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resulting from excessive intimal hyperplasia.
A thrombosis, i.e, the formation or presence of a
15 blood clot within a blood vessel, may result from
physical injury of an arterial wall by a vascular
interventional procedure such as percutanecus
transluminal coronary angioplasty ("PTCA"; a type of
balloon angioplasty) or coronary bypass surgery.
20 Thrombosis may alsc result from progression of a natural
-disease, such as atherosclerosis. Various agents,
including aspirin, prostaglandin E,;, selective
thromboxane A, inhibitors, selective thrombin inhibitors,
platelet receptor GPIIb/IIIa blockers, tissue plasminogen
25 activator, streptokinase, heparin and kistrin have been
used as antithrombotics. See, e.q., Yasuda et al.
(Circulation 83:1038 (1991)); and Gold et al.,
(Circulation (Supplement IV) 83:IV26 (1991)). Currently
available antiplatalet agents include aspirin,
30 ticlopidin, monoclonal antibodies, nitroglycerin and
sodium nitroprusside.
Another unwanted result of arterial injury from
vascular interventional procedures is arterial
. restenosis. For example, PTCA has been used extensively
35 to open occluded arteries in both the coronary and
peripheral vascular systems. Although initially
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¢ part to the effects of platelet-derived growth factors
10 released by platelets which adhere to the site of
arterial injury. Excessive intimal hyperplasia leads to
restenosis, i.e., a re-narrowing of the arterial lumen.
Thus, arterial restenosis can severely limit the long-
term effectiveness of vascular interventional procedures.

15 Summary of the Invention
It has been discovered that inhaled nitric oxide
(NO) gas increases blood vessel patency after lysis of a
thrombus at the site of a critical stenosis, without
causing any systemic hemodynamic effects. The
20 antithrombotic effects of inhaled NO persist after the
cessation of NO inhalation. It has also been discovered
that inhaled NO inhibits arterial restenosis resulting
from excessive intimal hyperplasia.
Accordingly, in one aspect, the invention features
25 a method for trcatiné, inhibiting or preventing a
thrombosis in a mammal, by causing the mammal to inhale a
therapeutically effective amount of gaseous NO. The
thrombosis may be associated with a disease or injury.
In another aspect, the invention features a method
30 for treating, inhibiting or preventing arterial
restenosis in a mammal, by causing the mammal to inhale a
therapeutically effective amount of gaseous NO. The
arterial restenosis may be associated with a disease or
injury.
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10 antithrombotic and/or intimal hyperplasia-inhibiting
effect of inhaled NO may be accomplished by administering
a phosphodiesterase-inhibiting agent in conjunction with
(1.e., before, during or immediately after) NO -
inhalation. Preferred phosphodiesterase inhibitors are

15 those that selectively inhibit cGMP-specific
phosphodiesterases, while minimally affecting the
breakdown of adencsine 3’,5’~cyclic monophosphate (cAMP)
by other phosphodiesterases. A preferred
phosphodiesterase inhibitor displaying the aforementioned

20 specificity is Zaprinast™ (ME&B 22948; 2~o-propoxyphenyl-
a-izapurine—s-ona, Rhone-Poulenc Rorer, Daganham EsseXx,
UK). Other cGMP-specific phosphodiesterase inhibitors
are known and may be substituted for Zaprinast®™.

Another means whereby the second compound could

25 potentiate the beneficial effects of NO inhalation is by
prolongation of the in vivo half-life of NO. That may be
accomplished, for example, by administering superoxide
dismutase. Superoxide dismutase removes superoxide
radicals, which react with NO.

30 In other preferred embodiments, a second
antithrombotic agent which augments the beneficial
antithrombotic effects of inhaled NO may be administered
to a mammal in conjunction with the inhaled NO. Examples
include aspirin, ticlopidine, monocclonal antibodies,

35 nitrogiycerin, and sodium nitroprusside.
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As used herein, "revascularization” means

15 reestablishment of blood supply to a part of the
mammalian body.

As used herein, "target cells”™ means non-pulmonary
cells that interact directly with NO, following NO
inhalation, to mediate a beneficial effect in the

20. inhibition, prevention or treatment of thrombosis or
arterial restenosis.

As used herein, a "therapeutically effective
concentration of gaseous NO® is a concentration that
induces one or more of the following in a given patient:

25 relief of chest pain, relief of shortness of breath,
resolution of ischemic electrocardiographic changes, and
improved coronary artery blood flow (wvhich may be shown
by angiography).

As used herein, a "therapeutically effective"

30 amount of a phosphodiesterase inhibitor is an amount that
increases the duration (i.e., half-time) or magnitude of
the therapeutic effect of gaseous NO.

