17 APR 2004
7 APR 200 WD 01/32202 PCTI SEO0I 02153 Use of nitric oxide for the treatnent
of airway constriction Field of the invention The present invention is
within the field of nedicanents for the treatnent of airway constriction
in a mygLespeci ally man. Particularly, the inventiop-t/8paRRyani ent
for enhancing the effect of nitric oxide treatnment or producing an effect
of nitric oxide in non-responders. Background of the invention 10 Nitric
oxi de rel axes airway snmooth nuscle (Belvisi M5 Stretton CD, Barnes PJ.
Nitric oxide is the endogeneous neurotransmtter of bronchodil ator nerves
in human airways. Eur. J. Pharnacol. 1992; 210: 221-222), and 15
i nhal ati on of exogenous nitric oxide attenuates bronchoconstriction in the
response to various agents in |aboratory animls and humans (Dupuy PM
Shore SA, DrazenysdMr FiQ@Stedidid€, rddl bhe WAeatdapolorVB riByonsikedidwbar action
of inhaled nitric oxide in guinea pigs. J.din.invest. 20 1992; 90:421-428;
Hogman M Frostell C, Arnberg H  Hedenstierna G Inhalation of nitric
oxi de nodul at edel@etdfachiod | rerémdiksed bronchoconstriction in the rabbit.
Eur. Respir.J. 1993; 6:177-180; Hogman M Frostell CG Hedenstrom H,
Hedenstierna G inhalation of nitric oxide 25 nodul ates adult human
bronchi al ton@hsApreRent Respinti®nsis 490Bin14Be147418438) meltitaamprs: have

been nmade to & L i d akr f Les by nitr] i de
el atton. B Eog TR 3oy ERa T s g5 ARG S MR T 1 ¢
oxi de for %re&sPegizd it grrhocoasEt Ful RohyantRpul FYBALY ONadEc ITSTYEIRIG ToN.
't has howevep been fRundythal Lhecetfget nofr1heckiaal FeRk ctehARR 2004

producing an effect of nitric oxide in non-responders.

)

ackaorcund of ths invention

Nitric oxide relaxss airway smooth muscle (Belvisi MG,

Stretton CD, Barnes BJ. Nitric oxide is the endogeneous

I'h

neurcotransmitier ¢ bronchodilator nerves in human

]

airways. Eur. Phzrmacol. 15%2; 210: 221-222), ana

15 inhalation of exog=nous nitric oxide attenuates

rt

broncheconstriction in the response to various agents in
ieboratory animals and humans (Dupuy PM, Shore SA, Drazen
JM, Frostell C, Hill WA, Zeapol WM. Bronchodilator action
of inhaled nitric oxids in guinea pigs. J.Clin.Invest.

20 1992; 90:2421-428; Hdgman M, Frostell C, Arnberg H,
Hedenstierna G. Inhalation of nitric oxides modulates
methacholine-induced bronchoconstriction in the rabbit.
Eur.Respir.J. 1993; 6:177-180; Hdégman M, Frostell CG,

Hedenstrdm H, KEedenstierna ¢. Inhalation of nitric oxids

[N
Ut
3
Q
8]
s
u
ot
(D
n
m
(L
[
' -1
rt
3
=
|
m
b |
0

pronchial tone. Em.Rev.Respir.Dis.

Lo releXx

3

t=3a}

S 122:1472-1478). Ritempis haves besen

constricted zirwavs of asthrmatics pv nitric

{8

»id

O

<
)
3
2,
tn
(48]
|
[¥%)
W D
o
\0

inheatetion. ED 560 828, US 5,485,8

discloss use of nicric oxide for treating

scronchosonstriction and pulmonary vasoconstric It

Ll
<
rt
P
O
pa

P
[

nas n

8]

waver bssn Igound Tnat ths silect

pofai —daTh -

in

tment

(M
rt
-~
1]
n

-
p-



WO 01/ 32202 PCT/ SE00/ 02153 2 showed great inter- and intra- indivi d&az APR 2004
variability, and sone asthmatics were non responders with no i nprovenent
at all by nitric oxide (Hogman M Frostell CG Hedenstrom H, Hedenstierna
G AmRev.Respir.Dis. 5 1993; 148:1474-1478). Patients with asthma have
varyi ng d¥QPHER0df airway wall oedema (Jeffery. P.K (1998TT/SB0/02A58

pat hology in asthma. In Asthma. Basic nmechani snms and clinical managenent.
eds. 10 Barnes, P.J., Rodger, |I.W and Thonmpson, N.C. pp. 47-64 San D ego,
CA, U S. A : Academc Press.) It was suggested that the oedema could be the
explanation for the wvariations in the effect of nitric oxide seen in
astmatics. | n asbowdy gweegbhintext-heref fiectraof inidiniidddl oxaédeabnlity,
nethacholine-induged bronchoconstriction is abolished by increasing the

osmol arity of tRBYsTPf EcE S HTHULE Sy STEb RS IHFFRRIE DM E- B alP ne (Hognan
M Hoberg J, Hedepsthenta & ahncrgassd aid Wid@mggé%%%iﬁhiﬁ%ggﬁgg?)

action of nitric oxide in the rabbit. Eur.Respir.J. 12t
Al so, in guineaC@i gHedaalséa Gm Fui tHedlerishe eafrfeect. ofAmiRev cRexpile. dpgors i s

attenuated hy adgjng C. to elevate the osnolarity of the buffer
per fusi ng he ?ghgn &P%rﬁégﬁfgéﬁéi'(Hioberg J, Hogman M Hedenstierna G

Hyperosnol arity reduces the rel axing 25 potency of nitric oxide donors in
gui nea-pig trachea. Br.J.Pharmacol. 1999; 127:391-396). Therefore the main
pr obl em behi nd FPatsepigemtiitdn asddimao hagst atslrysimoMtiedrtes i b at @i ywef f eel 1of

7L (OAL0E O SALA BEs A, BoReal | ucat IR0 Lo gy UL pg T
sai d probl em hasnnawthean EwWId ndchard ohs! MR 2004 cal management. eds.
10 arnes, P.J., Rodger, I.W. and Thompson, N.C. pp. 47-64
San Diego, CA, U.S.A.: Academic Press.} It was suggested
that the oedemz could be the explanation for the
variations in the effect of nitric oxide seen in
astmatics. In & study in rabbits the effect of nitric
15 oxide on methacholine-induced bronchoconstriction is
abolished by increasing the osmolarity of the suxface
liguid by nebulising hypertonic saline {(Hdégman M, Hjoberg
J, Hedenstierna G. Increased airway osmolarity inhibits
the action of ritric oxide in the rabbit. Eur.Respir.J.
20 1998; 12:1313-1317). Also, in guinea pig trachea in vitro
the effect of ritric oxide donors is attenuated by adding
NaCl to elevate the osmolarity of the buffer perfusing
the lumen of the trachea {(Hjcberg J, Hbdgman M,
Hedenstierna G. Hyperosmolarity reduces the relaxing
25 potency of nitric oxide donors in guinea-pig trachea.

Br.J.Pharmacocl. 19%9; 127:3%1-398).

Therefore the main problem behind this invention was tc
establish why the dilatory effect of nitric oxide on

30 airways 1is generally reduced when the airway surface is
exposed to hyperosmolarity. Based on the findings thereof

a sclution to said problem has now been found, wviz. a



WO 01! 32202 PCT/ SE00102153 3 group of conpounds having the ability(%7APRﬂm4
counteracting said reduced effect of nitric oxide. Accordingly one object
of the present invention is to 5 provide suitable conpounds to be used for
rel axing the airways. Mre specifically, the purpose of said conpounds is
to accowmploaisieoa rel axation of the airways. 10 Anot her obpetTiSEsfose
invention is to provide suitable conpounds to be used to counteract
reduced relaxing effects of nitric oxide when used al one, preferably for
use in non-responders to nitric oxide alone, 15 A further object of the
invention is to acconplish the wuse of a pu?e i nhal abl e nmedi canent. O her
obj ects of thegirouenicfor cetpmurdidehapiay ethe t bRl 120 pérsonnskrkkedngn t he
art after having read the _description below Summary of the invention 25
The above- nent P H@dqﬁﬂqﬁﬁQ;%é?%%ﬁloﬁsnb?ﬁé? SHte’ts of the invention

whi ch can be gathered by a person skilled in the art after having studied
the description below, are acconplished by the use, nethod and

phar maceut i cal Acprepdmatlivorordefebpelct nof hehacopapanyi ngvehaine. 130 thbr e
specificall%, according to %ﬁ{irst aspect of the invention_there i§§

provi ded a UsePFPVIHNRalSibI e & rfQPORTdR ERGPE | hSEReIPEr K OR* RGeS

nitric oxide Oéi@%a@éal APR 200 WD 01132202 PCTI SEQQ a2153 4

More specifically, the purpose of said compounds is to

accomplish a relaxation of the airways.

