬁulg EoeﬁP(r?%hgﬁl éign \E}\ﬁelrdluf%%g) PEe, and by
18t5%in 30 endotoxin treated wild typeasice. In contrast, LMBO reduced
QLPA/QPA by 50 t 7% in saline-treated NOS2-deficient mce and by 51t 6%in
endot oxi n-treated NOS2-deficient mce (FIG 7). There was no difference in
the response to endot oxi n between SV 129, -28 1 ~ DEC ~~~ SV129B6F1, or
C57BL/ 6 wild-type strains or between NOS2-deficient mce with




SV129/ B6F1- hybri d background and NOS2-deficient m ce backcr osseldgf[g;_r 1.'9384
generations on a C57BL/ 6 background (data not shown). Effect of en oq oxem a
on Pa02 and Pv02 during unilateral alveolar hypoxia. To determ ne whet her
the differences in LMBO i nduced pul nonary bl ood flow redistribution noted
in wld-type and NOS2-deficient mce after endotoxin challenge are
reflected by differences in LMBO i nduced changes in arterial oxygenation,
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(bef ore LNMBQrhaHénged micitebated with&N-aaetjdcysteis pesioinvgky, buadot €50 pBE. 34 t 4 and

43 t 7 nmmHg, .respectiyely,.n = 3.fqr both groups).. Prolonged Pharnmacol ogic
i bi ti on ofntieeRiongal PWWRHP&S Hiapsausle wliapligpiing HiOV Pl
phar macol ogi gretemfid?h &mfbxﬁ{-cﬂyﬁ&%e@ﬁ&%@{ey@@wﬁﬁ"éum,la@cmﬂ%rBz'r&ﬂh( n =25) were

injected intraperjtoneally with 10 ng/ kg endotoxin, and hours | ater were

t reat ed'Oi t hsupsiride,hydrageik perp¥ide: apdparexypidte] v) | a sel ective inhibitor of
NO52 activity. Thy - |2 NS . ick ease in
pul i nonary cGwW %égﬁ@é?og@%ﬁpg%énﬁ%‘@?ﬂf@%ﬁ }}-laﬁour s2 c%ﬁ %lg]ﬁc?éﬁﬁ%ctt%{}ﬁ N chal | enge
(dat a not shendnioxinHudured anpaitoieniod HHVOVIVs furtheefoubthalescavepgns afireetv®2 hour s
after the endotoxin .challenge. I.n end L N- expose ice treated with
LNIL, vie modSErLiere by R aneudn oY e bRa Baltrat S RagaPham cs
before LMBO (eragnpared with saline-treated or endotoxin-treated w | dtype

m ce. The reductign of C\%RA/ QPA was greater in endotoxin-challenged
wild-type mice trdnliags alievidence gyopoxigdhese gorglysipns:y e imyiddtype B sABO

Aot e phar ot ag: B mep i ESale Kol Rl (PUR) FREPRR e Ram B0 ot her
acut e i nhi bi ¢ridoteximfchhl®82e EMBOrinduestlilaft luyg vasgenmsirietoniR¢ intpairadp(2) WBO,
pul monary bl gn%gtoilzngcha]lglggd ﬁESZ-%%ent mice not exposed to NO, LMBO-induced left lung
vasoconstriction was unimpaired(FIG. 7); (3) in endotoxin-challenged NOS2-deficient
20 mice exposed to 40 ppm NO for 22 hours, LMBO-induced left lung vasoconstriction was
impaired (FIG. 7); (4) prolonged NO inhalation alone did not impair HPV in mice, (FIG.);
(5) N-acetylcysteine or EUK-8 prevented impairment of HPV in endotoxin-challenged
wild-type mice (FIG. 8); and (6) HPV was not impaired in endotoxin-challenged wild-
type mice treated with N-acetylcysteine and exposed to 20 ppm NO for 22 hours.
25 Methods and Materials
After institutional approval by the Massachusetts General Hospital Subcommittee
on Research Animal Care, we studied SV129/B6F1 wild-type mice (F1-generation
progeny of SV129 and C57 BL/6 mice) and SV129 wild-type mice (The Jackson
Laboratory, Bar Harbor, Maine, USA), as well as NOS2-deficient mice with a §V129 and
30 C57BL/6 hybrid background (MacMicking et al., 1995, Cell 81:641-650)(provided by C.
Nathan, Comnell University, New York, NY). In supplemental studies, NOS2-deficient

mice (18), backcrossed 10 generations onto a C57BL/6 background (C57BL/6-
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flow studies were performed in saline-treated and endot oxi n-tregﬁﬁ 200
w ld-type mce during which L-NIL (5 ng/kg intravenously) was a EsQéfé!H
after LMBO. In salinetreated wild-type mce (n =5), acute L-NL
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L-NIL; 56t 3%after L-NIL). All other 5 henodynam c paraneters did not
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di stribution neasured using ultrasonic flow probes at thoracotony were
closely correlated with nmeasurenents obbgi ned using intravenous injection
of fluorescent mcrospheres (see FIG 10A) and were simlar to those
reported by investigators studying |arge animal nodels (Dom no et al.)

