WO 01/ 32202 PCT/ SE00/ 02153 Use of nitric oxide for the treatnent of airway
constriction Field of the invention The present invention is within the
field of nmedicaments for the treatment of airway constriction in a mamal,
5 especivg digasmen. Particularly, the invention is convemrprcesEe/d2083 enhanci ng
the effect of nitric oxide treatnment or producing an effect of nitric
oxi de in non-responders. Backaround of the invention 10 Nitric oxide

rel axes airway snmooth nuscle (Selvisi M Stretton CD, Barnes PJ. Ntric
oxi de is the endogeneous neurotransmitter of bronchodil ator nerves in
human airways. Eur. J. Pharmacol. 1992; 210: 221-222), and 15 inhal ation
of exogenous nitric oxide attenuates bronchoconstriction in the response
to various agentgel niaaer?aeéyroamﬂzatéamqtmmma [a4pstye1 EMon Shor e SA,
Drazen JM Froste C, Hil Zapol VOL Bronchodil ator action of
inhaled nitric oxide in guinea pigs. J.din.Invest. 20 1992; 90: 421-428;
Hogman M Froiield 6F tebigrverdtiorddedenst ierna G Inhalation of nitric
oxi de nodul ates nethachol i ne-i nduced bronchoconstriction in the rabbit.
Eur. Respir.J. _1993; 6:177-180; Hogman M _Frostel]| Hedenstrom H,
Hedensti er na T8¢ IRFEFERT G ERGHAT |38 d%tﬁ‘énzﬁhﬁnﬁh?(ﬁe%f TR ACTRFRES
bronchi al tonfor Athe Revedlasenty .di airwi398pnstticBidn7in Jaﬁr&)mmaetterrpts have

el ot on e RE SRR £ AN B8 RBRAERoRN § Cdyeitiads,
oxi de for trek@¥ %‘Eﬁl&%(ﬁfsﬁﬁqtctqfoﬁléﬁélcp%h%a@iﬁ AT ri cti on.
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Background of the invention

10
" Nitric oxide relaxes airway smooth muscle (Belvisi MG,

Stretton CD, Barnes PJ. Nitric oxide is the endogeneoué
neurotransmitter of bronchodilator nerves in human
airways. Eur. J. Pharmacol. 19392; 210: 221-222), and

15 inhalation of exogenous nitric oxide attenuates
bronchoconstriction in the response to various agents in
laboratory animals and humans (Dupuy PM, Shore SA, Drazen
JM, Frostell C, Hill Wa, Zapol WM. Bronchodilator action
of inhaled nitric oxide in guinea pigs. J.Clin.Invest.

20 1992; 90:421-428; Hb6gman M, Frostell C, Arnberg H,
Hedenstierna G. Inhalation of nitric oxide modulates
methacholine-induced bronchoconstriction in the rabbit.
Eur.Respir.J. 1993; 6:177-180; Ebgman M, Frostgll cG,
Hedenstrxdm H, Hedenstierna G. Inhalation of nitric oxid=s

25 modulates adult human bronchial tone. Am.Rev.Respir.Dis.
1993; 14£:1474-1473). Attempts nhave been made to relax
constricted airways of asthmatics by nitric oxids
inhalation. EP 560 928, US 5,485,827 and 5,873,359
disclose use of nitric oxide for treating

30 Dbronchoconstriction and pulmonary vasoconstriction. It

has however been found that the effect 9oZ the treatment



showed great inter- and intra- individual variability, and sone asthmatics
were non responders with no .dnprovenent at all by nitric oxide (Hagman M
Frostell CG HedenstromH, Hedenstierna G Am Rev.Respir.Dis. 5 1993;

148: 1474 wolga@p202Pat i ents with ast hma have varyi ng degr e@STiSE0MR2IS3ay wal |
oedema (Jeffery. P.K (1998). Airway pathology in asthma. |In Asthma. Basic
‘mechani sns and clinical managenent. eds. 10 Barnes, P.J., Rodger, |.W and
Thonpson, N.C. pp. 47-64 San Diego, CA US. Academic Press.) It was

A
suggested that the oedema could be the explanatiqon for the ~variations in
the effect of raMed GKeas IBERYT MPRYstid cdndiyigual yUsriabibbts the

effect of nitrighdlsdne datanatBtsagded i irddpendeREoRghRCABStriction is
abol i shed by increasing the ospplarity of the surface |iquid by nebulising

hypertoni ¢ sal iimPraeFiens Rt pLbbRY ritriqrdds: i dHRgman ¥ncFeaSerl hi rvay

osmol arity inhidit 3{eéé?€st Il 8N REqfhdi] Spxide m.ka%.ﬁéggihnis._ _
Eur.Respir.J. 20 '1998; 12:1313-1317). Also, in guinea pig trachea in vitro

the. effect5of ¥R A48xildd4ddABBE.is attenuated by adding NaC to elevate
the osnolarity of the buffer perfusing the lunen of the trachea (H oberg
J, Hagman M  Hedenstierna G Hyperosnolarity reduces the rel axing 25

pot ency of ni t rRati@nitee withoasthma gheveargyging degeees BE. diPhay nezbl .

1999; 127:391-396). T faore the,maj obl.em hehind,this ipvention was to
establ i oh why (RESHA dOSESSEYr oBcor (1T e AT BATEBIRBY WA <ap Ehka.
general |y redugetd adtHmd.h@asgli cWagchani e drxd obipared manhypmensinédsity.
Based on the findings thereof _a sol utionrt§10 ai d problem has now been

found, viz1% WBXPER2307 -pCRPEEBH/ 0D1%3 2 S6f: cHnbouRBs $4vPhg t he

ability of courd#y afildgdd CA, U.S.A.: Academic Press.) It was suggested

that the oedema could be the explanation for the
variations in the effect of nitric oxide seen in
astmatics. In a study in rabbits the effect of nitric

15 oxide on methacholine-induced bronchoconstriction is
abolished by increasing the osmolarity of the surface
liquid by nebulising hypertonic saline (Hbgman M, Hjoberg
J, Hedenstierna G. Increased airway osmolarity inhibits
the action of nitric oxide in the rabbit. Eur.Respir.dJ.

20 1998; 12:1313-1317). Also, in guinea pig trachea in vitro
the effect of nitric oxide donors is attenuated by adding
NaCl to elevate the osmolarity of the buffer perfusing
the lumen of the trachea (Hjoberg J, Hb&gman M,
Hedenstierna G. Hyperosmolarity reduces the relaxing

25 potency of nitric oxide donors in guinea-pig trachea.
Br.J.Pharmacol. 1989; 127:391-39¢).
Therefore the main problem behind this invention was to
establish why the dilatory effect of nitric oxide on

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

a solution to said problem has now been found, viz. a



said reduced effect of nitric oxide. Accordingly one object of the present
invention is to 5 provide suitable conpounds.to be used for relaxing the .
ai rways. More specifically, the purpose of said conpounds is to acconplish
a rel axat}] he airways. 10 Anot her object of the ig%eﬂg' ks to

provi de stﬂhaltélrnéﬁ conpounds to be used to counteract reduce (r?/e lg‘ii ng
effects of nitric oxide when used alone, preferably for wuse in
non-responders to nitric oxide alone. 15 A further object of the invention
is to acconplish the use of a pure inhalaBl e medicament. Qther objects of
the invention sheouf b2 epfpoends tavdng?@hpeabbhitskidl exbuntexrhetang after
havi ng read the description | qw.__Summary of . the invention 25 The

above- nent i onedsﬁbﬁeEFg‘Q%%gv%ﬁee%s oofﬁﬁ‘é'ttrﬂ%j 88t%%of the invention, which
can be gathered by a person skilled in the art after having studied the
description below, are acconplished by the use, nmethod and pharnaceuti cal
preparation def PREATFHNGHE %fg;cpcﬂﬁi'ﬁﬂﬁ 5 EP’ﬁi RESsept I\?tﬂvee%t}}é’&pflisc&f’l Y,
according tosa birhghdaspectamie ldipduiddNtboBe tiss® for Helwixded @8huse of
inhalable nitric_ oxide(NO in the formof gaseous nitric oxide or of a WO
01/ 32202 PCT/ SE@X*B2Y¥83 4 nitric oxide donor, in conbination with a

super oxi de anion scavenger for the manufacture of a nedi canent for
treating airway constriction in a mammal, especially man, said conbination
bei ng used i n aMpier 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.