10
Another object of the invention is to provide suitable
compounds to be used to counteract reduced relaxing
effects of nitric oxide when used alone, preferably for
use in non-responders to nitric oxide alone.

15

A further object of the invention is to accomplish the

use of a pure inhalable medicament.
Other objects of the invention should be apparent to a
20 person skilled in the art after having read the

description below.

Summaryv of the invention

25 The above-mentioned objects as well as other objects of
the invention, which can be gathered by a person skilled
in the art after having studied the description below,
are accomplished by the use, method and pharmaceutical
preparation defined in the accompanying claims.

30
More specifically, according to a first aspect of the
invention there is provided a use of inhalable nitric

oxide (NO) in the form ci gaseous nitric oxide or of =



nitric oxide donor, in conbination with a superoxide anion scavenger 7fppPR 2004
the manufacture of a nedicanent for treating airway constriction in a

manmal , especially man, said conbination being used in a therapeutically 5
effective anount to acconplish relaxation of said airway constriction.

Thus, ac [ to the present invention it was surpris- ingly found that

t he redugggﬂﬁg%gxing efPect of exogenous 10 nitric gxide, HORRPOPHSE r achea
subjected to intralumnal hyperosnolarity, is, at least partly, due to
superoxi de anions. Superoxide anions can be produced by several cells in

15 isol ated guing g trachea (Sadeghi-Hashjin G Heoricks PA Folkerts
G Mis T, Gar sréleﬁrg?. Rﬁ‘fag pF ?’R&%e C&F.%lf#‘?élgﬁi .f"’PréE‘i &l SURFEC%IH he
generation of S&t@ﬁcﬁﬂxsdéveﬁngnf@é Ehe edingaRigel 50! at el diraches for
Medi ators. Inflamm 1998; 7:35-40.) and they will rapidly 20 react mnf%

nitric oxide t-¥eRuiPEr oxywaYr Coastriics iRE, inPadmajmas., Eepecaadtliyonmat, NO
W th superoxide,_Free adi ¢..Res. Commun. 1993; 18:195-199; Saran M M chel
C, Bors W F{ea’c‘;c‘:'tl}ci‘i)nC Tgf\@a&/f‘?ﬁ‘ §51ng; Hﬁleijdcd'fji GnEPEGAPENE 1 SRdtiYon of

endot hel i ume desf Fe€l £ ¢baxinBantaetok cCERBD: s 122 a8 tRAG & RS {PITN, 2
1990; 10:221--226.). Peroxynitrite 1is known to cause tissue Injury (K&by

NW Royal | JA Senstpickgpny DR, Beckman JS. Evidence for in vivo
peroxynitrite production in human acute lung injury. AmJ.Respir _Crit.Care
Med. 1995; 151:1250-1254; Beckman 30 JS, Beckman TW Chen J, Marshall PA

Freeman BA. Appmitesn! abydraxyh radieel pRieedue! iipRoRY iR Y RIdd idEipris-
inplications for endothelial injury frorr. nitric oxide and superoxide.
Proc. Nat | . Acad. 3 5t91 . Eoundigbet shreigzduzer ApRax00g4 WOIGTI3ZFDZEXOgenous

PCT/5E0010§é5311itric oxide, found in trachez subjected to intraluminal

hyperosmolarity, is, at least partly, due to superoxids

anions.

Superoxide anicns can be produced by several cells in

15 isolated guinea pig trachea (Sadeghi-Hashjin G, Henricks
PA, Folkerts G, Muis T, Garssen J, Nijkamp FP. Role of
the epithelizl layer in the generation of superoxide
anion by the guinea-pig isolated trachea.
Mediators.Inflamm. 1998; 7:35-4C.) and they will rapidly

20 react with nitric oxide to form peroxynitrite (Huie RE,
Padmaja 5. The reaction of NO with superoxide. Free
Radic.Res.Commun. 1993; 18:195-199; Saran M, Michel C,
Bors W. Reaction of NC with 02-. implications for the
action of endothelium- derived relaxing factor (EDRF).

25 Free Radic.Res.Commun. 1990; 10:221-226.). Peroxynitrite
is known to cause tissue injury (Kooy NW, Royall JA, Ye
YZ, Kelly DR, Beckman JS. Evidence for in vivo
pereoxynitrite production in human acute lung injury.
Am.J.Respir.Crit.Care Med. 1995; 151:1250-1254; Beckman

30 JS, Beckman TW, Chen J, Marshzll PA, Freeman BA. Apparent
hydroxyl radical production by peroxynitrite:
implications for endothelial injury from nitric oxide and

supsrcxide. Proc.Natl.2cad.Sci.U.S.A. 1290; 87:1620-



5 1624.} and to induce airway hyper-responsiveness (Sadeghi-HashjinLiAPRsz
Fol kerts G Henricks PA, Verheyen AK, van der Linde HJ, van Ark = Coene

A, Nijkanp FP. Peroxynitrite induces airway hyperresponsiveness in 5

gui nea gwgs invitroand in vivo. AmJ.Respir.Crit.Care Med. 1996;

153 1694968292 More specifically, it was found that whePCHSEWG B ger of
super oxi de anions, in the formof a superoxide anion 10 scavenger, was used
in combination with a nitric oxide donor, the relaxing effect of the
nitric oxide was poten- tiated or the reduged effect of nitric oxide al one
was reversed.alg obh robl emw t 00l _response

non-response t iﬂﬁ?ﬁﬁﬂrYﬁykﬁ¥3%@ TorP1s° Y?|%%|on appears

to be an 'naCtlgﬁﬁb%%ﬁﬂhé iﬂtdl(FéDkef@EEGﬂﬂﬁﬁhiﬁcxéﬁPAO PerREyaht AKN
this respect, for instance the follow ing can be referred to. 20" WD

96/ 39409 dlsclwsasd@anﬁaunﬂsIﬁharV®R|@H&euan©¢©mer@r HutkasnpEPeoxi des. The
conpounds can ge adm ni stered nitric _oxide.adducts.

The conpounds Féoﬁﬁﬂﬁaﬁl§ﬁnl¥¢%ﬁﬁ?ﬁ%l¥%?¥0%%%?5?358P§8%H%P§S?nlnannals

25 particular! ¥ hwERNS i AS I8, 1 Sr ek d ONe dy 880 Oneapf JMRA¥piki sked . care
i nfl ammat ory disorders. wever, there is no in- formation of inproved

dilatory effecMedntﬂﬂﬁﬁmrMﬁ®s169T ®70&kst hna bronchiale is not referred to.
30 The use of superoxide ion scavengers for a medical pur- pose is also
di scl osed in WD 99/37616. However, the treatnment disclosed relates to

condi tions ass@ei-al a1 ik ca DX dai  vea st £ essdoehendahbel hakcdyshgeaet icdn.
Furthernore, 2 7 APR 2004 WO 01'32202 PCT/ SEO0/ 02153
superoxide anions, in the form of a superoxide anion
10 scavenger, was used in combination with a nitric oxide
donor, the relaxing effect of the nitric oxide was poten-
tiated, or the reduced effect of nitric oxide alone was
reversed. In other words, the problem with poor response
or non-response to nitric oxide treatment of airway con-

15 striction appears to be an inactivation of the nitric ox-

ide molecule.

As to prior art in this respect, for instance the follow-
ing can be referred to.

20
WO 96/39409 discloses compounds that oxidize and/or re-
duce superoxides. The compounds can be administered with
nitric oxide or nitric oxide adducts. The compounds are
useful for treating inflammatory disorders in mammals,

25 particularly humans. Asthma is mentioned as one of many
listed inflammetory disorders. However, there is no in-
formation of improved dilatory effect on the airways,

i.e. asthma breonchiale is not referred to.

30 The use of suveroxide ion scavengers for a medical pur-
pose 1s alsc disclosed in WO 29/37616. However, the
treatmant disclosed relates to conditions associated with

oxidative stress or endcthelial dysfunction. Furthermors.



6 the effect referred to is intracellular. In other words, there arfepPR 2004
differences in kind between the two uses, re- spectively. Thus, the
reference to asthma in a listing of conditions in WD 99/37616 relates to a
condition associ 5 ated with oxidative stress or endothelial dysfunction,
whi ch i swolweszmse in airway inflanmati on and vascul ar  dy$tyrgobeiss3

di sorders, respectively, and not to airway constriction as in the present

i nvention. The present in- vention is not dependent on any endotheli al
dysfunction. 10 Rather the effect seens to be an epithelial one. Further-
nore, it is generally extracellular. Endotheliumdependent activity of a
super oxi de ani é6®e sdfrsigerefiermgdoce eierirtraocel udedl i he, cabees sicam@sho.