1984, Anesthesi ol ogy 60:562-566; Sprague et al., 1992, Proc. 25 Natl. Acad.
Sci. USA 89:8711-8715. In wild-type mce 22 hours after an endotoxin
chal |l enge, we observed that the ability to redistribute pul nonary bl ood
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75 DE C 2004 It did not appear that the endotoxin-induced |rrpa|5r mg@t 2954
HPV was due to nonspecific dysfunction of the vasonotor contractil
apparatus because we found that the ability of angiotensin Il to
vasoconstrict the pul nonary vascul ature did not differ in

endot oxi n-chal | enged and saline-treated mce. Mreover, the del eterious
effect of 5 endotoxin on the mari ne pul nonary vascul ature was reversible

W th restor HPV.a er. endotaxin a 'ni ratlon (data not
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is necessary to inmpair HPV but that continued NOSZ activity is not required

for the i npAnsieearsndt SMPYP/REEL Wildrtype mierdtrated Afthepdqtern By St swyith seling | enge.

Under cert aif) CRedid 4 t&ﬁéizi\tlgﬁ% hP L superoxide, as well as NO (28).
W 20 exam ned ﬁhet%t NO pro u?g{}g ﬂ% contributed to the
endot oxion- i nduce(#'xpﬂpmrntqmmpanzftwkzlmldywemmeghtt'shd bgingrepenitoveal ynjpiohefel s vi a

0 1 on R RS SRR R b R !

varyi ng congerfornadd 23 desceibedeiauslydBtendsl esal., 1997 Cien &by 3DBoad). fA Otom-

redi stribution in respor E {o LMBO was_neasured 1 hour after z5 renoval
from the chdf#sigendgitachaa) whe PRAnsncabrBrgonNckissna Healiksaredyisrs e ndypect ed
to be el evat@gh, U, t‘!@l?olhéﬁpﬁ't}f@Fﬂcﬂch@‘b@%ﬁﬂeﬁaﬁ&%oﬁ%ﬁgatmgﬂgﬂ cient

m ce that breathed 40 ppm NO (see F 7). In contrast, breathing 4 ppm NO
for 22 ®our st@itbtcam)@omrrbmnp, Gbiforhia, Té&@bwmnwﬂhbmt@he MEBEa, didthiths abloomi ce.
These data u r vel.s.(either
produced en genou %;}'q% ﬂ%gr%%ly%ﬁgiﬁ&gg g‘ré'a ggrgaltgf'e (%I%flrrpal r HPV. If
our obser vatventilstioriwad ioiziatad et wvespiapol atead 110 120breathdw AgiRite, ANFIOIPOL 4 ant

clinical inplicati.on of our di e s that the adm nistration of
concentrat i d& HFPW%P@&SW# 3 B‘Jﬁ?@ﬁpg amltl."eﬁt}aﬁmatw PWFq“a?tlﬁﬁ‘tlf’g%\

attenuate - 32m HR0. A Rghi parastbrial thdthitYtonhyBR4h g &‘oﬁﬂbdamﬂaarsﬁ{iﬁl@e@s@ﬂ ulﬂﬁ‘s%ﬁfease in
arterial oxygenation. reover, these fi nd| ngs support the current clinical
practi c@ of prgbe (1BB; FrassonicdnstamantseltnsadeR) wastplased spuidthetight NO when

treating pa espi..r 3, Intensive
Care Med. yﬁw&y %%Lﬁxgdf qsoﬁfémﬁpéeﬁé‘%/ %l%r&ﬁés?lﬁée an %E%? defi ci ent
m ce, i nhal d&eclnTadl, Fl@mpmmm fA04-0 2k hmtes.raﬁipmk:tnmted iroyai the RVhaiden t he
ani mal s were ud| ed r after vaI from %he exposur e chanber (see
FIG 7). Thé¥ ?‘E‘%ﬂ%” E’d@@%’ﬁmﬂ%t’“ &aselyign Aepinptay aerySathishary NO
| evel s al onqpBI® wsaw&ﬁé@lh@nte&angamdya&t W direRiPuhdi®e! mthdiPV. | n
addition, breathin ng;n pm NO for 22 hours d|d not further inpair HPV in
endot 0>&n t GXPYHNG gwwltwméwrﬂommm pl4ced agypraated pravipuslynhal ed NO
and endot OX|(§ h&lﬂ@ﬁ-ﬁd @,;{?m)nary NO production are not additive with respect
to inpairing HPV. Quf i es suggest that the lasting inpairnment of HPV
after endot OXI n (Imgdmeesmghesrﬁqpulmsarb@eihdrmngﬂme@hmidmaﬂdfeywdﬂ@uh@mds and

addi ti onal duced i ory roduct s. . 3: Leukotriene
B ocker o and TG el bimess o BRI byl s AT B RS 'S 456 0
denonstrat i ngjdl bﬁhsw&(flﬂwt)twﬁe@ﬁre kipaatal b&&ﬁr&f@kﬁ@ﬁhﬁth@@@lﬁ (IPHOQI gors of

| eukotri ene recept or activation prevent the inpairnent of HPV in

endot 0xX¥n- c Hiriblrpdarogrphic Clak-aeRe: dlerirodsBICOX At-Bewwoday 15 GMS-
endot oxi n-c¢ o ld: QO

catal yreo ey el e S SERknlclhuit B SHERADE Bt i epa ) B

SLO act i vat isngicpwrataa the CEn#dP)rtarg Tomaseurt the\pértixbpragdutelodibxygen Bothed | d- t ype
mce, HPV is preserved in endotoxin-challenged mce treated with FLAP