Summary 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 of gaseous nitric oxide or of a



5 effective anbunt to acconplish relaxation of said airway constriction.
Thus, according to the present invention it was surpris- ingly found that
t he reduced rel axi ng effect of exogenous 10 nitric oxide, found in trachea

subj ect edvé g1/42pd2r al umi nal hyperosnol arity, is, at-least pgaidehderréhie t o
superoxi de anions. Superoxide anions can be produced by several cells in

15 isol ated guinea pig trachea (Sadeghi-Hashjin G Henricks PA Folkerts
G Mis T, Garssen J, Nijkanmp FP. Role of 4the epithelial layer in the
generation of snjperiexicdedeadicnnrhyinheogbimetaigy griitdvlaaisapetrbaitea.

Medi ators. Inflamm _1998: 7: 35-40. nd_t he i1l rgpidly 20 react _with
nitric oxide t otV TErSRAT é?&tgﬁuWQmﬁégglﬁfd | & éd?ﬁ@mﬁﬁﬁcf?‘ﬁn of NO
Wi th super oxi decrdateimg fFdwayResnceriubiod 908,a kikmhiR3-, 188peSananyMuaM chel

C, Bors W ReactJ{an of. NOw th 02-. inplications for the _action of
endot hel i um deF3VEFTHRLIRRLAGN; Redpy ¢ n mghsrapertdcali¥s. Conmun.

1990; 10: 22%- 228f fecteieDatiduhti €8 abSoPP¥Eh 10 1GAERE ol SFURa A Hi¥w£§§°°y
NW Royall JA, Ye YZ Kelly DR Beckman JS. Evidence for i1n vivo
peroxynitrite pFORITEEI™n human acute lung injury. AmJ.Respir.Crit.Care
Med. 1995; 151:1250-1254; Becknan 30 JS, Beckman TW Chen J, Marshall PA,
Freeman BA. Apparent hydroxyl radical production by peroxynitrite:

i npl i cations focfhhd@®aserdingi Aputhef poesent rinventiida dtndwasuperpxise.

Proc. Nat | . Acad. §¢iiJU £ A ; : 2 _RCT/ SEQQ 02153 5
1624.) and to iﬁ%ule): ai r\?ﬁ%gﬁgpgﬁgrégégﬁggv)g#eagé%%( 55%3% %gﬁ?ﬁﬁn&ls
Fol kerts GlOHemitxkis RXidger fleyad AK tracimealeyudjientedHio vanrAléminaloene

A Njkamp PPy PeroxyantiiLe 1 gucgs gLLYeYINgerr espopsi veness o,

anions.

Superoxide anions 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 epithelial layer in the generation of superoxide
anion by the guinea-pig isolated trachea.
Mediators.Inflamm. 1998; 7:35-40.) and they will rapidly

20 react with nitric oxide to form peroxynitrite (Huie RE,
Padmaja S. The reaction of NO with superoxide. Free
Radic.Res.Commun. 1993; 18:195-199; Saran M, Michel C,
Bors W. Reaction of NO 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
peroxynitrite production in humanm acute lung injury.
Am.J.Respir.Crit.Care Med. 1995; 151:1250-1254; Beckman

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

superoxide. Proc.Natl.Acad.Sci.U.S.A. 1990; 87:1620-



5 guinea pigs in vitro and in vivo. AmJ.Respir.Crit.Care Med. 1996;
153: 1697-1701.). More specifically, it was found that when a scavenger of
superoxi de anions, in the formof a superoxide am on 10 scavenger, was used

in conbi RghloPihad th @ nitric oxide donor, the rel axing peffseodozeds t he
nitric oxide was poten- tiated, or the reduced effect of nitric oxide al one

was reversed. In other words, the problemw th poor response. or
non-response to nitric oxide treatnment of @irway con 15 striction appears
to be an inactivation of the nitric ox- idé nolecule. As to prior art in
this respect, fdf2¢nktaRdetq HaduRe SHFYWRHGhYREE veeRANSIVEReBS. 20 WO

96/ 39409 di scl 0?@§g&§ﬁ?%§jﬂmfﬁ, oo fezes 80/ MinF kSRS YepREPEhIER, The
conmpounds can be adninistered with nitric oxide or nitric oxide adducts.

The conpounds aven dexfldnde i van Agki ki | GoeRe dry NildGF@eFE-in mamal s,
25 particul arl ypgy%itﬁg&\é%d@ergeg&wggdhﬁe%ﬁgnm@ﬁeshl shed

I nfl ammat ory di sor ver, there is"noin- formation of inproved
dilatory eff®ctgoineéhepigs waysritro endasnhviver orfghiBlRespdrnbrite€areed to.

30 The use of suyperoxigde. i ) > sy,for a nedical pur- pose is also
di sclosed in V\duggl 3?%%%’ %bm;l\cls?r[’,eqtgﬁé‘)freat ment disclosed relates to
conditions associated with oxidative stress or endothelial dysfunction.

Furthernore, "1l VDOl/f\%f%é PCT/.SEQQ 02153 G}?the ef fect dfois
intracel lul ar. Y'A¥BtfRFC 1Yo & ¥a8; EOURE £ eheh BT & I?lcﬁgggé%%e%% t he
two uses, re- spgpér¥gide diiths,tlie thkerenaeof a aniguwmxideaahiohi ng of
conditions in WD 99/ 37616 rel ates, to a conditjon associ .. . .

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 inflammatory disorders. However, there is no in-
formation of improved dilatory effect on the airways,

i.e. asthma bronchiale is not referred to.

30 The use of superoxide ion scavengers for a medical pur-
pose is also disclosed in WO 99/37616. However, the
treatment disclosed relates to conditions associated with

oxidative stress or endothelial dysfunction. Furthermore,



5 ated with oxidative stress or endothelial dysfunction, which is the case

in airway inflamuation and vascul ar dysfunction disorders, respectively,

and not to airway constricction as in the present invention. The present
i n- ventwomys®enot dependent on any endot helial dysfunceCHSEOARISRat her t he
effect seens to be an epithelial one. Further- nore, it is generally

‘extracel lular. Endot helium dependent activity of a superoxi de anion

scavenger is also referred to in Medline, sgaccessi-on No. 15 1999104010.

rurthermore, Sghd @eRLd e skl Y9801 hPrabOMPRLL Ot diddhd, Rrds,
transpl antation onTy and 1S ‘Mted to a pul nonary vascul ar effect. US
5, 747, 026 r el atberé¢ caxe it fimegfcede liny sindgberwéaxi thewamses.oreel | s and

ti ssues. The conpounds, are.,delivere | sensj il | J RS- i
method of del i GBRERE SHY" Tl o e GereR e SEO LA R, %fg?asglﬁgn%%
t hi ngs, preveabnigsbopasin afal qa/3neEsr yellakesi ty af cehdigrism @asocdant s and

preserve the actign of nitric oxide. The ex 2 erl tal data .provided
only show that aﬁﬁai‘&?ﬁa‘h’f HPerve KSR Prae{}gg@iﬁ?'%?aa‘pecfya%éfrf%foé]f'f ect in
certain ani ml yh@X¥Reié NEwd Scaskalre aAafo 188l ampd€sem el Wil oxXi -

dants m ght strengthen the_relaxing effect on airways of inhaled nitric
oxi de. 30 | n PeYFhuRCtiRR digppdentd. regPegtiNet¥: | NG JRLPAHYa udy of

the effect of pRSEP-aAdibnhad 6th G3%E Q4% MR Oinvalt BN ArYhd Rasdeaftsien in a
| anb nodel . However, there is WO 01/ 32202 PCT/ SEO0/ 02153 no suggestion

what soever con¥8RRiLAY 4hynet fdanendant ke agyr apgethebial | BEHAEIR-i on of
the I nvent4pn Rgther the effect seems to be an epithelial one. Further-

more, it is generally extracellular.