15 1999104010. I re. ' ctivity.is disclosed in_ connection with
| ung transplanfggF%ﬂ%%n fggﬁ?ﬁéﬁf%%n %dﬂl?é BebUFTRNEPS GHSCHPES effact .
US 5, 747, 026 r elpalces vied ya. metlwd e detf¥eehd @cﬂtéQ%hmaandémlistthf%eUfs
and tissues. The conpounds are delivered in pHsensitive |iposones. This
nmet hod of del i FOMdG iaNs tiH@atl 63 1616 i seletes steak doondi aromg astsioer -

t hi ngs, preve -a and nary_t oxici of . diyer.se_oxi - .dants and
preserve tﬁg a%%ﬁ%hﬁgﬁﬁﬁ?$%ﬁc dﬁ%%ggtﬁﬁ%segrz%n%%F?%%ﬁ?ildﬁﬁ?&”ﬁF&&Fﬂed

only show t hat wantdhoXisdatiess qxege 5 £xBkiy ai NABSwhAE 1 68! axat varceifgct in
certain animal _ experinments, There are no data presented that antioxi-
dants might stP¥FGIET 1HE FeIWEHRS ef FeePeohl ve Fvaydnd=nornkal éd It i c

oxide. 30 In Pediatn.; ReSy, 1299% i 3 ere I l.scl d dy. _of
the effect of rhSCDrgnd iﬁhale Ibggg%ﬁé iﬁ?%ﬁ {%E+%%%%§y ﬁ@%eF&gﬁ%%%h%Fh a
| anb nodel . Howewvériort hiey erdts Refedd®REh2004 any endothelial dysfunction.

10 Rather the effect seems to be an epithelial one. Further-

more, it is gensrally extracellular.

Endothelium-dependent activity of a superoxide anion

scavenger is also referred to in Medline, accession No.
15 1995104010. Furthermore, said activity is disclosed in

connection with lung transplantation only and is limited

to a pulmonary vascular effect.

US 5,747,026 relates to a method of delivering antioxi-

20 dants to cells and tissues. The compounds are delivered
in pH-sensitive liposomes. This method of delivering an-
tioxidants to tissues is said to, among other things,
prevent vasospasm and pulmonary toxicity of diverse oxi-
dants and preserve the action of nitric oxide. The ex-

25 perimental data provided only show that antioxidants per
se exert a vascular relaxation effect in certain animal
experiments. There are no data presented that antioxi-
dants might strengthen ths relaxing effect on airways of
inhaled nitric oxide.

30
In Pediatr. Res. 1959; 45: 293 A there is disclosed a
study of the eflfect of rhSOD and inhaled gaseocus NO on

pulmonary hvpercension in a lamb model. =owever, there :-:



WO 01/ 32202 PCT/ SEOQ' 02153 7 no suggestion what soever concerning any? 7 APR 2004
effects on the airways. Detail ed description of the invention S The
conbi nation of nitric oxide and a superoxi de anion scavenger according to

the present invention can be used for the manufacture of i nt for
treatindN%Pqufﬁpes of constriction challenges in the air&gygﬁagﬁgﬁelo

constriction challenges can be the result of airway hy- perreactivity,
asthma and ot her conditions causing airway constriction. A preferred
enbodi ment of the present invention is in the 15 manufacture of a

medi cament for _treat] i ric- 1l cLate | asthheg
bronchi al e, engb%a3%%%5}éﬁfﬁ%éﬁ%ﬁ%ﬁ%%o%é%?ggg?ﬁﬁaéﬁﬁoggm%ng.BAn ©

especi al |y prefhenrakiyes enbodi nent of the invention is 20 represented by the
treatment of a mammal who has been shown to be non-responding to inhalation

of nitric oxide (gaseous or in the formof a donor) only. This enbodi nent

s of significant olidical ) Pporances SLpce;MhLhtgodif- ferent patient
groups treat ed =W ) ) € generally a | arge
group of nom-responders. According to one enbodi nent of the invention

nitric oxide is used . in gaseous, inhalable form _Inhalation of gaseous
nitric oxide mdne &HEREML EOYreht NAHY ARt 8G&IFn2PRePafYP2I0%E S FHON

conpari son “ﬁt@%%JEHEQ@S§QH§r§iﬁ§ian§ﬁgep99895t iﬂ%ﬁ%ﬁgo%a%a@@%é“hsed

particles or droplets"to dispersean transport to the respiratory tract.
Gases have | ongdy ethe dhéfiwSsonupat bfiagsmedasiimgnb' foass reldtimgetaldns (such
as 2 7 a PR 20014 WO 01/ 32202 PCT[5E00£0%}53 : .
types of constriction challenges in the airways. Such
10 constriction challenges can be the result of airway hy-
perreactivity, asthma and other conditions causing airway

constriction.

A preferred embodiment of the present invention is in the
15 manufacture of a medicament for treating airway constric-
tion associated with asthma bronchiale, especially an

acute condition of asthma bronchiale.

An especially preferable embodiment of the invention is
20 represented by the treatment of a mammal who has been
shown to be non-responding to inhalation 'of nitric oxide
(gaseous or in the form of a donor) only. This embodiment
is of significant clinical importance since within dif-
ferent patient groups treated with inhaled nitric oxide

25 there is generally a large group of non—responders.

2ccording to one embodiment of the invention nitric oxids

ig us

{h

d in gaseous, inhalable Iorm. Inhzlzation of gaseous
nitric oxide may represent a great advantage in therapy,

30 e.g. in compariscon with a non-gaseous nitric oxide-donor,
as the gas has no particles or droplets to disperse and
transport to the respiratory tract. Gases have long fre=-

al

-1y

fusion pathwavs, easily bDypass cbstructions (such as



B constricted airways), and dissolve directly in tissue without causihgpPr 2004
i npacti on bronchospasm The beneficial effect of NO gas on bronchi al

snooth nmuscle tone is ob- served inmediately follow ng inhalation, naking

NO a use s ful first defense agai nst bronchospasmthat can be fol - |owed,

i f desir ¥ 0bg220nhhal ati on of | onger-acting agents. Accordi pgrspocdapisher

enbodi nent of the invention, how ever, as defined above, the nitric oxide

is adm nistered 10 in the formof a nitric oxide donor, i.e. a conpound

that act by releasing nitric oxide. Knovvn mtric oxide releas- ing

conpounds useful |n Rra ti.ce.of the inve on re nj- troso or nitrosyl

conpounds such asn n|t §S02RTXREE I p &N llséf‘r‘ﬁ NE, CSL?ﬁGttr]déollE E&/%FB?ne and

15 ni t r osoguani dmao@haba@ts%bzeﬂp%t%n MQdHyhto £ kﬁ ?8?895' y
rel eased or otherw se transferred fromthe corrpoun er physi ol ogi cal

condi ti ons suche§§e§l§t atnd® gies tdmeblnmg:hl@tlhamomrmmunjsleartsom@nmeuads in

which NOis n onatr i met.al corrplex and as such is
readily rel ease 9% ? ANS) g&i‘yr gorﬁrit L& G oRd AbidEt TSI Bgi @aPSC‘

rans

condi tions, . g:uml Eﬁ@@tua%lf@e,seN@gafl@fsrtEQ@@n%ho%f A NG e, cogp!l ex; -
Further suitable ni trogen cont ai ni ng conpounds are conpounds which are

net abol i zed by éR¥§Hesiéndegénsds g arledpioracdr | @pandaringsagkats.
systemto produce the NOradical, e.g. arginine, glycerol trinitrate,
isoanmylnitrite, inorganic nitri te ai de and hydroxyl am ne. Such types of

nitric oxide rateasdnggcenpanndseandrRidiadnobit heid swudests, apg-vel |
known in the art. Preferably the nitric oxide 30 donor is a corrpound t hat

rel eases nitrice¥%Fde®FnIghdRes aREy st haheomif rilve cidfyis adimihestered
pul nonary vesseks ape ratfested. n%t;:ép%xa%%4donor, i.e. a compound that

act by releasing nitric oxide. Known nitric oxide releas-
ing cempounds useful in practice of the invention are ni-
troso or nitrosyl compounds such as S-nitroso-N-
acetylpenicillamine, S-nitroso-L-cysteine and

15 nitrosoguanidine,characterized by an -NO moitey that is
spontaneously released or otherwise transferred from the
compound under physiological conditions such as obtained
in the lung. Other compounds are compounds in which NO is
a ligand on a transition metal complex and as such is

20 readily released or transferred from the compound under
physioclogical conditions, e.g. nitroprusside, NO-
ferredoxin, or an NO-heme complex. Further suitable
nitrogen-containing compounds are compounds which are
metabolized by enzymes endogencus to the respiratory

25 and/or vascular system to produce the NO radical, e.g.
arginine, glycerol trinitrate, isoamylnitrite, inorganic
nitrite, azide and hydroxylamine. Such types of nitric
oxide relieasing compounds and method for their synthesis
are well known in the art. Preferably the nitric oxide

30 donor is a compound that releases nitric oxide in such &
way that only the airways and the pulmonary vessels are

affected.