As used herein, "thrombosis™ means the formation
or presence of a blood clot within a blood vessel, which
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laser angioplasty, coronary artery surgery, atherectomy
and coronary artery stents.

The methods herein disclosed are useful for
treating, inhibiting or preventing thrombosis, such as

15 may result from a naturally occurring disease, e.g.,
athrosclerosis, or from a vascular interventional
procedure, e.g., angioplasty or coronary bypass surgery.
The methods herein disclosed are also useful for
treating, inhibiting or preventing arterial restenocsis

.20 resulting from excessive intimal hyperplasia. Such
arterial restencsis is a frequent complication associated
with vascular interventional procedures, such as PTCA or
coronary bypass surgery.

According to this invention, NO gas may be

25 administered:

' (a) continuously or intermittently;

(b) in the absence of tobacco smoke;

(c) at a concentration between 0.1 and 300 parts
per million (ppm), preferably between 1.0 and 200 ppm,

30 and most preferably between 20 and 100 ppm;

(d) as a mixture including NO, oxygen (02), and
nitrogen (N,) or other inert gases, preferably having an
Fio, (i.e., proportion of 0,, by volume) of 0.20 to 0.99,
the proportion of O, in air being 0.21, and where the NO

35 gas is mixed with the 0,-containing gas shortly before
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‘ conconitant acute systemic hypotension. Systemic
10 vasodilation is an undesirable, potentially dangerous
side effect associated with sustained systemic NO release
from oral or intravenously administered NO donor
compounds which have been used to inhibit thrombosis or
excessive intimal hyperplasia.
15 Other features and advantages of the invention
will be apparent from the following description of the
preferred embodiments thereof, and from the clainms.

Brief Degcription of the Drawings
Fig. 1A is a graph comparing open arterial time
20 (as a percentage of total time) for the control group
before, during and after zero ppa NO inhalation, in the
canine coronary artery thrombosis model.
Fig. 1B is a graph comparing open arterial time
(as a percentage of total time) for the 20 ppm inhaled NO
25 group before, during and after NO inhalation, in the
' canine coronary artery thrombosis model. The asterisk
indicates value significantly differs from baseline (p <
0.05).
Fig. 1C is a graph comparing open arterial time
30 (as a percentage of total time) for the 80 ppm inhaled NO
group before, during and after NO inhalation, in the
canine corcnary artery thrombosis model. The asterisk.
indicates value significantly differs from baseline (p <
0.05).
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10 aggregation.

Fig. 4 is a graph comparing the intima/media ratio
in control rats; rats exposed for two weeks to 20 ppm NO;
rats exposed for two weeks to 80 ppm NO; and rats exposed
for one week to 80 ppm NO, followed by one week of

15 breathing air. The asterisk indicates value
significantly differs from baseline (p < 0.05).

Detailed Description
Thrombosis
The invention provides a simple, rapid, selective
20 and efficacious method for treating, inhibiting or
preventing a vascular thrombosis in a mammal, such as a
human patient. The thrombosis to be treated, inhibited
or prevented may result from any of the various causes of
thromboses. For example, the type of thrombosis may be a
25 posttraumatic arterial thrombosis. The thrombosis may be
at any one of various locations in the mammalian body.
For example, the thrombosis location may be arterial,
venous, coronary, cerebral, femoral, renal or placental.
Preferably, the location of the thrombosis treated,
30 inhibited or prevented is not pulmonary.

Coronary thromboses are often associated with an
acute ischemic coronary syndrome. Any thrombosis-related
acute ischemic coronary syndrome may be treated,
inhibited or prevented by the administration of inhaled
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: revascularization may be accomplished by various known

10 vascular interventional procedures, e.g., PTCA, laser
angioplasty, coronary artery bypass grafting, coronafy
artery atherectomy or coronary artery stents.

Inhaled NO may be used, according to this
invention, to treat a2 mammal that has been identified as

15 having an existing thrombosis. Mammals, and humans in
particular, are known to display various signs and
symptons relating to the existence of a thrombosis, and
may be identified thereby. The recognition of such signs
and symptoms is within the skill of medical

20 practitioners. Signs and symptoms of a thrombosis in a
human patient include, but are not iinited to, the
following: chest pain, shortness of breath, paralysis,
limb pain, myocardial infarction, angina pectoris,
unstable angina pectoris, crescendo angina pectoris,

25 jischemic congestive heart failure, cardiogenic shock,
peripheral vascular disease and ischemic limb. In one
enmbodiment of this invention, the identified mammal is a
human who has a thrombosis, and the thrombosis to be
treated by NO inhalation is manifested as a myocardial

30 infarction.

Alternatively, inhaled NO also may be used to
inhibit or prevent thrombosis development in a mammal
that does not have an existing thrombosis but has been
fdentified as being at risk of developing a thrombosis.