i nhi bitor MK886, or CysT 1 receptor blqgker MK571. For these experinents,
we used an in vivo nouse nodel of one-lung hypoxia. WId-type (SV 129B6/ FI)
m ce and SLO-deficient mce were anesthetized and studi ed at thoracotony.
Left pulnonary artery flow (Q.PA) and pul nonary (PPA) and 25 system c (PSA)
artery pressures were neasured continuously. Pressure flow rel ationships




for the Ieft pulinonary circulation were obtained by transientq&cgfgspghs of
the inferior vena cava. HPV was assessed as the percent increase In |eft
pul nonary vascul ar resistance (the slope of the P/Qrelationship, LPVR
after left main bronchus occlusion (LMBO. 30 LMBO increased LPVR by 99t
13%in SLO deficient mce, and by 100=11%in wld type mce. Data are
summari zed in FIG 13. These results denonstrated that inhibition of -33
3 "~ SEC ?~~4.cysteinyl -] eukotr.i ene synthesis or receptor .actiyvation

pr event ed uPé‘“’é%t?@f ?f%n@ivﬁéu@‘ga‘gﬁtﬁﬁﬁﬁﬂ% i W%Wascﬂ‘ﬁﬁﬁ‘eér\fé’&ﬂl%ms A
nunber of erdggénatisdObastdaeancayiant thopulhonay Been ElearddedRete citwaed hel ess,
it wll be understood that various nodifications nay be made w t hout
departing f risfare arl afist ¢ach expsEmeptgp air gf anplient pregrurRysng 2 teshprobg bafsle, the

i nvention c Leed: uslng; LROR : i - \Wbcker s
ot her than m%ﬁgiaﬁéggglnﬁgﬁg?h@%cor3?%8"%, (gtq ﬁgé/ggﬁg%ﬁdilﬁjg%dgbare

wi t hi n Bhe J88pegh bwhisjettixing swh myraptritom®] panBatonium (60EEG/200 adledltd/S 1. - Use
of nitric oxi d(ie or an a titfreacti ve oxygen species (anti-R0OS) agent, or
both, for tHEOPFERRIS PR a nedi canent for reducing, partially
preventing or comMRlYRWEnEpRMSME hoGhuPdridiisC MYih Sietenfid@toritl sressti (B £l

i npai rment of hypoxi c pul nonary vasqconstriction in a mammal, by a nethod
conpri si ng: TBERPHImnaw; argyirsessie Fhihnand i sempgstugdics filife Herscoafiguodily ve anount
of nitric oxhéloRy miaggggﬁgﬁaéanﬁgggﬁggaﬁ@& @é&%ﬁfs!sggc,qialo%ft@m; SRnpipUNt Of

at | east one anti-R0S : nitric oxi or an anti-ROS agent,
or bot Ho f orSitepist ol Panvers, b )o Mean haverir thomasivtaoftisrflome(@IJiATY andrghti al | y

preventing t |.oss ,of...pul Ve vasodi | at or

responsi ven S ]srﬁé%gjnﬁeﬂ %O‘gi(?%lg&l dﬁ%gfng%lﬁf)elq Wi 3 aﬂrrg“r‘i el ﬂ,o“g‘ifogesr(r:g]t“ﬁg d

conpri si ng: tadfloviretee (T10g;, Trandohie Insamimahtsy 1h bena@@edimeand, laft whirealat std- anount
of nitric oxj.de by inhalation, and cq-adm nistering_an effective anmunt of
at |east ond" %l Ress e megired i add M@,%F_ *fero Thocaigie e ﬁ&‘faﬂ%ed

anti - ROS agemfouitpthe AbRGhRHd bitaiidtd e IOV A IPhbABre@kigAh1L @B i NOI
bilirubin, caffeic acid, catal ase, PEG catal ase, catechin, cerul oplasm

copper 18i i sdfsnefpyrdtalan egalen-to-digitel eonysieri displayed g1 acanputirsereeiy byl ea, ebsel en,
EUK-8, FeT E ' » P A : met hi oni ne,
super oxi dewglg%g%efl g@?&%ﬁ%@%ﬁﬁ@%ﬁ%}%@a@é%@z@ilﬁﬁﬁgﬁér cetin. 4.

The use of dAkaemOH) ofi a Bersaudabromipnict.hallanhite{gSqaipment was chlitaated yéforest ei ne. 5.

The use of claiml or 2, further conprising co-adm nistering an effective
amount of aeP‘glm‘BFrﬂlf’%'e Mocker. 6. The use of claim1 or 2, wherein the

manmal has acut e fRw-BRRRYaskméhof left and right pulmonary artery flow. To assess the
20 contribution of QRPA and left pulmonary artery flow (QLPA) to total pulmonary artery