WO 01! 32202 PCT/ SE00/ 02153 9 The nitric oxide donor used in the i ngentpIl4
may be ad- mnistered as a powder(i.e. finely divided solid, either
provi ded pure or as a mxture with a biologically com patible carrier

powder, or with one or nore additional 5 therapeutic co [.as a
li qui d(YWOP134¥sol ved or suspended in a biologically cgﬁgﬁﬁﬂﬁ%@? ?

i quid
carrier, optionally mxed with one or nore additional therapeutic
conpounds), and can conveniently be inhaled in nebulized form (preferably
including particles or droplets having a 1® di aneter of |ess than 10 pm.

carrier 1iaui ds,and ponders sknabr@le sl afll entos abalial aiuante cRumonl y
used in traditional asthna i nhalation therapeutics and thus well known in
the art. The opini®tetodage eapgedearn ibe.détarlyndieddsy madtiiche girtdeadur es

known to the skilled man. 15 The super.oxi de ani on scaveggg: tqQ be used in
the inven- ti @re&hdee BHYSCOAPEEnG Me&oYArz ¥d ths Apéilng 'ctaaﬁ% Yo~

mamal i an, eSROG A1y BUKBH . UgBy il CR:CaA hE HANKEN md RNt gu Al St er ed.

Sai d super oxi ani on scavenger can 20 be an enzyne having the ability of
renovi ng seperixé gdepeadi ansomBoperiaXi de diss rufldse iids ia eneldi damwed wdel y

the i nventi on. STRSSHBE: o do ARG Seamen g ORI ® NV cf Secbe
anot her COWOUﬁScD@MB@Qyt hex22 3RidH Ohe0l S GRURNAN SIHRRII0X Kier 2Pt @nSe
Exanpl e of suc conpouhds are antioxidants, e.g. vitamn E, vitamn C
bi |'i rubin, uratempbuhykat eenidy dreoxtoiveerientiot yeatisthahed droxyepibbred
Conpenents. usoioSBeaPHEAG G Ithe TN BT R A2a e gt CropLets Heving o
10 diameter of less than 10 pm)}. Carrier liquids and powders
that are suitable for inhalation are commonly used in
traditional asthma inhalation thexrapeutics and thus well
known in the art. The optimal dosage range can be deter-
mined by routine procedures known to the skilled man.
15
The superoxide anion scavenger to be used in the inven-
tion can be any compound recognized as being suitable to
mammalian, especially human, use, which can be conven-
iently administered. Said superoxide anion scavenger can
20 pe an enzyme having the ability of removing superoxide
anions. Superoxide dismutase is a well known, widely dis-
tributed enzyme that is a preferred compound for the use
according to ths invention. The superoxide anion scaven-
ger can, however, also be another compound having the
28 ability of scavenging superoxide anions. Example of such
compounds are antioxidants, e.g. vitamin E, vitamin C,
bilirubin, urate, butylated hydroxytoluene, butylated hy-
droxyanisole, propyl gallate, ethoxyguin and the trace
element selenium.
30
The components used according to the invention can be ad-
ministered by, commercially available, irhaler devices.

Compressed NC gas may be cbtained from a commaercial suz-



m ni stered by, commercially available, inhaler devices. Conpressed KC2 éa‘tﬁspn 2004

may be obtained froma comercial sup 2 7 DAR 200 WD 01! 32202

PCT/ SE00/ 02153 10 plier, typically as a m xture of 200-2000 ppm NO in pure
N2 gas. Said NC-N2 gas mixture nmay be delivered into the inhalation gas in
an anounty®éizkze2 100000 nnol /min or, may be mxed with aigorEpsdei3sor

anot her suitable carrier 5 gas or gas m xture, generally to a concentration
of J. ppm to 180 ppmof said m xture. For inhalations during ex- tended
periods of tinme a range of 1-40 ppmis generally wutilized, while 1-80 ppm
or 1-180 ppm may be used for shorter period8 of time, when an imediate
strong effect 1PlisrdesiypedalEypes a mixunefeercdbl2e o-atges gpn e imsture
mentioned cases_are 40-80 ppmor 40-180 ppm respec- tively. As to further
details concer nﬁagg?ﬁhaﬁéﬂBoHC‘GNZNSasr S rtere MAY hedEald teredrino die
e.g. EP 560 928. e _disclqsure of which _is here i ncor por at ed by

h b
refer- 15 ence, lf%é}ﬁf:éopegﬁgctm e S UBxilde &r?c?yot% &%t oRE ani on

scavenger can jQgyadal fliskar ed cseauent iddyged Ay RS | Lﬂrtatgtﬁ% &P pe
adm ni stered si rruftaneously, in the Iattgr@écase ei t her 208vvith the two g

conponent s fr ong&8parafessturtegeat aenersdiy td me comaegygetateion ovf 1 nophe

formof a conposjti m _pri_si.ng _haoth said nitric.oxide agj;é{}sai d
super oxi de ani o'?lJJ %§§v§ﬁbﬂe92 Zglghglg&ﬁgredxgﬁg dﬁ]ih(‘?r}a)s%cjﬁfésn L% B
admini stered incéh@edsperibarnet aimiOa irafigebyfi NhalAtimn, i dWed 50 Dy

ot her common adm ni stration routes for pharmaceuticals. Anong such routes
reference can bet#hdecto ¥hBRENGu O BRmICr ladd O ermalmaatdiesniviedt fons,

appl i cation to Hb%@@k'ﬁ%r%%d%”%&a%ﬁ%e,aQ%éﬂﬂé%“fﬁ%édfgyé*éE?%%ﬁ“%ffect
subcut aneous, in
10 is desired. Especielly preferable ranges in the last-
mentioned cases are 40-80 popm or 40-180 ppm, respec-
tively. As to further details concerning inhalation of NO
reference is made to the prior art, e.g. EP 560 928 B1,
the disclosure of which is hereby incorporated by refer-

15 ence, in this respect.

The nitric oxice and the superoxide anion scavenger can
be administerec sequentially in any order, cor they can be
administered simultaneously, in the latter case either

20 with the two components from separate scurces at the same
time or together, or, in the form of a composition com-
prising both said nitric oxide and said superoxide anion

scavenger.

25 The superoxide anion scavenger can be administered in ths
same manner as NO, i.e. by inhalation, but also by other
common administration routes for pharmaceuticals. Among
such routes reference can bs made to sublingual, oral,

-and rectal administrations, application to epithelial

30 surfaces, and injection, which may be subcutaneous, in-
tramuscular, intravenous or intraperitoneal. Preferably.
however, the superoxide anion scavengesr is administered

by inhalation. Thus it may be administered as a pow-
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tramuscul ar, intravenous or intraperitoneal. Preferably, however, the
super oxi de ani on scavenger is admnistered by inhalation. Thus it nay be
adm nistered as a pow 2 7 APR 200 WD 02132202 PCTI SE00102153 11 der(i.e.

finely divided solid, either provided pure or as a mxt i
bi ol ogi‘gél Ilg"z%érrpati ble carrier powder, or with one or lr}:gﬁés‘ﬁ'g%/ |lt§?f onal

t herapeutic conpounds) or as a liquid(i.e. dissolved or suspended in a
biologically 5 conpatible liquid carrier, 1(1pti onally m xed with one or

more addi tional therapeutic conpounds), but can conven- iently be inhaled
in nebulized Berrhi(.sr-effémenly dincldrl ngplishr t9idhar Bray bpeet BURGVPRg2S

di aneter of |ess .than 10 . rrier i ds r a it abl e
for 10 inhal afi g 4r¥ <4 I%ﬁ%ﬁf?#?ré&%%ﬁp%\g%h%£?%g- biagtaiggh

t herapeutics apd jihus wel loknewe | sddheiandl tHer Sppet dxi demaphadsscavenger

is used in a therapeuti- cally effective amunt, such an armum1 bei ng ]
easi |y es 15 wabla Shietii (i he- skisselved tPEasUSRRPEReAE PNPePLRORE3dAY t he

type of copmpound used -and the. route admi nj t] Ag;ishould bs
appar ent t%pacﬁé[}psaotrfq%%ﬁ%%}% %%érgélrft %giﬁé?nlytﬁggggeu%?g" in this
respect as wello@s dddigenes Bl -harapeudesceompoondahd dblai weneccomeasses
prophy 20 lactic treatnment as well as treatnent of an staghi shed

condition. Furiemrioree hipekepeiibi BAPRYIeEd ebPT Ve PFEICHAPLYZ 39 H Eonse

that is common wi.thif,thi Lcal Leld j Josdetisred Han BR 560
928 Bl ref erréjc?ﬁ%léé %v%? ‘éﬁ‘ﬁ%gﬁ Pﬁtlég e?aﬁ?\qué%:%irsospecisfi c case the su

25 peroxide anjOn seavengeriiguidsrapaupbhakbty ehhechiree sadtadden fas it
reverses a negative effect obtained when using nitric oxide only or

enhances Lhe effilexlavioni aréccoxindelyanead. ipowseitigsad gatddite 2 can

be added that {égion therapeutics and thus well known in the art.