Endothelium-dependent activity of a superoxide anion

scavenger is also referred to in Medline, accession No.
15 1999104010. 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 the relaxihg effect on airways of
inhaled nitric oxide.

30
In Pediatr. Res. 1999; 45: 293 A there is disclosed a
study of the effect of rhSOD and inhaled gaseocus NO on

pulmonary hypertension in a lamb model. However, there is



The conbination of nitric oxide and a superoxi de anion scavenger according
to the present invention can be used for the.manufacture of a nedi canent
for treating all types of constriction challenges in the airways. Such 10
constri ct wgoibmk! enges can be the result of airway hy- per/seseniissyity,
asthma and ot her conditions causing airway constriction. A preferred
enbodi nent of the present invention is in the 15 manufacture of a

medi cament for treating airway constric- tipn associated with asthna
bronchi ale, especially an,acute condition of asthnma bro Ehiale. An
especi al |y pref &FUgoesbdannEhrtareYee MFETOHEE PEY ?g TEF LeAESd by the
treatment of a npWBlysWho has been shown to be non-responding to

i nhal ation of nitric oxide (gaseous or in the formof a donor) only. This
enbodinent is of significant clinical inportance since within dif- ferent

patient groups tde%%tiq@awatsecwg@%sﬁ ﬂ;‘ tHHe iQedt®i135 there is generally a
| arge group of non-responders. ccording to one enbodi nent of the

invention nibric oxide is used in gaseous, inhalable form Inhalation of
gaseous i triCool dBniB%at EBACSEN1 A £ ORI RIUAR! BOBupOrsRRIARIGH) ©. 0.

I n conparison w a non-gaseous nitric oxi onor, as the gas has no
particles or dr guestenger despeding atel the aresent iovenbiersean Aouped act .

Gases have long free- diffusi t L Ly, b S i-ons (such
2o 111 W0 01/ 39568 Eof uepyTStuEs' of & editahste ¥BRCE0RbiG O, 12
directly in tissymeswofheohstaiistbon i chplctengesbionthespaswaydhesusdnefi ci a

ff f NO br. hi al h I ' : | ' I
Fol Lovi ng | el SOPGR2 AR PRy R Fondes Satie PP, FRaRah.2F gl T =1 €Y

bronchospasm t hglerg@achéviiel; 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-reéponding 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-responﬁers.

According to one embodiment of the invention nitric oxide
is used in gaseous, inhalable form. Inhalation of gaseous
nitric oxide may represent a great advantage in therapy,
30 e.g. in comparison 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 free-

diffusion pathways, easily bypass obstructions (such as



| owed, if desired, by inhalation of |onger-acting agents. According to
.anot her enbodi nent of the inwvention, how ever, as defined above, the
nitric oxide is admnistered 10 in the formof a nitric oxide donor, i.e. a
conpoundwohas220mct by releasing nitric oxide. Known ni tPCT/SESR02183 r el eas-

I ng conpounds useful in practice of the invention are ni- troso or nitrosyl
‘conpounds such as S-nitroso-N acetyl penicillamne, S-nitroso-L-cysteine and
15 nitrosoguani di ne, characterized by an -BO noitey that is spontaneously

rel eased or ot Bghukeectédnsimidyey ,f kol BhesoeaN@iFskbtIndem piiwsud ogi cal
conditions such as obtained in the |ung. O her conpounds are conmpounds in

which NOis avWiFBanl emusing dFRaGIATnEranchefRRek: amf £ERRIIFH 20
readily rel easg@r@brt HRNGH GdSbrf DA aE BRI diistere tUhesiiQ) -cal

conditions, e.g. nitroprusside, ferredoxin, or an NO hene_ conpl ex.
Further suitabBervaf iogediatonaifivligwisspénhabatien comdoarai NAud dpear e
nmet abol i zed. by ZY0 e : h ' Y, cul ar
systemto gsroda:gg ?Egéﬁogggécfégll%éeﬁgs% %gﬁg‘?ﬁéﬁ% ,&glg%%%%en?@at e,

i soanyl nitritelowed;gafi desiwed, thy, ismhiadetand ofdlongdaractngSwrgentgpes of
nitric oxide releasing conpounds and nethod for their synthesis are well
known in the art. Preferably the nitric oxide 30 donor is a conpound that
rel eases nitri ecesdéngnts uivtthemankidddimean| g£t tive ad tiwerytsi and Hdwe

pul nonary vessels are ffected.. WO 01/32202 PCT/ SEQO0/ 02153 . 9, The njtric
oxi de donor us&YSFn ?ﬁeg?%*fé?‘ffia&?"r%y KE BASTHE nPEELT etf a%ét&lrbloﬁ/&?erre(‘# _e.
finely divigedigokhd, forhhef a pliddidedxidecdbfiofs f. 81 Xd Wsmpdddd &hat
biologically com patible carrier powder, or_wth ope pr'nnnf addi tional 5
t her apeuti ¢ cofFGuRdsFebrasing "Pifcﬁ)}icdﬁ":lé‘?-d@%’f‘v%blt’a’rc oxlde releas-

ing compounds 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 otherwige transferred from the
compound under physioclogical 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

physiological conditions, e.g. nitroprusside, NO-

25

30

ferredoxin, or an NO-heme complex.

nitrogen-containing compounds are
metabolized by enzymes endogenous

and/or vascular system to produce

arginine, glycerol trinitrate, isoamylnitrite,'

nitrite, azide and hydroxylamine.

Further suitable
compounds which are

to the respiratory
the NO radical, e.q.
inorganic

Such types of nitric

oxide releasing compounds and method for their synthesis

are well known in the art. Preferably the nitric oxide

donor is a compound that releases

nitric oxide in such a

way that only the airways and the pulmonary vessels are

affected.



suspended in a biologically conpatible liquid carrier, optionally m xed
with one or nore additional therapeutic conpounds), and can conveniently
be inhaled in nebulized form (preferably includi'ng particles or droplets
havi ng a woolsmoet er of | ess than 10 gm. Carrier |iqui dcTsegoasaders that
are suitable for inhalation are commonly used in traditional asthma ]
I nhal ation therapeutics and thus well known in the art. The optinmal dosage
range can be deter- mned by routine procedures known to the skilled man..

15 The super oxi ani on. scavenger t S .ot | sen- L cgl_be any
conpound recogn&gsdn grb%ic?\ﬁlé;%i oa{ﬁ%ep“t%ga rﬁrgn#g iia}g‘{ér{e’:\sig%ci a I%ehgfaran, use,
whi ch can be conyfistéead|ys adpovderdiicd. Sanely ubiriddédiecddidonedthernger

can 20 be an enzyne, haying the ability of renpving .superaxi j.ons.