=

flow (QPA), transient occlusion (90 seconds) of the left pulmonary artery (QLPA) was
performed. QRPA dﬁring acute left pulmonary artefy occlusion was considered to be
QPA (i.e., cardiac output) and correlated closely (r2 = 0.88; y = 0.95x + 0.38; n = 9) with
QLTAF. QLPA was calculated as the difference between QRPA during left pulmonary
25 artery occlusion (QPA) and QRPA with a patent left pulmonary artery (QLPA = QPA -
QRPA). Absolute values of respective flows were recorded, and the fractional
distribution of flow to the right and left lungs (QRPA/QPA and QLPA/QPA) was
calculated.
QPA was assessed by measurement of QRPA during transient occlusion of the left
30 pulmonary artery (QLPA) becaunse blood flow is lost to the upper extremities and the head

when measured at the lower thoracic aorta. Moreover, adding a second flow probe
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7. The use of claim1l or 2, wherein the manmal has acute respilrabahy 4
di stress syndrone. 35 1 ~ DEC 2004 8. The use of claim1l or ; ' ?%q
t he manmal has diffuse pul nonary infection. 9. The use of claim1 or 2,
wherein the mammal has sepsis. 10. The use of claim1l or 2, wherein the
manmal has lung inflammuation. 11. The use of claim1l or 2, wherein the
met hod conprises co-admnistering to the mammal two or nore different

ZSH ;]:?Stse?geﬂ%rgasia%%e liﬂ]ﬁwiﬁ gf e%ror %l c;f 1 sféll s%%é[’ ﬁh'cse 21105)1%: arﬂi&&e%@ agent is

wherein the sargmaiﬁ?ﬁﬁrwgﬂrstresssomdmnmﬁtered to the mammul y |ntravenous

adm nistration. 14. The use of claim 1l or erein the strati on of
the anti-ROS ager{{”df’ée”ﬁld'ﬁi‘f@lﬁﬁ@d’oﬁ‘ﬁngﬁf"rdé?ﬁ‘1"'%10%1(‘?? Sileff PP%M?‘@HW%#YWW c

oxi de i nhal ahé RA-maldsten] BRNRSE was reQJ:r%b[l'? olsclﬁﬁedQ(Lmrb?'aﬁvatn@ﬁg aTbiarCS agent

is a scavenger of peroxynitrite,. he use of claim1l1 or "2, whereln t he
anti - ROS agedathetes ingp @Fdﬁiﬁ@@mﬂmbﬂ‘o@iﬁhﬂﬂm infletingsthe bﬁfﬂocllmp wder wisuabconiebr ei n

g

VK- 886, BAY)cbﬁﬂﬁnedCHynﬁhkiklﬁabenrtﬂ@ﬁcbd dﬂfhﬁlﬁgm dﬂhg] m PUK MAQRPA wiia?2 138.
continuously measured during LMBO. In some experiments, the collapsed left lung was
reinflated with 5% CO, in N2 to a peak airway pressure of 30 cm H20. QLPA was

10 measured before and 5 minutes after LMBO.

Infusion of angiotensin II. Increasing doses of angiotensin II (0.05, 0.5, and 5.0
ng/g bw per minute) dissolved in sterile normal saline were infused via the central venous
catheter using an infusion pump (Pump 11; Harvard Apparatus Co., South Natick, MA).
PLA, PPA, PSA, and QLTAF were confinuously measured.

15 Breathing with supplemental NO. Mice were housed in specially constructed -
chambers (Steudel et al., supra) where they breathed spontaneously for 22 hours at an
inspired oxygen fraction (FiQ,) of 0.21 with 40 ppm NO added to the inspiratory gas
mixture. After exposure, mice were removed from the chambers and breathed air during
the induction of anesthesia. Hemodynamic measurements were obtained 60 minutes after

20 removal from the chambers. During measurements, animals were mechanically ventilated
at Fi0, 1.0 without supplemental NO.

. Validation of pulmonary blood flow measurements. In saline-treated wild-type
mice (n = 5), we compared simultaneous measurements of fractional pulmonary blood
flow distribution made using intravenous injections of fluorescent-labeled microspheres

25 (Glenny et al., 1993, J. Appl. Physiol. 74:2585-2597) with those made using ultrasonic
flow probes, as already described here. Before LMBO, 50,000 colored microspheres (15-
um NuFlow Spheres; Interactive Medical Technologies Ltd., West Los Angeles, CA),
suspended in 0.2 mL saline containing 0.05% Tween-80 surfactant to prevent
aggregation, were vortexed and then immediately infused (over 30 seconds) through a

30 jugular vein cannula. After completion of the injection, the catheter was flushed with 0.1
mL saline. After S minutes of LMBO, microsphere injection was repeated using

microspheres of a different color. Animals were sacrificed, and the lungs were harvested
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19. The use of claimb5, wherein the |eukotriene Mcker is non{d DEEsPRL
zafirlukast, or zileuton. 36 "1 5 DEC ~W-~ 20. Use of nitric oxide or a
| eukotriene bl ocker, or both, for the preparation of a nedi canent for
reduci ng, partially preventing or conpletely preventing nitric oxide

I nhal ati on-related inpairnment of hypoxic pul nbnary vasoconstriction in a
mammal , by a nmethod conprising: admnistering to the mammal a

t her apeuti cal | ' itr] ' e '

co- adni ni st artssE Sk VR slip et e EbEBr Bt b SheBe BB
21. Use of nildw tyometiiclgnabysisa The Bliaioniof peinlvbak Blopd Aowheths rightoor léfhlang

preparation of nedi.canent for reducipng, partial reventing or
conpl etely p‘VWgWPlPW_ﬁ % @_?é spjreres ?’aﬁﬁé 1‘@)’%5"6’8% tP‘ﬁl%FEFCT : g'nlgggfene_ss to
nitric oxide i nhahadditthal fAlife-FEATBYiId-B¥e Aidtth R@§l 16 Qmpth S the 1AMBONI St eri ng