The superoxide anion scavenger is used in a therapeuti-
cally effective amount, such an amount being easily es-
15 tablished by the skilled artisan, dependent inter alia on
the type of compound used and the route of administra-
tion. As should be apparent to a person skilled in the
art the term “therapeutic” in this respect as well as in
general in the description and claims encompasses prophy-
50 lactic treatment as well as treatment of an established
condition. Furthermore, “therapeutically effective” is
utilized in 2 sense that is common within this technical
field, as is e.g. defined in EP 560 328 Bl referred to
above, although in general in this specific case the su-
25 peroxide anion scavenger 1is therapeutically effective as
soon as it reverses a negative effect obtained when using
nitric oxide only or enhances the effect of nitric oxide
alone. Howsver, as & guidance it can be added that for
supercxids dismutase an eifsctive dose rance may for irn-
30 stance be 1 000-50 0G0 units per kg body waight {U/kg),
5 Q00-15 000 U/kg being a preferable range and 8 000-

12 €00 U/kg being especially preferrec. For other super-

"

“fects can

cxidz anison scavangers similiar scavengind

(h
!



super oxi de di snutase an effective dose range may for in 30 stance belzl7APR200£
000-50 000 units per kg body weight (Ukg), 5 000-15 000 U kg being a
preferabl e range and 8 000- 12 CO0 U kg being especially preferred. For

ot her super- oxi de anion scavengers simlar scavenging effects can 2 7 L PR
2004 WO &0 ®23202 PCT/ SEOQ0/ 02153 12 easily be experi nment al pgr/sswabissshed by
a person skilled in the art. According to a second aspect of the invention
a method is 5 provided for the treatnment of airway constriction in a
manmal , especially man. Said nmethod conpris adm nister- ing to a nanmal

in need of such treatnent, nitric oxide ( , by inhalation, in

conbi nati on wi tévsi yipeeogikgeranenicenl lgtaserdpdi sheal dycantiaadoonshel hgs
used in a therapeu 10 tically effective amount to acconplish rel axation of
said airway condtriTtFOh: As to specific and preferable enbodiments of
said nethod reference is nmade to those specific and preferable em 15

bodi ments whi ch have been described in connection with the use according
to the inventi AcCFrAaangytcascordiong esrsdthiafd tdspdstvasft idre a nuenbodnis
there is previde . phar paceutical preparation for treat 20 nent of

br onchocons rié%g%ﬁlﬁﬁgagﬁﬁn#éﬁ,%§§6§ FﬁtlfiﬁEHFW%MﬂQQP%ﬁﬁﬁﬁﬁﬁ%% hitt i c
oxide (NO in casthadli @Bpectihlay ®UREr @4:iGe NIl SCAMBNO s S@honditelc
oxi de and said superoxide anion scavenger being present in a therapeuti-
cal ly effectivel2@otft a3t BRaAERSMBN Seedelodx UGN tafeadaiant 251 i rgyoxide

constriction. '&5 re£ rengete; eci.fi nd preferabl.e enbodi ments.of

sai d preparatigﬁ r%fergnce ?sgg ?%’n&éb%ﬁ%%igﬁgiﬁiﬂﬁ%éﬁzazﬁﬁ??ﬁ%?%?%bfe

enbodi nents of idwe sisevangetdi Bgio ddidbination being used in a therapeu-
10 tically effective amount to accomplish relaxation of said

airway constriction.

As to specific and preferable embodiments of said method
reference is made to those specific and preferable em-
15 bodiments which have been described in connection with

the use according to the invention.

Finally, according to a third aspect of the invention,
there is provided a pharmaceutical preparation for treat-
20 ment of bronchcconstriction in a mammal, especially man,
which comprises nitric oxide (NO) in combination with a
superoxide anicn scavenger, said nitric oxide and said
superoxide anicn scavenger being present in a therapeuti-
cally effective amount to accomplish relaxation of said

25 airway constriction.

With reference to specific and preferable embodiments cf
said preparzticn reference is also made to said specific
and preferable embodiments of the use according to the

30 invention.

Brief descrintion of the drawing




30 invention. Brief description of the drawina 2 7 APR 200 WO 01/ 322027 7 4PR 2004
PCT/ SEO0/ 02153 13 Fig. 1. Relaxation of carbachol-contracted (CCh) trachea
by the nitric oxide donor sodiumnitroprusside (SNP) after increasing the

intral u%qm@hzg&rml arity to 450 nmGsm Control group treat}gz(ging\fk(}of,]m53

hyper os y before and 5 during the experinment and group pretreated
with 100 u/mM  superoxide disnmutase (SOD) on the extralum nal side. Values
are per cent relaxation of CCh contracted trachea in nean s.e.nean. *
significantly different from CCh. 10 The inwention will now be illustrated

by the foll ow ngn- Li_m_tj_ng | es; | I AN T l.pea
pi g tracheal pgg?le?o'nRﬁg#oa&‘mﬁg%ﬁe?r?%e&%eﬁ?%%%%@%e(%ﬁ‘?acftergghgg

super oxi de di shit ase S@D)ic @xitavenger ©fdswpetDitderass dds, (GNP rway
rel axation by the nitric oxide donor sodiumnitroprusside (SNP) after

el evating the B$REIFakinoyS&He PRk W tHet TatuBi Rt WwEHC DB $bdi bf ERPoMPEe -

VRTER AL AND-METHIDS Periysed JLARen f1iehagal L aab. The, okpebiEoard

prot ocol was approve e regional et commi ttee on ani na

experi ment & Miheibunkihe d4pddieyemuiaed gigsp (H00:B800tgd weth Jiovem/ad
overdose of pentobarbital (0.1 nyg k%; body wei ght i_ntrilger,itgneally; The
tracheas were PEPEIINFEi%SETBY 50l SPPLoTME? vE*352{ PEsHEL £48%nd bl ood

vessel s renoveq and muynt ed. .0n-&,c St Dk £8So5t & cpRT Euat enchelderracthe
perfusi on system used was an i nproved version of Fedan & Frazer's system

(Fedan J, mazennD@eamfd uerceanadn ept tdednufioanthg different from CCh.

10 The invention will now be illustrated by the following

nen-limiting examples:
Examplie 1

15 An in vitro guinea pig tracheal perfusion method was used
to investigate the effect of superoxide dismutase (SOD),
a scavenger of superoxide anions, on airway relaxation by
the nitric oxids donor sodium nitroprusside {SNP) after
elevating the osmolarity on the epithelial side with

20 sodiunm chloride.
MATERIAL AND METHODS

Perfused trachea preparation

25 The experimental protocol was approved by therregional
ethics committee on animal experiments. Male Dunkin
Hartley guinea pigs (500-800 g) were given an overdose ct
pentobarbital (0.1 mg kg™* body weight intraperitoneally, .
The tracheas were rapidly dissected free of connective

30 tissue, fat and blood vessels removed and mounted on &
stainless steel perfusion holder. The perfusion system

used was an improved version of Fedan & Frazer's system

6]
1

{(Fedan 7

, Frazer DG. Influence of epithelium on the



2 7 APR 2004 WD 01/32202 PCT/ SE00/ 02153 14 reactivity of guinea pig 27 4PR 2004
i sol ated, perfused trachea to bronchoactive drugs. J.Pharnacol . Exp. Ther.
1992; 262:741-750), described earlier by Munakata (Munakata M M tzner W
Menkes HA. Gsnotic stimuli induce epithelial 5 dependent relaxation in the
gui nea pVV§ WBaMRea. J. Appl.Physiol. 1988; 64:466-471). Afncmsroentisal |y
fixed side-hole catheters were inserted into the lunen of the trachea
fromeach end, the trachea was stretched to its in sits length and pl aced
vertically in a 25 ml 10 extral uminal organifath containi ng Krebs-Hensel eit
buffer. The cattmteriwuftyhefi gheheaf ptile itkached, e fuaxit®iciesy, tyas
connected to one side of a differential pressure transducer (P300D,

Val i dyne Engi ??%@O%Bbg?a?FHﬁ?-CA.‘I,-P@SAW&&I?& Ex@ Gieet U%F2at heter at

the distal end nf>1hie1tsg6heaswas ¢pRReeLed ; 40 ther. side of, the .
transducer. The inside of ?he trgc ea wasqﬁgtrrf t?gggm\?\}apﬁgtlf‘r egﬁfn P21 i t
buffer from the2snetr Wnt¥FahkebndRk .baéishcat c26 timuliin-ihdurea ¢gctxeul ati ng

| oop. The Kgebs: Hens Iejht bgffer .in hoth 20 the extra- and intral um nal
baths was kapt HiP Bha* e HaBBF 28 Witth TRy S8 ISRt B¢ dFraEv®an and 5% CO2