Super oxi de disnﬁ¥8¥é9?é %.ﬂ%ﬁﬁfwﬁ%ﬁhﬂxﬁﬁaaﬁywﬁ?%- t?*é%ﬂﬁ% agﬁfygghfhat is a
preferred conpoypdibDe éderise povdeds,diokgwl ehtdige i sw amideoadditdonaper oxi de
ani on scaven- ger can, however, al sqQ be another compound havi t.he 25
ability of sTavEREFABLYEHESATRRMNGR) 0L, aExénﬁ*%Piéqinﬁﬂ1 Hﬁﬁﬁﬁgﬁﬂdgrare
antioxi dants, egfgp¥hidd Ink Vidwgitally BbhpitihIe LAl dakiykated

hydr oxyt ol uene, bufylated hy- droxyani sol e, propyl_ gallate, ethoxyguin and
the trace eIen@ﬁtl§éﬁthLWﬁx%ﬁ)Wﬁﬁp<9§ﬁp8ﬁeﬁ?§eu%@éé%&ﬂﬂﬁ%ﬁqﬁfr?Beﬁﬂéc

| nvention can b‘éoﬁg’ ufi gy ?tﬁ@%m’c&ﬁméﬁtﬂﬂﬂe aMand 1 &n |n'é'b&tl§&ed_

devi ces. Conpress 8 NO gas may be obtained froma commercial sup ~Ili WO

0182202 PCT/ SEO6peR1%grefierahlvrinalpsding paraichesi ot Wrordets bayddg fpm NO
'n pure N21(();as aigtzti\ieger[\'looyz.l.gsass trpla?(r} liroe wr;rl?y Bgrlg:?elxi' Vlefcfﬁq.déqta%dt ngders

that are suitable for inhalation are commonly used in
traditional asthma inhalation therapeutics 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 be 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 the invention. The superoxide anion scaven-
ger can, however, also be another compound having the

25 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, ethoxyquin and the trace
element selenium.

30
The components used according to the invention can be ad-
ministered by, commercially available, inhaler devices.

Compressed NO gas may be obtained from a commercial sup-



I nhal ation gas in an amount of 1 - 100000 nmol/mn or, may be m xed with
air, oxygen or another suitable carrier 5 gas or gas mxture, generally to
a concentration of 1 ppm to 180 ppmof said m xture. For inhalations
during ewoeémmsziad periods of time a range of 1-40 ppm i ScaRRed @83y
utilized, while 1-80 ppmor 1-180 ppm nmay be used for shorter periods of
time, when an i medi ate strong effect 10 is desired. Especially preferable
ranges in the |ast- mentioned cases are 43,80 ppmor 40-180 ppm respec-
tively. As to féﬁ;.t her tdet.ai &% concer nj n%ii nhal ati on of NO reference is
made to the prifr-Srt “Y@IF2-EP 8802 9B BT ¢he& 0 -2009sePR HP hAi BRCEs

her eby i ncor pones efhdly sadtieNo-f5 686 emiktutdlinhy Pl ivERRANEhELCLRI de
and the superoxi de ani on scavenger can be adm nistered sequentially in any
order, or they dmlsdiondogrsi sneandandunt tehdous|1y00000 nmel/atheorgase
either 20 with . ents.fro rate _soqurces a e sane, tine
or together, Orr{iﬂf#e}("ﬁg g[r)%;‘]gp gl%brr%g(og%?oor{ SR ?Fﬁgahgﬁhciﬁﬁﬁi tric
oxi de and sé&i d gasergage markure, sgenergEly 25 alhwreperaxida 8fi ONppm
scavenger can he I nister.ed_i.n the sane_manner _.as NO i.e. by

i nhal ation, but °a|also E’?mof’ﬁeﬁalaom%“’é%lmEfﬁ%t%"i"ﬁlﬁﬁlf’&?ﬁt guripg ex-

phar maceut i cal serfEmperivab bOULeGe r£f RIRRC AN doe ppRdest geaubhipgual
oral, and rectal, admnnistrations, application to epithelial 30 surtaces,
and inj ection, WHilFSTay “Be §uﬂ)6§19a?£‘5&§;’ 1 1-80% PRFUSEY Be, uBA€r B9Enous or

i nt raperit onealshdtefrepablivds Beveves, Wik %%Mﬂ%t@”"s%oﬁﬁaéff% s
adm ni stered by inhalation. Thus it nmay be adm nistered as a~pow

01/ 32202 P&¥/ SEGLFITS- 1¥sReF{rlEy prefanpkiies igagesoindthei Laet- provi ded
pure or as a FieHtdohed tlsBsbhok 08h C5 |yt YWl Bled Gak | fLsBouder

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 oxide and the superoxide anion scavenger can
be administered sequentially in any order, or they can be
administered simultaneously, in the latter case either

20 with the two components from separate sources 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 the
same manner as NO, i.e. by inhalation, but also by other
common administration routes for pharmaceuticals. Among
such routes referenée can be 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 scavenger is administered

by inhalation. Thus it may be administered as a pow-



or with one or nore additional therapeutic conpounds) or as a liquid(i.e.
di ssol ved or suspended in a biologically 5 conpatible liquid carrier,
optionally m xed with one or nore additional therapeutic conpounds), but
can convewodigtdoty be inhaled in nebulized form (preferaidysEongissi N
particles or droplets having a dianeter of less than 10 m. Carrier

| i quids and powders that are suitable for 10 inhalation are commonly used
in traditional asthma inha- |ation therapautics and thus well known in the
art. The superogégei @i O 3y @NY8HelSsYBEd, Ié’it@letrhg&@%aga-pﬁfélar as
effective anount, such an anmount being easily es- 15 tablished by the
skilled artisan® BEFaNRMitheePiglpdisallncanpas iblec sapsing PREdRBNd t he
route of admnisprgse il oS mpheUblabe: GRPA e R 1ACESAJokAL) &k I 0 the
art the term"therapeutic” in this respect as well' as in general in the
descri ption andaglai heawitdmeas déssplvpdyor Guspendedt dpaankbhelegiomlly as
treat nent of. an ' ndi_t | Fur.t. e. ."ther uf i Ly

ef fective" iss ﬁ%ﬁﬁg %%Bdf éﬂﬁﬂgu ggnggg# %gf’ i%‘g%l%(;n{%ﬁ&wmﬁﬁ%ﬁ %?g %Jé%ﬁ%ﬁ cal
field, as is e.mgoreaiddicdanalERheg8peE8idlcomgfoamdad ,t butabsmecomydmrough i n

general in this,s | f.i c .case the su 25 peroxi de gnion_scavenger. i s,

Cher apeut | cal |y 8F7 L% ¢ e et §p° HeBR) P40 o8, B -REgERPLE B ading

obt ai ned when usangicled rdxc drspdetenhyvixig ehldisaeseirhefeléesttidnmidric

oxi de alone. However, as a_guidance it can be added that for_superoxide
di snut ase an eflBkt iGArTieTe 1ignddsnayd iRpwdars3thatanze seitabby-Bwr 000
units per bo e’ Kk 00s -peLng fanabl e
range and gﬂ’oooﬁﬁé{%%% (kaglebgibﬁngoéége%ﬁlﬂpgfgfigrgﬁggwﬁgt%@%er super -
oxi de ani on scalaiipn fhenapenticsasndgtine afdldckaowanino:be/ 82002