to the mammal a therapeutically effective amount of nitric oxide by
i nhal at iSon, iadused redistiufionefpuimenannblesdd Raw esreHentadry apfinggease wdeft one

| eukotri ene S f.clai , ' triene
Vooker i o prouipofy R RS RE R o B SR GLR b apBESfinl DEpS A

pobi | ukast etainferiar védi-cowaland @tlcuibizd 88 slop8 andlihercagtiaf dfe left piltioRsly arnery 1,
wherein the | eukotyi ene .I\/bﬁker is nmont el ukast, zafirlukast, or zil euton.
24. The use BFSEELOM™8BINHD  wherein the mammal has acute pul monary

injury. 25. The uﬁﬁgﬁaﬁﬁ&ﬁhﬁl%Qw?&n&%mﬂwhﬂhﬁ&ﬂdﬁhﬁnﬁ?ﬂﬁﬁ@ghas acute
respiratory distress syndronme. 26. The use of claim20 or 21, wherein the
manmal Ras driranggiongally ibatrlyngs rexeliding hularsirctygy weseexgised blottgd.20d or 21,

wher ein the :par B EP S G 04 claim 20 or
21, wherein gﬁﬁg#ggﬁgﬁgé%P%ﬁgﬂ%ﬁPféﬁﬁ%t|on. %b?aﬁﬁgmﬁggvéfmgﬁgin120 or
21, wher ei n rhinetesyat Hesdriladmpeviienly (20); adireweigliedr Lngg wet/dry ratio was calculated.

Statistical analysis. Changes of pulmonary blood flow are expressed as the percent

—55

reduction of baseline blood flow. Differences between groups were determined using a 2-

15 way ANOVA. When significant differences were detected by ANOVA, a post hoc
Fisher's test was used (Statistica for Windows; StatSoft Inc., Tulsa, OK). A P value of
less than 0.05 indicated a significant difference. All data are expressed as mean + SEM.

Results
Effects of unilateral alveolar hypoxia on pulmonary blood flow. To assess HPV in

20 vivo, we developed a murine model in which differential pulmonary blood flow
measurements could be obtained before and during left lung unilateral alveolar hypoxia
(FIGS. 9A-9C). Because occlusion of the right mainstem bronchus caused severe
hypoxemia and hemodynamic instability, we elected to occlude the left mainstem
bronchus (LMBO), which produced a stable mode! of unilateral lung collapse.

25 Differential pulmonary blood flow was measured at thoracotomy using an ultrasonic flow
probe placed around the right pulmonary artery, and the flow distribution between the
right and left lung was assessed by transiently occluding the left pulmonary artery (FIGS.
9A-9C).

FIGS. 9A-9C show representative tracings of pulmonary and systemic

30 hemodynamic measurements before (FIG. 9A), at the initiation of LMBO (FIG. 9B), and

5 minutes after LMBO (FIG. 9C)} with and without transient left pulmonary artery (LPA)

occlusion. Transient occlusion of left pulmonary artery flow did not produce any
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the manmmal two or nore different |eukotriene Mockers. 30. The hgelbf &l m
20 or 21, wherein the | eukotriene blocker is adm nistered to the manmal by
oral admi nistration. 31. The use of claim20 or 21, wherein the

adm ni stration of the | eukotriene Mocker is commenced concurrently with
initiation of nitric oxide inhalation. 38 .A5 |.A_. A

| .Al.A AA.A AL A A AN .A .A .A . A8l .AY]. A A . Af|.AY_.Alv_. ANY% A<B. AvB. A

AB. A% A5Y_. AYB. AYB. A
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COz in Nz up to a peak inspiratory pressure of 30 cm H20. Values are expressed as a

30 linear regression of all data points with the respective 95% confidence intervals. These
results demonstrated that the redistribution of pulmonary blood flow after LMBO is
attributable to hypoxia and not to left lung collapse.
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p(l.arhonary blood flow redistribution was reflected by an increase in incremental left

'puh‘nonary vascular resistance from 102 + 18 mmHgeminegemL™ to 210 + 38

mmHgeminegemL™' (FIG. 10B). LMBO-induced pulmonary blood flow redistribution

was not attributable to mechanical factors associated with left lung collapse, as left

10 pulmonary vascular resistance (LPVR) did not change when the collapsed lung was
reinflated to a normal lung volume under direct vision with 5% CQ, in N2 (n = 3; FIG.
10C).

Effect of endotoxemia on pulmonary and systemic hemodynamics during

unilateral alveolar hypoxia. After challenge with intraperitoneal injection of 10 mg/kg E.

15 coli endotoxin, mice appeared lethargic with piloerection and diarrhea. Approximately
50% of mice died within 1 week after endotoxin challenge, and there were no differences
in mortality between wild-type and NOS2-deficient mice (data not shown). Before
LMBO, hemodynamic parameters did not differ between saline-treated mice and
endotoxin-treated mice (FIG. 12), but QPA tended to be higher in endotoxin-treated wild-

20 type mice than in NOS2-deficient mice (230 £ 35 vs. 120 & 32 pLemin"eg” bw), although
this difference did not reach statistical significance. Comparison of QPA for all studied
endotoxin-challenged wild-type and NOS2-deficient mice confirmed that there was no
difference between the t\.;vo genotypes (wild-type mice 180 + 20 pL/min per gram; NOS2-
deficient mice 140 £ 15 pl/min per gram; n =21 and 15, respectively). Because