. The transrmu’.azkp;pleﬁﬁﬁgﬁowsléﬂbqsteadds%-@%r)e.SEA%Jchx%oaf{ fixed
basel i ne. Responses of the trachea were recorded by a conputer ‘({a I ew

3.0 software, Nexdonaplenserheears 2ErAustisertEX, iU$A) wsd Mgmespetichéy
destanee 0 0 ULISHAO0RLEN b Aea tsg Lo S, adapled Lo
proxi mal and distabitecoedhny shiep1eRd 8238y in a 25 ml
10 extraluminal organ bath containing Krebs-Henseleit
buffer. The catheter at the inlet of the trachea, the
proximal end, was connected to one side of a
differencial pressure transducer {P300D, Validyne
Engineering Cooperation, CA., USA) and the ocutlet
15 catheter at the distal end of the trachea was connected
to the other side of the transducer. The inside of the
trachea was perfused with Krebs- Henseleit buffer from

the 25 ml intraluminal bath at 26 ml min™® in a
recirculating loop. The Krebs-Henseleit buffer in both
20 the extra- and intraluminal baths was kept at 37°C and
bubbled with a gas mixture of 95% O, and 5% CO, . The
transmural pressure was adjusted to correspond to zero at
baseline. Responses of the trachea were recorded by a
computer (LabView 3.0 software, National Instruments
25 Austin, TX, USA) using a specially designed program
{kindly donated by Astraz Draco, Lund, Sweden} adapted tc
the system. |
Responses are expressed as the difference in pressure
between proximal and distal recording sites (AP, cmH,0).
30 |
Scolutions and reagents
The modified isotonic Krebs-Hznseleit buffer had an

osmolarity oI 290 mOsm, and was composad of (in mM):



Sol utions and reagents The nodified i sotonic Krebs-Henseleit buffer hdd &FR 2004
osnolarity of 290 nmGsm and was conposed of (in ml): 2 7 APR 2004 CVO
01132202 PCT1SE00102153 15 NaC, 117; NaHCGO3, 25; KH2POX4, 1.2; MgSH4, 1. 2;

gﬁg; 2.5 and ducose, 1.03 (pH 7.4, 370). The | ar
buffer was E[r’rzéd by increasing the NadC concentratl on to J%@'ﬁ’rr@i whi ch
increased the osnolarity 5 to 450 nOsm Carbachol (Sigma Chem cal Co, M)

USA) was dissolved in saline. The nitric oxide donor sodium nitroprusside
(SNP, Sigma) and superoxide di snutase (SODY5> from bovine liver, Sigma) was

di ssol ved in Kygbs- Hensehgidcduf ber.. KﬁNﬁowaslpJot:ggs@g fy om lkeht 4nyil

use. 10 Experi nent al prot ocol All prot ocol s start with an equilibration
peri od of 60- Zachhn @i Ehawdshénceser,y 1193 (pHwWvert baifd)nt mddeum nal and
extral um nal sol utions vvere repl aced for fresh 15 buffer, Thereafter the
tracheas were BYBF&EQSRPLhar s ‘L’Eh% FOTTRRN By PRE¥eRBLES tiecHaltdol

6 Th t 5 h
(n=6). e i Nt EBncRRL LA UE 2l D s et et s008HDL A, BBHHAE skrachea

was contracted with 1 M 20 c appli1ed extralum nally,
correspondimng to dm%nmmmﬂamm@btis)rgr@ascmmcalned i MOgalliSipgr was
experinments, data n shown). The -contract ed traca a was rel axed by
the nitric oxi#é&S& recswpl %ﬂm%d tol t¥he PHEFEI dRTAZI SBIEH™ After a

60 m n washout ,pe uddi o Msh 8 fhgnanéuaeréﬁ%@xm@w@a@@ ty@‘zf er
was replaced By fﬂogﬁ buffer every % mn, the procedure was repeated. 2)
Hyper osnol ar bdfroer Havwigle IreasheaSigwak w,@ﬂtdasb‘eblved in Krebs-

Henseleit buffer. SNP was protected from light until use.

10

Experimental protocol

All protocols started with an equilibration period of €0-

75 min with washes every 15 min when both intraluminal

and extraluminal solutions were replaced for fresh

15 buffer. Thereafter the tracheas were subjected to one of

the following protocels:

1) Control (n=6). The intra- and extraluminal buffers

were isoosmolar and the trachea was contracted with 1 puM
20 carbachol {(CCh) appiied extraluminally, corresponding to
50% maximum contraction {(as determined in earlier
experiments, data not shown). The CCh-contracted trachea
was relaxed by the nitric oxide donor SNE, 3 mM added to
the intraluminal bath. After a 60 min washout period, in
25 which both the intra- and extraluminal buffer was
replaced by fresh buffer every 15 min, the procedure was

repeated.

2) Hyperosmolar buffer (n=6). Tracheas were contracted tc

30 50% of maximum contraction by applying 1 uM carbachol
extraluminally. The trachea was relaxed by the nitric

oxide donor SNP 2 mM added tc the intraluminal bath.

After a 60 min washout period, the intraluminal buffer




30 50% of maxi mum contraction by applying 1 M carbachol extral uninal | 'y.Z THER 2004
trachea was rel axed by the nitric oxide donor SNP 3 nM added to the
intralum nal bath. After a 60 mn washout period, the intralum nal buffer

2 7 APR 200 WD 01/ 32202 PCT/ SE00102153 16 was repl aced by hyperosnol ar

buf fer 1WOfiF2H8f ore the second carbachol contraction, thkremsehiomnss given

to the trachea during hyperosnolar conditions. 5 3) Superoxide disnmutase

SOD (n=5). Tracheas were treated as the control group, with one addition

to the protocol; SOD (100 units/m) was ag@Jied to the extral um nal side

of the trachea 10 m n before the second provocation with CCh and SNP. 10

4) Hyper osnol avasuffesrt agri $OD. hier esmryher sopbfeoxi te mihshufase ¢8BED) was

used to investi f ect- of __super oxi de_ani o on the rel axi ng.effect
of SNP. After g%ﬁé%éigaﬁﬁléﬁﬁld%%??%%@él%%Er%h%nH%ﬁ%KﬁaﬁaglU§8dtPo%P§Iax
15 the CCh-conturagirt tdachen hiodtovwedldy 8o88:i¢isnywashout period, 100

u/m SOD was applied to the extralum nal side of the trachea (n=8) 10 mn
before changing the intralumnal buffer to hyperosnolar buffer. The

trachea t her Q) r.ac Lth, 1 p, M nd the effect of 20 3
nmM SNP magaitugﬁegﬁkgﬁg?ﬁgg%é?g§§%%%%t§%%l(%héfyéfga §3Pel PEFmEd SRR
Statistica sofdswarte (aersidn drdup Stal S6féne | 88dit Tohsge Ke HSALocen ;The

results were anal ysed with W/ coxon non-paranmetric matched pairs test and
Mann- Wai t ney USQE5t  AGferE HppiBhbr i %R . 2Pt 1 ahal 9 si ke bersehuginags side

Kruskal -Vl 11's o ANGNA ((BNal 981 S0 Qhi N abLADFE) « MBS USEHe BeSYLLS+A® with

' CCh and SNP.

10
4) Hyperosmclar buffer and SOD. The enzyme superoxide
dismutase (SOD) was used to investigate the effect of
superoxide anions on the relaxing effect of SNP. After a
first control challenge where 3 mM SNP was used to relax

15 the CCh-contracted trachea, followed by a 60 min washout
period, 100 u/ml SOD was applied to the extraluminal side
of the trachea {(n=8) 10 min before changing the

intraluminal buffer to hyperosmolar buffer. The trachea

was thereafter contracted with 1 puM CCh and the effect of

20 3 mM SNP was studied.

Statistics
Statistical analysis was performed with Statistica

software (version 5.0, StatSoft. Inc., Tulsa, OK, USA).