PCT/ SEO0/ 02153 12 easily be experinentally established by a person skilled

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-
20 lactic treatment as well as treatment of an established
condition. Furthermore, “therapeutically effective” is
utilized in a sense that is common within this technical
field, as is e.g. defined in EP 560 928 Bl referred to
above, although in general in this specific case the su-
25 peroxide anion scavenger is therapeutically effective as
soon as it reverses a negative effect obtained when using
nitric oxide only or enhances the effect of nitric oxide
alone. However, as a guidance it ;an be added that for
superoxide dismutase an effective dose range may for in-
30 stance be 1 000-50 000 units per kg body weight ({U/kqg),
5 000-15 000 U/kg being a preferable range and 8 000-
12 000 U/kg being especially preferred. For other super-

oxide anion scavengers similar scavenging effects can



in the art. According to a second aspect of the invention a nethod is 5
provided for the treatnent of .airway constriction in a manmal, especially
man. Said method conprises -adm nister- ing to a mammal in need of such

t r eat mrenWOWR2202c oxi de (NO), by inhal ation, inconbi n@cvsEoNAs3 a

super oxi de an- ion scavenger, said conbination being used in a therapeu 10
tically effective anobunt to acconplish relaxation of said airway
constriction. As to specific and preferabl,g enbodi nents of said method
reference is made .o those specifjc,and preferagble em 15 bodi nents which
have been descrited ecc?ﬁﬁ?&%f‘f“Sﬁtﬁ}‘?ﬁ ?% %}s"e‘; SYditngersornexihledt i on.
Final ly, accordimm@Hed aatt.hird aspect of the invention, there is provided a
pharmaceutical preparation for treat- 20 nent of bronchoconstriction in a
manmal , especially man, which conprises nitric oxide (NO in conbination

with a super ofidi @iy te-avesashd 88b&etids ithedNiren?idnSal fecfYgeroxi de
ani on scavenger txﬂia%dgresent in a therapeuti- cally effective anount to
acconpl i sh Pel B&aM ffoxathe preatmory obrisiuwant icomstwichionf éneace to

specific and prghfab! @speadh IpNhn Of sa b b HRP U A8LCLaREATEL LS. 8l SO
made to said specific and preferable enbodi nents of “the use accorEh ng to
the 30 inventiig® T ideMmagegdr ipt heed obf t$uchltasatgen®, 0Dig22020xide

PCT/ SEO0/ 02153 ( ’Fi i%ha%%k@éﬁti€ﬂ égmégg%gy%ag&ﬁ%%pég%gig%ﬁ%ggg) t rachea

by the nitric oxi dé dénor sodi um hi Tt oprussi sty the
intralum nal osiml @davengers5eaidsovmb Gt tarl kgrimigp usedatiadawthBrapeu-

hyperosiol 3p 13 R219Y° e¥2dces 08" LAGuAL & & PESnE1 e 221 2h2E0oR" St S8 §¢
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 bronchoconstriction in a mammal, especially man,
which comprises nitric oxide (NO) in combination with a
superoxide anion scavenger, said nitric oxide and said
superoxide anion scavenger being present in a therapeuti-
cally effective amount to accomplish relaxation of said

25 airway constriction.

With refexence to specific and preferable embodiments of
said preparation reference is also made to said specific
and preferable embodiments of the use according to the

30 invention.

Brief description of the drawing



super oxi de di snutase (SOD) on the extralum nal side. Values are per cent
rel axation of CCh contracted trachea in nmean. s.e.mean. * significantly
different from CCh. 10 The invention will now be -illustrated by the

fol | ow NowoReAz202 M ting exanpl es: Exanple 1 15 An in Vi teca/spods2ess pi g
tracheal perfusion nethod was used to investigate the effect of superoxide
di snutase (SOD), a scavenger of superoxide anions, on airway relaxation by
the nitric oxide donor sodiumnitroprussid 3(SNP) after elevating the
osnolarity on the epithelial side with 20 Sodium chloride, NMATERI AL AND
METHODS Per f us&adat-r chRel prapiamiaiofaxbathel eqeRtrarhad (G5t &8ChRas

approved by thebé/e.@ihgnﬂ!itrfé oS QIBHG! §8dQ1m 3R EBbpRIRSId ) Mal e
Dunkin Hartley guinea pigs (500-800 g) were given an overdose 0

pent obar b:jlt al d'( @ftemyirgreasiny the gmtriedumipel | eomekariny toTHS 0 F@SReas
were rapidly di T;:ggae Jdey,e | j5e1p 0N vessel s
renoved and noun%t%glggrgg é£8§?2%rn ess glé:é hg@?%t%?%%ﬂ%%er. #e(a%grfusi on
syst em usedswasgluaringnphevexpamsitsnn aold Bodun Brérreated wird &90 Wadan JS,

Frazer DG Influence of .epktheliumo e . Lil A PCE.SE00/ 02153
14 reactivity of BGFREADi l?tg%tfaaﬁeed(féoygrPﬁségét%’g%%&%%l%brsﬂ?ﬁoact i ve
ﬁl/lrj ugi. J. (Phar n’EWluElspaféepeer@&ﬂ: red@Xatdbn750) CClil exanti tzaxt edfativiacheby
nakata (Munakata M M tzner nkes .HA. tic.stimylioind

epithelial 5 dep&ndERt #e?a?af?‘?%%‘ P‘ﬁ?ﬁé‘%@?ﬁéﬁgi@ﬁe&%a.ﬁm ek
J. Aﬁpl . Physiol. 1988; 64:466-471). After centrally fixed side-hole
cat heters we ' ted i

1(r)e IT%%eELnsreml:Jr.lcgr? x}u el lrijor\rwer}!)eOfiltlngtrated by the following

non-limiting examples:

Example 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 oxide donor sodium nitroprusside (SNP) after
elevating the osmolarity on the epithelial side with

20 sodium chloride.
MATERIAL AND METHODS

Perfused trachea preparation

25 The experimental protocol was approved by the_regional
ethics committee on animal experiments. Male Dunkin
Hartley guinea pigs (500-800 g} were given an overdose of
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 a
gstainless steel perfusion holder. The perfusion system
used was an improved version of Fedan & Frazer’s system

{(Fedan JS, Frazer DG. Influence of epithelium on the



trachea fromeach end, the trachea was stretched to its in situ length and
placed vertically in a 25 mM 10 extralum nal organ bath contai ning
Krebs-Hensel eit buffer. The catheter at the inlet of the trachea, the

pr oxi malwewn322ems connected to one side of a different PCH/SESNONSII e
transducer (P300D, Validyne Engineering Cooperation, CA. , USA) and the
outlet 15 catheter at the distal end of tlg‘? trachea was connected to the
ot her side of the transducer. The inside the trachea was perfused W|th
Krebs- Hensel ereaBtiveEyfebrauings M arisoderafunPAafuBa@ t¥CHRR MO nin-' in

 reciroul ati ngrbARRosIpEykS hRdlenselsidmb ChxbIThOLD 1902 e extra. and

i ntral uminal baths was kept at 3/C and bubbled with a gas m xture of 95%
02 and 5% CO2 261hé41tfl§h)sn1d@ﬁcnp¥l@esismaerlwa§ by Vunakata Edwraitadendito zero

A popseline. BesBuaeh oholic, WEACTSRANACE o S6e1000nRNCE ofpRE SN

(LabView 3.0 software rona Sstrunents using a
speci al ly desi geedngenyr aelaxxti iwh yind dokest gdlbyaAptgatﬁaehea Lund, Sweden)

"adapted to the_syst Respo p ed the differen

oressure  bet wdeABBloRTHaT Shnd St A4 VBtoAdg BELEE TRSTEHIBGLRed

Sol uti ons and rs&agehbseTbsth@mfs a@bréoinmu:teur ehsel—leheelﬁménbmlfftﬁte had an
osnolarity of 290 H@g}f and CO % X ééﬁ 202