25 differences in QPA potentially affect pulmonary blood flow redistribution, we tested
whether changes in QLPA/QPA depended on changes in QPA. Linear regression analysis
revealed no correlation between QPA and QLPA/QPA during LMBO (r2=0.03, both for
all mice and for all endotoxin-treated mice (P < 0.001; FIG. 7). After LMBO, the
QLPA/QPA was reduced by 465% in saline treated wild type mice, and by 18+5% in

30 endotoxin treated wild type mice. In contrast, LMBO reduced QLPA/QPA by 50 2 7% in

saline-treated NOS2-deficient mice and by 51 + 6% in endotoxin-treated NOS2-deficient

mice (FIG. 7). There was no difference in the response to endotoxin between SV129,
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L10% & ()-p mlf(:)a(; ngoﬁ; an& guﬁnugf,l\gfﬁol_'\ﬁ%sepa?ate e$130toxm~treated wild-type and NOS2-
deficient mice, the effect of LMBOQ on PvQ, was also assessed. In saline-treated wild-

10 type mice (n = 4), breathing at Fi0, 1.0, LMBO for 5 minutes decreased the PaO, from
432 = 7 mmHg to 225 £ 13 mmHg. The PaO, was 342 + 23 mmHg in endotoxin-treated
wild-type mice and 347 + 33 mmHg in endotoxin-treated NOS2-deficient mice. After 5
minutes of LMBO, the Pa0, decreased more in endotoxin-freated wild-type mice {145+ 9
mmHg) than in endotoxin-treated NOS2-deficient mice {230 £ 18 mmHg; P < 0.05; FIG.

15 11).

PvQ, did not differ in endotoxin-treated wild-type mice and endotoxin-treated
NOS2-deficient mice (before LMBO: 39 + 5 and 44 + 8 mmHg, respectively; after
LMBO: 34 £+ 4 and 43 = 7 mmHg, respectively; n =3 for both groups).

Prolonged Pharmacologic Inhibition of NOS2 Activity. To determine whether

20 prolonged pharmacologic inhibition of NOS2 preserves HPV, wild-type mice (n = 5)
were injected intraperitoneally with 10 mg/kg endotoxin, and 3 hours later were treated
with L-NIL (5 mg/kg intraperitoneally), a selective inhibitor of NOS2 activity. This dose
of L-NIL was sufficient to prevent the increase in pulmonary cGMP levels in wild-type
mice 7 hours after endotoxin challenge (data not shown). Pulmonary blood flow studies

25 were performed 22 hours after the endotoxin challenge. In endotoxin-exposed mice
treated with L-NIL, we measured no differences in systemic and pulmonary
hemodynamics before LMBO, compared with saline-treated or endotoxin-treated wild-
type mice. The reduction of QLPA/QPA was greater in endotoxin-challenged wild-type
mice treated with L-NIL than in wild-type mice receiving endotoxin alone (53 £+ 10% vs.

30 18 £ 5%, respectively; P < 0.01; FIG. 7).

Acute pharmacologic inhibition of NOS2 with L-NIL. To determine whether acute
inhibition of NOS2 enzyme activity augmented HPV during LMBO, pulmonary blood
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Prolonged inhalation of 4 or 40 ppm NO. To leamn whether increased pulmonary

10 levels of NO, rather than another NOS2 product, contribute to the endotoxin-induced
impairment of HPV, saline-treated and endotoxin-challenged wild-type and NOS2-
deficient mice breathed 40 ppm NO in air for 22 hours. The hemodynamic studies were
performed 1 hour later, allowing ample time for any potential vasodilator action of
inhaled NO to digsipate. Inhalation of 40 ppm NO for 22 hours did not impair HPV in

15 saline-treated wild-type mice and NOS2-deficient mice: reduction of QLPA/QPA after
LMBO was 51 = 10% in saline-treated wild-type mice and 50 + 11% in saline-treated
NOS2-deficient mice after breathing 40 ppm NO for 22 hours (FIG. 7). Except fora
modest difference in heart rate, no other differences in pre-LMBO hemodynamics were
found between endotoxin-treated and saline-treated mice exposed to prolonged inhalation

20 of 40 ppm NO for 22 hours (FIG. 12). After prolonged inhalation of 40 ppm NO,
endotoxin-treated NOS2-deficient mice demonstrated a marked attenuation of HPV
compared with endotoxin-treated NOS2-deficient mice that did not breathe supplemental
NO (reduction of QLPA/QPA: 20 £ 7% vs. 50 + 11%, respectively; P < 0.05; FIG. 7). In
contrast, prolonged NO inhalation did not affect the endotoxin-induced impairment of

25 HPV in wild-type mice (reduction of QLPA/QPA: 19 + 10% in endotoxin-treated wild-
type mice breathing 40 ppm NO for 22 hours versus 18 + 5% in endotoxin-treated wild-
type mice not exposed to NO; FIG. 7). In contrast, breathing 4 ppm NO for 22 hours did
not impair HPV in endotoxin-treated NOS2-deficient mice (reduction of QLPA/QPA: 62
+2%;n=4).