25 The results were analysed with Wilcoxon non-parametric
matched pairs test and Mann-Whitney U-test where
appropriate. For analysis between groups, Kruskal-Wallis
ANOVA (analysis of wvariance! wzs used. Results are

presented as mean values % s.e.mean. A statistical result

30 with P<0.05 was considered to be significant.




presented as mean values = s.e.mean. A statistical result 30 with P<d.D&PR 2004
was considered to be significant. 2 7 APR 2004 WD 01132202 PCTI SE00102153
17 RESULTS The initial CCh induced contraction of the trachea was cf the

sanme magni tude in the different groups studied (ns), 5 and aslﬁlﬁfgg ps
rel axed™SH183H¥%equent SNP (p<0.05) to the sane |evel (nd)CTHP s a

control to see that all tracheas were viable and had the éame initial
prerequisites. 10 1) Control. CCh produced a contraction of the trachea b
1.49 0.30 cnmH20 subsequent exposure to SNPB relaxed the airway by 53.1

6% i.e. to 0%% 3%11[3; cnH20 (see figure 1) 2) Hyperosnolar buffer. After

i ncreasing the 3 rity 15 of the intralumnal buffer to 450 nOSM the
CCh contraction was snaller (0.83 0.17 cnH20, p<0.05) than in nornal
conditions. Wen tracheas were subjected to intralum nal hyperosnol arity
SNP rel axed t h&heCHnigorty &Ged ndirdfe LBy FACt op (keth? guFeChF2 ¥ASs “was

a 20 significantly small er perceptual, .decre i €.+1,502QS r
control condi titE‘)'lr?)s/ 5(as[:neee e 1’Pl(raco Geegrlonup%rgeepi]of%%élfﬁg%i’%%%rSet%é.geg) r@%% SOD
had no effert emd halbasehime tanecehdt hanssey@snnoskibf {peenos) bebwedr SCD

treated and untreated 25 tracheas with respect to CCh contractiopL (SOD
treated: .1.36Samel3 &4AR0iNTnt rEst2dvaRe® dHIVELCL) CeoRER oF Fabr 21dNP

rel axati on (SO sal e, &, 1206, 10t L6atada seg. abpueind)igontrol) (see

figure 1). 4) per osnol ar er an in tracheas pretreated 30 with

SOD bef ore subjpctdaynidiecéstral um nal side to

10 1) Control. CCh produced a contraction of the trachea by
1.49 + 0.30 cmH20, subseguent exposure to SNP relaxed ths
airway by 53.1 * 6%, i.e. to 0.68 *£0.11 cmH20 (see
figure 1).

2) Hyperosmolar buffer. After increasing the osmolarity

15 of the intraluminal buffer to 450 mOSM, the CCh
contraction was smaller (0.83 * 0.17 cmH20, p<0.05) than
in normal conditions. When tracheas were subjected to
intraluminal hyperosmolarity SNP relaxed the CCH-
contracted trachea by 31 = 7% (see figure 1). This was &

20 significantly smaller percentual decrease than in the
iso-osmolar control conditions (see control group,
p<0.05) (see figure 1).

3) SOD. SOD had no effect on the baseline tone and there
was no difference between SOD treated and untreated

25 tracheas with respect to CCh contraction (SOD-treated:
1.36 © 0.15 cmH20; untreated see zbovs: 1} control) or
SND relaxation (SOD-treated: 57 *12%; untreated see
above: 1) control) (see figure 1).

4) Byperosmolar buffer and SOD. In tracheas pretreated

30 with SOD before subjecting the intraluminal side to

ow

hyperosmolarity, SNP relaxed the trachea by 46 = 5

L3

5

{

+ 0.29 £ 0.92 £ 0.1% —cmH20. This relaxation

L




hyperosmol arity, SNP relaxed the trachea by 46 1 5% from 1.67 T 0.292t/cAPR 2004
0.92 = C. 1 tires 20 This relaxation 2 7 APR 2004 WD {11132202

PCT/ SE00/ 02153 18 was not different fromthe rel axati on of SOD pretreated
tracheas in iscosnolar conditions, and it was a significantly |arger

rel axat iwo aisarozi n tracheas subjected to hyperosnol ar bufplcayrspaorbzisa
pretreated with SOD 5 (p<0.05) (see figure 1) . Exanple 2 The results in

t he organ perfusion bath have al so been 10 reproduced in in vivo

experinments. Thus, rabbits were anesthetized by intranuscul ar injection of
the fluani sonse and fentanyl citrate and byliantravenous i njection of

di azepam and pawasysed uifhepancuifowirumher arldea tirey ofWeOD ipitethad £dednd

ventilated with_a servo-ventilator 15 SEFS{TEnS 900). The inspired oxygen
fraction was 0,5 2TH83SaninaPsRBPe 241 ORI Ed 6 /f Gird ditf M@ groups: 1/

Met achol i ne (Ncgaﬁﬂiﬁﬂﬁan€¥90§@QgEQ %@1@ﬁa%®bﬁmﬁﬁﬂquiq&aéf é?nu MCh/ mi ;
2/ NO- MCh group ere inhalation of 80 ppm NO was commence ebe ore the Mch
provocati on ands2o]aaratdakpedyberoshe leemiiufder ofott e expertievdntit3/SOD

Hypertonic Saline - NO - -MCh _grqup, where hypertonic saline (3,6%
was nebul i z&d iﬁ?f)&‘lf_‘ﬁé)ai(ﬁﬁﬁyél\gblfr%oagd by NO inhalation and MCh

chal l enge; and 4/ SOD- HS- NO MCh group where 8 CO0 U kg of SOD was

nebul i zed prior to the 25 nebulization of HS and inhal ation of NO followed
by the Mch chakkemgée Reasurenents of respiratory resistance, cal cul ated
fro-. airway pressure and gas flow recording, were cal cul ated 30 at

basel ine and after the MCh challenge in each group. 2 7 APR 2004

The results in the organ perfusion bath have also been

10 reproduced in in vivo experiments. Thus, rabbits were
anesthetized by intramuscular injection of the fluanisons
and fentanyl citrate and by intravencus injection of
diazepam and paralysed with pancuronium bromide. They
were intubated and ventilated with a servo-ventilator

15 (Siemens S00}. The inspired oxygen fraction was 0,5. The
animals were allocated to four different groups: 1/
Metacholine (MCh) group, exposed to an airway provocation
of 1 mg MCh/mi; 2/ NO-MCh group where inhalation of 80
ppm NO was commenced before the MCh provocation and

20 maintained for the remainder of the experiment; 3/
Hypertonic Saline (HS) - NO - MCh group, where hypertonic
saline (3,6%) was nebulized intc the airways followed by
NO inhalation and MCh challenge; and 4/ SOD- HS- NO- MCh
group where 8 (000 U/kg of SOD was nebulized prior to the

25 nebulization of HS and inhalation of NO, followed by the

MCh challenge.

Measurements of respiratory resistancs, calculated from
airway pressure and gas flow recording, were calculated

30 at baselines and after the MCh challencge in each group.




CVO 01/32202 PCTI SE00102153 19 Results: Resistance (cm H2O' L/s) ~BL MCh?7 7LAPR 2004
544 1618 1s ** BL NO + MCh 2. 502 6612 BL HS + NO + MCh 3. 452 19022 **
BL SOD+HS+NO+MCh 103 15 * * T ** = significant difference between BL and
provocatlon@§5<0 01) T = si gnlflcant di fference between gProu S 3 and 4
after pP&V¢&Re4%n (p<0.05) _ Discussion: It can thus be *&d 3t he
rabbits react 5 with a strong airway constriction on MCh challenge wth a
threefold increase in resistance (group 1). The NO inha- |ation prevented
such increase (group 2) (a slight, non- sigaificant increase was seen).

Al so, nebuli Za]f{' on, of HS intothe airways abolished conpletely the effect

of NOin 10 halgt}on (group 3) Thus, the increase in resistance was of the
same nmagni t ude [FeesistaricBecrh HAG/L@oup, exposed sglely to Mch. Finally, in

t he group receiiving SOD by nebulization, the increase in resistance was

bl unted, de spifte th%tL NO ha%éﬁen given after admnistration of hy- 15

pertonic salineg ( 6 ﬁgﬁs—g%e I ncreasg,in rlesis- tance was only half
osed

that seen the grou er -

BL NO + MCh

2. 5012 66+12
BL HS + NQ + MCh

3. 482 190 £ 22 *x
BL SOD + HS + NO + MCh

4. 47+4 103215 h

T
BL: Baseline;

** = significant difference between BL and
provocation (p<0.01)

T = significant difference between groups 3
and 4 after provocation {p<0.05)

Discussion: It can thus be seen that the rabbits react

5 with a strong airway constriction on MCh challenge with 2
threefold increase in resistance {(group 1). The NO inha-
lation prevented such increase (group 2)(a slight, non-
significant increase was seen). Also, nebulization of HS
intothe airways abolished completely the effect of NO in-

10 halation (group 3). Thus, the increase in resistance was
of the same magnitude as in the first group, ekposed
solely to MCh. Finally, in the group receiving SOD by
nebulization, the increase in resistance was blunted, ads-
spite that NO had been given after administration of hy-

15 pertonic saiine {(group 4). Thus the increase in resis-

tance was only half that seen the group exposed to hyper-

conic saline but not S0D.




tonic saline but not SCD. 2 7 APR 2004 WD 01132202 PCTI SE00/ 02153 20 2ThgPR 2004
probl em wi t h non-responder phenonenon to inhaled nitric oxide has been
investigated earlier. It was shown that hyperosnolarity on the epithelial
side of the airway attenuates the effect of inhaled nitric oxide (Hognman
M 5 H owermgsizozHedenstierna G Increased airway osnol ari tperdeabbBisis t he
action of nitric oxide in the rabbit. Eur.Respir.J. 1998; 12:1313-1317)
and that this is likely to be due to an inactivation of the nitric oxide
nol ecul e (H oberg 3, Hogran N, Hedenstierng, G Hyperosnolarity 10 reduces
t he rel axi ng pqt.enc f_nitric oxide donors In _guinea-pig trachea.