PCT/ SE00/ 02153trf§ RACFYoR 193¢ trR‘H By Was, ’z‘tr% Qo stgc,

4.7, CaCl2, 2.3 a3e¢udhHE§ER, add qs%lacréd Rredt 134TLy- ifha 2byRer osnol ar buffer
was forned by I ncreasing the NaCl. concentration_to 203 nM _which increased

t he osnol atfPty eXtEg u%nﬁbsﬁgmrmcﬂowwgcﬁeﬁbéaﬁe@%elm USA) was
buffer. The catheter at the inlet of the trachea, the

proximal end, was connected to one side of a
differential pressure transducer (P300D, Validyne
Engineering Cooperation, CA., USA) and the outlet
15 catheter at the distal end of the trachea was connected
to the other side of the transducer. The inside of the
trachea was perfuéed 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, andls% 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 Astra Draco, Lund, Sweden) adapted to
the system. '
Responses are expressed as the difference in pressure
between proximal and distal recording sites (AP, cmH;0).
30
Solutions and reagents
The modified isotonic Krebs-Henseleit buffer had an

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



di ssolved in saline. The nitric oxide donor sodium nitroprusside (SNP,

Si gma) and superoxi de di snutase (SOD, from bovine liver, Signa) was

di ssolved in Krebs- Henseleit buffer. SNP was protected fromlight until
use. 10 {pgffbsental protocol Al protocols started w ticEsEogaziss i bration
period of 60- 75 mn with washes every 15 min when both intralumnal and
extral um nal solutions were replaced for fresh 15 buffer. Thereafter the
tracheas were subjected to one of. the fol jgw ng protocols: 1) Control

(n=6). The intra- _and_extral ygi nal k%l S r the, trachea
was contracted WACH 1187 ga’ég%’ha@ﬁol gé?f)’ f%r.@%g‘gm alathm?ﬁl‘gI'I?/,

cor espondi ng { @439 g a4 GoRIdAG! | Aok agoles ef ey naar | i er
experinents, data not shown). ~The CCh- contract ed trachea was rel axed by

the nitric oxi déxy@@nrosmsNP?r Buffiemorrs] foymedhbyi AnFreaRin@ thatfRClafter a
60 mn washout Ebggt65?%0§5t3m§&?I@PtQmﬁ EHEE@as@Hdtﬁgtéémdﬂﬂf§¥y'bUffer

was repl aced by res every e procedure was repeated. -
2) Hyperosnokar tuiBer mpam6) Cadbhachmlas(Siame Chamigsl edo d"IQ;O 'L!ﬂ?% afasmaxi mum

contraction by pl rbac I I hea was
rel axed by the %D F%évggxllges% gllc\iﬂ; éﬁmt?tll dg%agoa%gﬁe i 7 ra um nal bat h.
After a 60 mn \fﬁ%h@ptruﬁeﬁ.dédlsmhe 8 igmi=)| mnahpbmbkweldlmmsém '

PCT/ SE00102153 16 ced by h rosnol_ar 10, m.n before the
second car bacholf¥&8hn PK&P i ?ﬁerﬁ’%l%%wé{’? gld\’/§ﬁ°# &h% Behfica during

hyper osnol ar copdinsest Equeﬁuwmma&p&otﬁutaaefseﬁ) light) .unvidc hesws wer e
treated
10
Experimental protocol
All protocols started with an equilibration period of 60-
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 protocols:

1) Control (n=6). The intra- and extraluminal buffers
were isoosmolar and the trachea was contracted with 1 pM
20 carbachol (CCh) applied 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 SNP, 3 mM added Fo
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 to

30 50% of maximum contraction by applying 1 pM carbachol
extraluminally. The trachea was relaxed by the nitric
oxide donor SNP 3 mM added to the intraluminal bath.

After a 60 min washout period, the intraluminal buffer



as the control group, with one addition to the protocol; SCD (100
units/m) was applied to the -extralum nal side of the trachea 10 mn
before the second provocation with CCh and SNP. 10 4) Hyperosnol ar buffer
and SCD.woabm3zezyne superoxi de disnutase (SOD) was useRCISEODOR155ti gate the
effect of superoxide anions on the relaxing effect of SNP. After a first
‘control chall enge where 3 nM SNP was used to relax 15 the CCh-contracted
trachea, followed by a 60 m n washout éiOd 100 u/ M SOD was applied to

t he extral um nal si d e .trachea (n= bef or ¢ hanging the
i ntral um nal bYR% e’fel? é’r YoSYBrEPSBat fEr u%g%rt "Wé?"t ﬂb?eaf t er

contracted w tﬁedormﬂﬁi‘ba@mlt kenetrheetionf tﬁ&l$mv&\é°gmfstudthd.
Statistics Statlstlcal anal ysis was perforngd with Statistica software

(version 5.0, Trathes duying hypgrogmodrr eRPJItL¥N8Hme results were anal ysed
wi th WIcoxon non-paranetric matched pa| rs test and Mann- Wi tney U-test
wher e approprlate For anal ysis between groups, Kruskal-Vallis ANOVA
(anal ysis & valiSureyoxide utRseuSPR 4Red) prEmghend yeneeiredsrdes

i gni 11 cant . VErOTIS3305 Bar sy 08158 15 MU TS The A Al o
i nduced cont r a8®Pofl@f utids/midheaswappdiedt e thereextumiumidal sidee
ciiferent 91ouE SUdefidPhg iRl UEUSLH FEALSPUET O
tracheas were @Chbimd 8NP had the same initial prerequisites.
10
4) Hyperosmolar 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) was hsed. Results are
presented as mean values * s.e.mean. A statistical result

30 with P<0.05 was considered to be significant.



10 1) Control. CCh produced a contraction of the trachea by 1.49 0.30
cnmH2O, subsequent exposure to SNP relaxed the ., airway by 53.1 6% i.e. to
0.68 0.11 cnmH20O (see figure 1). 2) Hyperosnolar buffer. After increasing

t he osnol o d1w22025 of the intralumnal buffer to 450 MOSMT/ARVBEIEH
contraction was smaller (0.83 0.17 cnH2O, p<0.05) than in nornal

condi tions. When tracheas were subjected to intralum nal hyperosnolarity
SNP rel axed the CCH contracted trachea by,31 7% (see figure 1). This was
a 20 significantly smaller percentual decrease than in the iso-osnolar
control conditi I(Is%se 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 Thasndilipd Coht irdresd sentmGrdon PLcbher brychpa wagp of

rel axation (SOD-ddeaft magniedie UL &8s e&h@&een%b% ¥8ups 1yt G@Nd Otr)s)(see
figure 1). 4) Hyperosnol ar "buffer and SOD. In tracheas pretreated 30 with

SOD before s@bj eand @ 1t lgerouper Aplaked | oR | sHbaeguenipENBs kDk8r P ), tSNfhe

rel axed the tra q (% 9, S% L9 h0:8- 92 20, This
rel axation (t)1 %220? %CT?%E%]O%ZISS 12-0\/\@5 notedg?%‘grent fromthe
rel axation of S@D‘q:wl'aalseme‘é viahtteand imd $heswomar ivdhdlali ons, and it was

a significantl I I xation than in tracheas subjected to
hyper osnol ar buégeaireg;g{lsp?e reated with SOD 5 (p<0.05) (see figure 1).
Exanple 2 The results in the organ perfusion bath have al so been

10 1) Control. CCh produced a contraction of the trachea by
1.49 £ 0.30 cmH20, subseguent exposure to SNP relaxed the
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 a

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 above: 1) control) or

SNP relaxation (SOD-treated: 57 +12%; untreated see

above: 1) control) (see figure 1).