30 Pulmonary vasoreactivity to angiotensin II. To determine whether the impact of
endotoxin on HPV was attributable to a nonspecific effect of endotoxin on pulmonary

vascular confractile function, we measured the pulmonary vasoconstrictor response to
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wild-type mice without endotoxin (P < 0.01) and from 55 £ 11 to 174 + 40

5 mmHgeminegemL" in endotoxin-challenged wild-type mice (P < 0.001). At any
angiotensin II infusion dose level, there was no difference in the PVR of endotoxin-
treated and saline-treated mice. PLA at baseline did not differ between saline-treated
wild-type mice (6 £ 1 mmHg) and endotoxin-treated wild-type mice {5 + 1 mmHg), and
PLA did not change in response to angiotensin II infusion in either group.

10° Lung wet/dry weight ratios. Wet/dry lung weight ratios did not differ between
endotoxin-challenged wild-type (wet weight/dry weight: 5.0  0.5) and NOS2-deficient
mice (4.6 = 0.2), or saline-treated wild-type (4.6 = 0.1) and saline-treated NOS2-deficient
mice (4.5 + 0.1). Breathing 4 or 40 ppm NO for 22 hours did not alter the wet/dry lung
weight ratios.

15 Summary and Interpretation of Experiments. To investigate the role of NO and
NOS2 in the impairment of HPV in sepsis, we developed an in vivo mouse model to
assess the redistribution of pulmonary blood flow in response to unilateral alveolar
hypoxia produced by LMBO. In mice not exposed to endotoxin, LMBO doubled left
lung PVR, thereby diverting 50% of left pulmonary blocd flow to the right lung and

20 causing a modest decrease in PaQ,. Changes in murine pulmonary blood flow
distribution measured using ultrasonic flow probes at thoracotomy were closely correlated
with measurements obtained using intravenous injection of fluorescent microspheres (see
FIG. 10A) and were similar to those reported by investigators studying large animal
models (Domtino et al., 1984, Anesthesiology 60:562-566; Sprague et al., 1992, Proc.

25 Natl. Acad. Sci. US4 89:8711-8715.

In wild-type mice 22 hours after an endofoxin challenge, we observed that the
ability to redistribute pulmonary blood flow in response to regional lung hypoxia was
severely impaired, leading to a marked deterioration in systemic arterial oxygenation.
This endotoxin-induced impairment of pulmonary blood flow redistribution in the mouse

30 is similar to that observed in awake sheep after intravenous challenge with live bacteria
(Fischer, et al., 1997, Am. J. Respir. Crit. Care Med. 156:833-839) or endotoxin
(Hutchison et al., 1985, J. Appl. Physiol. 58:1463-1468).
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5 endotoxin on the murine pulmonary vasculature was reversible with restoration of HPV at
14 days after endotoxin administration {(data not shown).

In NOS2-deficient mice challenged with endotoxin 22 hours earlier, HPV was not
impaired and there was preservation of systemic arterial oxygenation during LMBO.
Similarty, HPV was preserved in wild-type mice treated with L-NIL, a specific inhibitor

10 - of NOS2 enzyme activity, 3 hours after endotoxin challenge. These results demonstrate
that NOS2 enzyme activity is critical to produce the endotoxin-induced impairment of
HPV.

It is unlikely that impairment of HPV in wild-type mice 22 hours after endotoxin

challenge is attributable to excess pulmonary NO levels, as acute administration of L-NIL

15 immediately after LMBO did not restore HPV. These results demonstrate that endotoxin-
induced pulmonary NOS2 expression is necessary to impair HPV but that continued
NOS2 activity is not required for the impairment of HPV measured 22 hours after the
endotoxin challenge.

Under certain conditions, NOS2 can produce superoxide, as well as NO (28). We

20 examined whether NO produced by NOS2 contributed to the endotoxin-induced
impairment of HPV by replenishing pulmonary NO levels via inhalation in endotoxin-
challenged NOS2-deficient mice. NOS2-deficient mice were challenged with endotoxin
and placed in an exposure chamber containing varying concentrations of NO for 22 hours.
Pulmonary blood flow redistribution in response to LMBO was measured 1 hour after

25 removal from the chamber, by which time pulmonary NO levels would not be expected to
be elevated. HPV was impaired in endotoxin-challenged NOS2-deficient mice that
‘breathed 40 ppm NO (see FIG. 7). In contrast, breathing 4 ppm NO for 22 hours did not
impair HPV in endotoxin-treated NOS2-deficient mice. These data suggest that markedly
elevated pulmonary NO levels (either produced endogenously by NOS2 or inhaled) are

30 required to impair HPV. If our observations in mice are extrapolated to human beings, an
important clinical implication of our studies is that the administration of high

concentrations of inhaled NO to patients with pulmonary inflammation may attenuate
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5 In saline-treated wild-type and NOS2-deficient mice, inhalation of 40 ppm NO for
22 hours did not impair HPV when the animals were studied 1 hour after removal from
the exposure chamber (see FIG. 7). These results suggest that sustained increases in
pulmonary NO levels alone are insufficient to cause lasting impairment of HPV. In
addition, breathing 40 ppm NO for 22 hours did not further impair HPV in endotoxin-
10 challenged wild-type mice. Thus, it appears that inhaled NO and endotoxin-induced
pulmonary NO production are not additive with respect to impairing HPV. Our studies
suggest that the lasting impairment of HPV after endotoxin challenge requires both

increased pulmonary NO levels and additional endotoxin-induced inflammatory products,

Example 3: Leukotriene Blockers and Impairment of HPV

15 Experimental evidence was obtained demonstrating that inhibitors of leukotriene
synthesis and inhibitors of leukotriene receptor activation prevent the impairment of HPV
in endotoxin-challenged mice. We found that HPV is preserved in endotoxin-challenged
mice deficient in S-lipoxygenase (SLO), which catalyzes conversion of arachidonic acid
into leukotriene A4, when 5LO-activating protein (FLAP) is present. We found that in

20 wild-type mice, HPV is preserved in endotoxin-challenged mice treated with FLAP
inhibitor MK3886, or CysT1 receptor blocker MK571. For these experiments, we used an
in vivo mouse model of one-lung hypoxia.