Br. J. Phar nacol %%Qét,gﬁ]ﬁ“.‘3‘9319139]65’?‘rﬁéEBPé?ﬁgPP8nPﬁ@nﬁﬁegé’ntlY’é&@élrﬁﬂ e it
was found that »Rreneniiide tAgs PhOBHCEh0BSPE oSHBEr QXL4g Ll OO, Bl g,

trachea subjected to an increased osnolarity on t epi'thelial” side wll
i ncrease the rditdatiypeofstbbapiey oconthacepdtheadhaashyiet b€ nita iciwxdde

donor sodi um nitregprur[ssi de% 27€ R2X wo 0193@282 PCTI SEOQJ02] 53 . 21 CLAI M5
1. Use of inhaliB 15T ctoki GeiERb) ©Ti ARPALSFoRrATTdr gadEsuSHAGMaR Yxi de
or a ni {ricsoxixleulonery, |80k B: pebhBAL] OMNME LR SRS URELAY! el ¢y

n

scavenger for the manu- facture of a nedicanment for treatfng airway
constriction iimbEhmethe eapetpal P§ nanrisapdidenbnnahieomrabdiing used in

e o ool PRI S ST 9258500 LT, Rl RS S AL

to be due to an inactivation of the nitric oxide molecule
{Hjoberg J, HoOgman M, Hedenstierna G. Hyperosmolarity

10 reduces the relaxing potency of nitric oxide donors in
guinea-pig trachea. Br.J.Pharmaccl. 1999; 127:3%1-396).
Accoxrding to the2 present example it was found that
preventing the production of superoxide from guinea pig
trachea subjected to an increased osmolarity on the

15  epithelial side will increase the relaxation of the pre-

contracted trachea by the nitric oxide donor sodium

nitroprusside.




is an inhal abl e medi canent. 3. Use according to any one of clains 1-277 APR 2004
wherein said airway constriction is the result of an airway hy-
perreactivity or asthma. 15 a. Use according to claim3, wherein said

ai rwaywgenshhiction is associated with asthma bronchi al @CTEE0MSIaccor di ng
to claim4, wherein said airway constriction is associated with an acute
condition of asthma bronchiale. 20 6. Use according to claim4, wherein
said airway constriction is associated with status asthmaticus. 7. Use
according to any one of clainms 1-6, wherei it said manmmal is a non-r esponder
to inhalation of nitric oxide or nitric oxide donor only. 25 8. Use
according to any one of clains 1-7, wherein said manufacture relates to a
medi canment for sequential adm nistrati ogLaEMS8aid nitric oxide and said
superoxi de anion scavenger in any order. 9. Use according to any one of
clainms 1-7, wherein 30 said nmedicanent is in the formof a conposition
conpri sing said nitric oxide and sai d superoxi de ani on scaveng- er for

si nul taneous adm nistration.th f 1Q.. Qi 0 fhyrpaerfimt he
preceedi ng cl a- insf‘mﬁ%?e?ﬁ %§ﬁ§935%§r%%F e?%ggﬁg%geg??i'selected from2 7
APR 200h WD 01482882 BGF BEO@102153 d&2 arhee gridupt ©ovsi 8¢ i AGNOF + emByABY  and

anti oxi dants having. Hne; 8Bl Li LAl &SI SHRS:OK Age af 0RS tnélnabhe
according to c a|n118, wherein the superox- ide anion,scavenger i S ion
super oxi de di shachgee BI12. mgsk cacsrdi iRy (' @Bt ™9 121 TYR%r EPHSTR&SH0SE of

super oxi de di spyt gsgaima,t Righdhie rangesof da0P0c&dodfftion being used
in a theraputically effective amount to accomplish relax-
ation of said airway constriction.

10 2. Use according to claim 1, wherein said medicament
is an inhalable medicament.

3. Use according to any one of claims 1-2, wherein
said airway constriction is the result of an airway hy-
perreactivity or asthma.

i5s 4. Use according to claim 3, wherein said airway
constriction is associated with asthma bronchiale.

5. Use according to claim 4, wherein said airway
constriction is associated with an acute condition of
asthma bronchiale.

20 6. Use according to claim 4, wherein said alrway

| constriction is associated with status asthmaticus.

7. Use according to any one of claims 1-6, wherein
said mammal is a non-responder to inhalation of nitric
oxide or nitric oxide donor only.

25 8. Use according to any one of claims 1-7, wherein
said manufacture relates to a medicament for sequential
administration of said nitric oxide and said superoxide
anion scavenger in any order.

5. Use accoxrding to any one of claims 1-7, wherein

20 said medicament is in the form of a composition compri-
sing said nitric oxide and said superoxide anion scaveng-
er for simultaneous administration thereof.

10. Use according to any one of the preceeding cla-

ims, wherein said superoxide scavenger 1s selected from




U kg, preferably 5 000-15 000 U kg and nost preferably 8 000-12 000 L}/kg

13. Use according to claim 10, wherein said superox- 10 ide scavenger i .SAPR 2004
selected fromthe group consisting of vitamn E, vitamn C, bilirubin,

urate, butylated hydrox- ytoluene, butylated anisole, propyl gallate,

et hoxycwmoi/amad2 sel enium 14. Use according to any one of rchesepsensedi ng

cla- 15 inms, wherein NOis present in said nedicanent in an anount of

1-100 000 nnol/mn. 15. Use according to any one of the preceeding cl a-

i ms, wherein the concentration of NOto be inhaled is wthin the range of
1-180 ppm preferably 1-80 ppm espe 20 ciaffy 1-40 pprr., said NO being

present in a cakll ML XL @r a r.di of
t he preceding ?Ihé'- grncg?‘év\ﬁgl?%?%éég?dbzi %Piz%g(?)%i glddogﬁlgrl%%%ge%e%%aa% om S-
ni t roso- N- acet fhserfilsi 118 @, remavings sepsrexide mintcoys .25 russi de,
ni trosoguani dine, glycergbe t&bablaahs, thSeARY by 101t Lhfeee ! DU byl L €
azi de and hydroxyl arnine. 17. PharmacCeutical preparation Por treatnent of
ai r- way const Bt B PR BCHERRERT eSpSEPEryigen didTudieSsom prises nitric
oxi de (NO,sin the fiar moée gas60¥Si At EbCc3QipXhde Qhedelid iHe Qe Jfonor,
In conmbination with a su- peroxide anion _scavenger, said nitric oxide and
said su- peroxisd’é’eai’:rﬂ’bho‘%cg%éﬁdéﬁ‘sﬁeilﬁgwﬁrtgé@ntt i€n T& e dpSutq Q0 A 18P0
ef fective amoumt/icp, asconpreshyr el apat-nen ool $gikg =aid WasCoRdfdednion.s 35
18. Phar rraceuticoaol_r#egqléa&i/gn according to claim 17, for use as defined
in any one of R 2-10. g

13. Use according to claim 10, wherein said superox-

10 ide scavenger is selected from the group consisting of
vitamin E, vitamin C, bilirubin, urate, butylated hydrox-
ytoluene, butylated aniscle, propyl gallate, ethoxyguin
and selenium.

12, Use according to any one of the preceeding cla-
ims, wherein NO is present in said medicament in an
amount of 1-100 000 nmol/min.

15. Use &ccording to any one of the preceeding cla-
ims, wherein the concentration of NO to be inhaled is
within the range of 1-180 ppm, preferably 1-80 ppm, espe-
cially 1-40 ppmr, said NO being present in a carrier gas
or gas mixture.

16. Use according to any one of the preceding cla-
ims, wherein said nitric oxide doncr is selected from S-
nitroso-N-acetylpenicillamine, S-nitrosocysteine, nitrop-
russide, nitrosoguanidine, glycerol trinitrate, isocamyl-

nitrite, inorganic nitrite, azide and hydroxylamine.

17. Pharmaceutical preparaztion for treatment of air-
way constriction in a mammal, especially man, which com-
prises nitric oxide (NO), in the form of gaseous nitric
oxide or a nitric oxide donor, in combination with a su-
peroxide anion scavenger, said nitric oxide and said su-
peroxide anion scavenger being present in a therapeuti-
cally effective amount to accomplish relaxation of said
airway constriction.

18. Pharmaceutical prepsration according to claim

17, for use as defined in any one of claims 2-16.