4) Hyperosmolar buffer and SOD. In tracheas pretreated
30 with SOD before subjecting the intraluminal side to

hyperosmolarity, SNP relaxed the trachea by 46 £ 5%,

from 1.67 £ 0.29 to 0.9%92 *+ 0.19 cmH20. This relaxation



10 reproduced in in vivo experinents. Thus, rabbits were anesthetized by
‘intranuscul ar injection of the fluani sone and fentanyl citrate and by

i ntravenous injection of -diazepam and paral ysed wi th pancuroni um brom de.
They wewe oimizodbat ed and ventilated with a servo-venti | BAESENBIES enens
900). 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 ng MCh/nml; 2/ NO MCh grggp where inhalation of 80 ppm NO

was conmenced before the royocation and 20.mai ntajppned for t

remai nder of tl’féseilﬁﬁrgﬁgg%]eg‘? D o met 25 I?"llﬁ’g ?%‘5#88 REFE- e‘broup,
wher e hypert onitgachabbnén( 8s698mybsr edndiitaems, nbadt he vagvways fol | owed by
NO i nhal ati on and Mch chal |l enge; and 4/ SQD gﬁgup where 8 000
U kg of SOD wa§1ﬂ€B§PF§381br}%¥9?% ??&?%ﬁ?%ﬂ@b&ﬁ@?aﬂpoﬁrﬁ?h and inhal ation

of NO followedybyebhea Mohhgpetdensar WassremRRt prot re8684 N € YsoD
resi stance, calculated from airway pressure and gas flow recording, were

cal cul at ed 530 @<0h&52| i(Beeafiigureek) t he MCh chal lenge in each group. WO
01/ 32202 PCT/ SEO0/ 02153 19 Results: Resistance (cm H20/L/s) BL Mch 1.

544 161 18 ** BL NO + MCh 2. 502 6612 BL HS + NO +Mch 3. 482 19022 ** BL
SOD +HS +NO+MCiExasplé72] 4 103 15 ** T

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 fluanisone
and fentanyl citrate and by intravenous injection of
diazepam and paralysed with pancuronium bromide. They
were intubated and ventilated with a servo-ventilator

15 (Siemens 900). 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/ml; 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 into 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 resistance, calculated from
airway pressure and gas flow recording, were calculated

30 at baseline and after the MCh challenge in each group.



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 wipeassgeesi rway constriction on Mch chal | enge w tHcTsEobzissef ol d
increase in resistance (group 1). The NO inha- lation prevented such

i ncrease (group 2)(a slight, non- significant increase was seen). Al so,
nebul i zation of HS intothe airways abolisfed conpletely the effect of NO
in 10 hal ation &gﬁgup 3). Thus, the increase in resistance was of the sane
magni tude as in Sfirst group, exposed solely to Mch. Finally, in the
group receiving RIdidihce bOoZgé) on, the increape in resistance was

bl unted, de spitg that had been given after afm nistration of hy- 15
pertonic saline {grougg4). T the increase in fesis- tance was only half
that seen the gr J#p ppsed yper- tonicssalipe but not SOD. IITT WO
01/ 32202 PGT! SEOP/'02153 20 The probl em wi t h non{responder phenonenon to
inhaled nitric pxi deBﬁLas be eftigated earlfer. It was shown that
hyper osnol arity gﬁe—fp H%H{;—(;ﬁde of the aifway attenuates the effect
of inhaled nitrig OXI dhe (Hog 5 H oberg J, Hedenstierna G Increased
airway osnol arity |n 5_| of nitricfoxide in the rabbit.

Eur . Respir. J. 19 13- hat this s likely to be due to an
i nactivation of thic OXi ecule (H oberg J, Hogman M

Hedenstierna G -Iypero nol ar t he rel axi ng potency of nitric
oxi de donors in E%—p T gr magol . 1999; 127:391-396).

BL: Baseline;

U

** = 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 a
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 completeiy the effect of NO in-

10 halation (group 3). Thus, the incréase 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 reéistance was blunted, de-
spite that NO had been given after administration of hy-

15 pertonic saline (group 4). Thus the increase in resis-
tance was only half that seen the group exposed to hyper-

tonic saline but not SOD.

T



According to the present exanple it was found that preventing the
_production of superoxide from guinea pig trachea subjected to an increased
osnolarity on the 15 epithelial side will increase the relaxation of the
pre- CORVG 83236k trachea by the nitric oxi de donor sodi worsEensy ussi de. WO
0152202 PCT/ SEOQQ/ 02153 21 CLAIMS 1. Use of inhalable nitric oxide (NO,
in the form of gaseous nitric oxide or a nitric oxide donor, in comb5

bi nation with a superoxide:;ani on scavengezo for the manu- facture of a

medi cament | orphd SAUDLLRIMAY ioAIFbEbEhEOR phéndndBiHo seHAdeRal 1Y man,
sai d conbi nati on bel ng use In a theraputically effective anount to
acconpl i sh relaktri¢iexidd hos deghy iayestigatedteanlieny It yas gbownding to
claim1l, wherein ' ' [ [ ' PR T

according to a%?agﬁhj%%?%"gﬁﬁsm%ﬁ?ﬁﬁgfegﬁﬂ@%gﬁmﬁrﬁﬁs S Fé??’%ﬁ IS
the result of antenuawss bhe pdfecicofvinhabedasitmic dEide (HEgmaeoacH,ding to
claim 3, erej.n said air anstrigtion is_associated wt h

br onchi al \g.]‘:’ S.hlgéeﬁ%c‘g’r ﬁ%ntso%lc rglam&Af, e T TN sard rovis/anisﬁa%?ﬁ triction

i S associ at ed yhhibhirs athe eactdati bfonridkicaskbdea i ottodhimbbit20 6. Use

according to claim4, wherein said_airway striction is assogi.ated with
status ast hmat FefisResRi et &557ditdg 113\3%5?19?-2 2Rf Uraf s gs ﬁvl’rgregiyn
sai d mammal istd BONGIESHPNGL i@ tiivagliahi 68 ©he Mhififc R4 mleRiullel C

oxi de donor onlé._ 25 B. _Use according to any one of clainms 1-7, wherein
sai d manuf act ufBiPReEd e AT C nsfdEra_PentyRgrosmolarity

10 reduces the relaxing potency of nitric oxide donors in

guinea-pig trachea. Br.J.Pharmacol. 1999; 127:391-396).
According to the présent 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.



adm nistration of said nitric oxide and said superoxide anion scavenger in
any order. 9. Use according to any one of clainms 1-7, wherein 30 said

medi canment is in the formof a conposition conpri- sing said nitric oxide
and sai d womenze2 de ani on scaveng- er for sinultaneous awvSEDGE2158ti ON
thereof. 10. Use according to any one of the preceeding cla- inms, wherein
sai d superoxi de scavenger is selected from "I~"1 [LLELL i@ L0 1 11 11
Il CL 14 S WD 01/ 32202 PCT/ SE00/ 02153 2g1the group consisting of enzynes
and antioxidants having the ability of renoving superoxide anions. 11. Use
according to claim 10, wherein the superox- ide ani-on scavenger is
super oxi de disnutase. 5 12. Use according glaim1l, wherein the dose of
superoxi de disnutase is within the range™0 000-50 000 W kg, preferably
5 000-15 000 U kg and nost preferably 8 000-12 000 U kg. 13. Use according
to claim10, wherein said superox- 10 ide scavenger is selected fromthe

group consi sting of ylgggB%%QJﬂllkéﬁb nEEFQE #%f%%rWN ate ks t¥é%§ed

hydr ox- ytol uene, Arsot
sel enium 14. USE aééepusn@mouargpc%om at nétpa@c@émﬁgi@tca:, 1% joep-

wherein NO I§ pmaaaﬁohnwmhda é:zaﬁalate kAiaA saawﬁgge@ffc;r ]tQQe %Q\IXB
erein

nnol / m n. ccord to.a teceedi n

t he concentratl ﬁ g o b e?*ﬁéhe F?r &F?ﬁ?ﬁn?h%l?%. c?ﬁstlf§6°Bpm

preferably 1-80ippm me!.mpel 20espenially manppepidacdmbihdteiony heiegemsedn a

carrier gas or ;gag Fh&kdbtically 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.

15 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 airway
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.