Wild-type (SV129B6/F1) mice and 5LO-deficient mice were anesthetized and
studied at thoracotomy. Left pulmonary artery flow (QLPA) and pulmonary (PPA) and

25 systemic (PSA) artery pressures were measured continuously. Pressure flow relationships
for the left pulmonary circulation were obtained by transient occlusion of the inferior vena
cava.

HPYV was assessed as the percent increase in left pulmonary vascular resistance
(the slope of the P/Q-relationship, LPVR) after left main bronchus occlusion (LMBO).
30 LMBO increased LPVR by 991 13% in 5LO deficient mice, and by 100:11% in wild-

type mice. Data are summarized in FIG. 13. These results demonstrated that inhibition of
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A number of embodiments of the invention have been described. Nevertheless, if
5 will be understood that various modifications may be made without departing from the
spirit and scope of the invention. For example, the invention can be practiced using anti-
ROS agents and leukotriene blockers other than the ones listed herein. Accordingly, other

embodiments are within the scope of the following claims.
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2. Use of nitric oxide or an anti-ROS agent, or both, for the preparation of a
medicament for reducing, partially preventing or completely preventing loss of
pulmonary vasodilatory responsiveness to nitric oxide inhalation in a mammal, by a
method comprising: administering to the mammal a therapeutically effective amount of
nitric oxide by inhalation, and co-administering an effective amount of at least one anti-
ROS agent.

3. The use of claim 1 or 2, wherein the anti-ROS agent is selected from the group
consisting of: allopurinol, bilirubin, caffeic acid, catalase, PEG-catalase, catechin,
ceruloplasm, copper diisopropylsalicylate, deferoxamine mesylate, dimethylurea, ebselen,
EUK-8, FeTMTPyP, FETPPS, glutathione, MnTBAP, MnTMPyP, selenomethionine,

superoxide dismutase, PEG-superoxide dismutase, and dihydroquercetin.
4. The use of claim 1 or 2, wherein the anti-ROS agent is N-acetylcysteine.

5. The use of claim 1 or 2, further comprising co-administering an effective

amount of a leukotriene blocker.
6. The use of claim 1 or 2, wherein the mammal has acute pulmonary injury.

7. The use of claim 1 or 2, wherein the mammal has acute respiratory distress

syndrome.
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12. The use of claim 1 or 2, wherein the anti-ROS agent is administered to the
mammal by inhalation.

13. The use of claim 1 or 2, wherein the anti-ROS agent is administered to the

mammal by intravenous administration.

14. The use of claim 1 or 2, wherein the administration of the anti-ROS agent is

commenced concurrently with initiation of nitric oxide inhalation.

15. The use of claim 1 or 2, wherein the anti-ROS agent is a scavenger of

peroxynitrite.
16. The use of claim 1 or 2, wherein the anti-ROS agent is a glucocorticoid.

17. The use of claim 1 or 2, wherein the anti-ROS agent is ascorbic acid

(vitamin C) or vitamin E.

18. The use of claim 5, wherein the leukotriene blocker is prankulast, MK-571,
MK-591, MK-886, BAYx1005, cinalukast, pobilukast edamine, MK-679, or ZD2138.

19. The use of claim 5, wherein the leukotriene blocker is montelukast,

zafirlukast, or zileuton.
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method comprising: administering to the mammal a therapeutically effective amount of

nitric oxide by inhalation, and co-administering an effective amount of at least one

leukotriene blocker.

21. Use of nitric oxide or a leukotriene blocker, or both, for the preparation of a
medicament for reducing, partially preventing or completely preventing loss of
pulmonary vasodilatory responsiveness to nitric oxide inhalation in a mammal, by a
method comprising: administering to the mammal a therapeutically effective amount of

- nifric oxide by inhalation, and co-administering an effective amount of at least one

leukotriene blocker.
22. The use of claim 20 or 21, wherein the leukotriene blocker is prankulast,
MK-571, MK-591, MK-886, BAYx 1003, cinalukast, pobilukast edamine, MK-679, or

ZD2138.

23. The use of claim 20 or 21, wherein the leukotriene blocker is montelukast,

zafirlukast, or zileuton.
24. The use of claim 20 or 21, wherein the mammal has acute pulmonary injury.

25. The use of claim 20 or 21, wherein the mammal has acute respiratory distress

syndrome.

26. The use of claim 20 or 21, wherein the mammal has diffuse pulmonary

infection.

27. The use of claim 20 or 21, wherein the mammal has sepsis.
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the mammal two or more different leukotriene blockers.

30. The use of claim 20 or 21, wherein the leukotriene blocker is administered to

the mammal by oral administration.

31. The use of claim 20 or 21, wherein the administration of the leukotriene

blocker is commenced concurrently with initiation of nitric oxide inhalation.
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