9. Use according to any one of claims 1-7, wherein

30 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 is selected from

\\l\\“\ \\\\\\ |\|\\ \\l\l \\ lll\



16. Use according to any one of the preceding cla- inms, wherein said nitric
~oxide donor is selected fromS nitroso-Nacetyl penicillam ne,
S-nitrosocysteine, nitrop 25 russide, nitrosoguanidine, glycerol
trinitraggoisReanyl- nitrite, inorganic nitrite, azi de powsEwonexyl am ne.
17. A method of treating airway constriction in a manmal, especially man,
“which conprises admnistering to a mammal in need of such treatnent,
nitric oxide (NO, in 30 the form of gase LS nitri.c oxide or a nitric oxide
donor, by inhalation, in conbination with a superoxi de anion scavenger,
sai d conbi nat i @hebgirogpusensist ind e arenyires ealll gneidridames dnainig t o

acconplish relﬁﬁgth§?19£ S@fdreﬁgé é&g@?&k % QRioRR. 18- A nmet hod

accor di ng to cl/arm erelrn Sal er oxi de anli on scavenger is al so
adni ni stered by inhata-Use oaccoyding |t01£itﬂm LPy 1 ¥herein fhe |suygerox-c | WO

01/ 32202 PCT/ SEQE 83163 sddvéfigeA T@tdinfbrassaedingmigasay one of clains 17

and 18, wherein sa rway consirictia e result_of al e
hyperreact [ §| ty or ggfﬂb ° %{(') ORI Etod cggégryf wﬁer%ftéothﬁéioﬁerel n said
5 ai rway const superonide disoetasediivithis: ke baaﬁehoélle 00 A0 | y
status ast hmat iy, Obréﬁe§§Hi$ £ 0f\6ld 1101 00f u/RSt AR EBQQQﬁ&é&é%aﬁib A

nmet hod accordlng 0 é ogzk clainms 17-20, wherein said s a
non-r esponder P89 hRaPlPi 10 nitric oxide or nitric OXIde donor only.

22. A nmethod accordiiag Useaa)qcmr:ﬁr(g ted a:ilrmimll%lwhembﬂeémi&as’@aridxr—i c
oxi de and §a' d ;3UPELAVLAGe AN ONs SFdct ME MR 2he BUBLPI sbRs£ck Sepusntial ly

in any ord
y vitamin E, vitamin C, bilirubin, urate, butylated hydrox-

ytoluene, butylated anisole, propyl gallate, ethoxyquin
and selenium.

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

15 ims, wherein NO is present in said medicament in an
amount of 1-100 000 nmol/min.

15. Use according 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-

20 cially 1-40 ppm, 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 donor is selected from S-
nitroso-N-acetylpenicillamine, S-nitrosocysteine, nitrop-

25 russide, nitrosoguanidine, glycerol trinitrate, isocamyl-
nitrite, inorganic nitrite, azide and hydroxylamine.

17. A method of treating airway constriction in a
mammal, especially man, which comprises administering to
a mammal in need of such treatment, nitric oxide (NO), in

30 the form of gaseous nitric oxide or a nitric oxide donor,
by inhalation, in combination with a superoxide .anion
scavenger, said combination being used in a therapeuti-
cally effective amount to accomplish relaxation of said
airway constriction.

35 18. A method according to claim 17, wherein said su-
peroxide anion scavenger is also administered by inhala-

T

tion.



23. A nethod according to any of clains 17-21, whe- 15 rein said nitric

oxi de and sai d superoxi de ani on scaveng- er are adm ni stered .
si mul taneously. 24. A method according to any one of clainms 17-23, wherein
sai d supewowis®Eoanni on scavenger is selected from the grromSEew23$3st i ng of
enzynmes and anti oxi dant having 20 the ability of renoving superoxide
anions, especially vi- tamn E, vitamn C, bilirubin, urate, butyl ated

hydr oxy- toluene, butylated snisole, propyjzgallate, ethoxyquin and

sel enium 25. A nethod according to claim 23, wherein said su- 25 peroxide
ani on scavenger is slperfoxieidiafi aegoxddng2te myrnrdfacdedmiend7t andl ai m

25, wherein theldOS@he@élﬁtgwd)@l% 2oHE8S Ect for 1d)ithd hesiARI8£Ohnl
000-50 000 Uk referably 5 .000-15 000 g{“ag and nost preferab- |y 8

000- 12 000 U/kggl§ ay MYREIESAGH VAo P8 A any one of.clains 17-26,
wherei n sai d i nhal ed2¢ hek aphitad azeourdingf tdGclain -1100 whedeinnskidi n or

1-180 ppm pgefgriahly doBlPRiB: SR adkock Ytdd 4% EP Est3Riad YCnRR: Ade,

present in a carrier gas or gas mxture. 35 28. A nethod accqrding to any
one of clains 1?SE?ClaW%r%rr%FL}ssalatftllﬁ“laltllEuﬁx?Hearﬂd?ﬁth SWLRELLBIFr om S-
ni troso- I\I—acetyhpehmslbi:@:mmle‘s- nitrosocysteine, nitrop | 11I1"1I]

VIS "L L : 1 2%&):; / 5
russide, nit rosoguanl d| ne r&;“Mycer(‘):Iclot }éﬁ?ﬁgt {rzgt e,” i soa O%E%q'ag'%%l t§g gf}norganl c
nitrite, azide #whareyaresdd d'i‘ﬁ“ﬁ@l i apRaRnEERRRIISH tp?ré-@é‘taé-taitéﬁnf 8f

treatment ofpai hit¥Ry 6R1GEd o tnidriich okitieni@hor esgiBe al |y man, which com

22. A method according to any one of claims 17-21,
wherein said nitric oxide and said superoxide anion sca-
venger are administered sequentially in any order.

23. A method according to any of claims 17-21, whe-

15 rein said nitric oxide and said superoxide anion scaveng-
er are administered simultaneously.

24. A method according to any one of claims 17-23,
wherein said superoxide anion scavenger is selected from
the group consisting of enzymes and antioxidant having

20 the ability of removing superoxide anions, especially vi-
tamin E, vitamin C, bilirubin, urate, butylated hydroxy-
toluene, butylated snisole, propyl'gallate, ethoxyguin
and selenium.

25. A method according to claim 23, wherein said su-

25 peroxide anion scavenger is superoxide dismutase.

26. A method according to claim 25, wherein the dose
of superoxide dismutase is within the range of 1 000-50
000 U/kg, preferably 5 000-15 000 U/kg and most preferab-
ly 8 000-12 000 U/kg.

30 27. A method according to any one of claims 17-26,
wherein said inhaled therapeutic amount of NO is 1-100
000 nmol/min or 1-180 ppm, preferably 1-80 ppm, especial-
ly 1-40 ppm, said NO being present in a carrier gas or
gas mixture.

35 28. A method according to any one of claims 17-27,
wherein said nitric oxide donor is selected from S-
nitroso-N-acetylpenicillamine, S-nitrosocysteine, nitrop-

L



5 prises nitric oxide (NO, in the formof gaseous nitric oxide or a nitric
oxi de donor, in conbination with,a su- peroxide anion scavenger, said
nitric oxide and said su- -peroxi de ani on scavenger being present in a

t her apeulyigoigsdoky ef fective anmount to acconplish rel axapcosemfozsai d 10
ai rway constriction. 30. Pharmaceutical preparation according to claim 29,
“for use as defined in any one of clains 2-16. 11U J 1111121111 Il 111 L

24 B

russide, nitrosoguanidine, glycerol trinitrate, isoamyl-
nitrite, inorganic nitrite, azide and hydroxylamine.

29. Pharmaceutical preparation for treatment of air-
way constriction in a mammal, especially man, which com-

S 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
10 airway constriction.

30. Pharmaceutical preparation according to claim

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