35 Certain existing pathoiogical conditions, e.g.,
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Similarly, the identified mammal may be a human at
risk of developing a thrombosis, where the risk is

15 associated with an artery-occluding disease such as
atherosclerosis. Individuals with such pathological
conditions may be identified by methods known to medical
practitioners trained in the relevant areas of medical
practice.

20 In another embodiment of this invention, the risk
is associated with a vascular interventional procedurs
such as angioplasty. In a particularly preferred
embodiment, the identified mammal is a human at risk of
developing a thrombosis as a result of a PTCA procedure.

25 Arterjal Restenosis
The invention provides a simple, rapid, selective

and efficacious method for treating, inhibiting or
preventing arterial restenosis resulting from excessive
intimal hyperplasia. Excessive intimal hyperplasia and

30 arterial restencsis frequently occur following vascular
interventiconal procedures such as angioplasty of ariy
vessel (e.g., carotid, femoral, coronary, etc.); or any
coronary revascularization procedure, including balloon
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artery-occl udi ng di sease or a vascul ar I nterventional procedure.
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i nclude, but are ﬁ&‘ﬁiﬂ%g@&"‘%e The; gecogRition: ofs puch; slons dndness of
breath, paralysis,symptoms is within the skill of medical practitioners.

10 Signs and symptoms of a arterial restenosis in a mammal
include, but are not limited to, the following: chest
pain, shortness of breath, electrocardiographic changes
and coronary angiographic findings. The objective of
treating an existing arterial restenosis with inhaled NO

15 is to reduce the thickness of the intima of a restenocsed
artery, so as to increase the diameter of the arterial
lumen, i.e., reduce the pathological stricture.

Alternatively, inhaled NO may be used, according
to this invention, to inhibit or prevent arterial

20 restenosis in a mammal (e.g., a human) that does not have
an existing arterial restenosis but has been identified
as being at risk of developing an arterial restenosis.
Certain vascular interventional procedures, e.g., PTCA
and coronary bypass surgery, can cause arterial trauma.

25 Arterial trauma is known to lead to excessive intimal
hyperplasia and arterial restenosis. Therefore, those
procedures put a patient at risk of developing an
arterial restenosis. Accordingly, individuals who have
undergone one or more vascular interventional procedures,

30 and individuals for whom one or more vascular
interventional procedures are imminent, may be
advantageously treated according to this invention.

The inhaled NO is, for example, administered to a
human patient who is scheduled to undergo a vascular

35 interventional procedure. Inhaled NO may be administered



i mb pain, nyocardial infarction, angina pectoris, unst abl e ang| na

pectoris, crescendo angina pectoris, 25 ischam c congestive heart failure,
car di ogeni ¢ shock, peri pheral vascul ar di sease and ischemc linb. In one
enbodi ment of this invention, the identified mamal is a human who has a
t hronbosi s, and the thronbosis to be treated by No inhalation is

mani fested as a cardial 30 infarction. Al tergs}ul 5/6%1 I nhal ed
NO al so naywﬁ’éwa%' to inhibit or prevent thronbosis & Isopment in a
manmal that does not have an existTnbtthrombosis but has been

Identified as Q’EI m&.réfk‘ m&gkoghg%%%%}kgcé&perwl n existing

pat hol ogi cal condition
PCT/ US96/ 017434 inimize the améunt of intimal thigkening $hat, Bake®rosis, are

known to put gnacedfelliceingithe sirterial ﬂnmai&matgxaalyhasahosa&d I n
addition, cer t?x vas«‘.‘.ﬁ‘i&i-”ﬁitéﬂh%&‘i%ﬂ&l%eﬂn&fﬁdu a/n f‘, bal | oon
angi opl asty _an rqQnar iﬁ# ypass su gil are kno to put an
i ndi vi dual ~ 3t t'r"l vapd ighs *{? 2% fr BRBY ve measure PREPYe 3 ndi vi dual s
di agnosed as hasicujapaihbérvenizional prodedure smay (dr waychotnhaveramsed ri sk
of thronbosis S , gqygal s & or nore
vascul ar int eré\’éint | oﬁ ?%ﬁ%lﬁdggﬁ&% gH W feli?dlggﬁgen?(r)ﬁr?e or nore
vascul ar i nt e@Agheo E stexad fo 3 pat "Fﬁrﬂ’%rﬂ“ Hﬁi’ﬁ@yadvant ageously
treated accor d:imi;rlgonbhasvascular interventional procedure. In that
10 situation, administration of the inhaled NO preferably
will begin within hours of the vascular interventional
procedure. Of course, one of skill in the art will
recognize that inhaled NO may be administered before,
during and after a vascular interventional procedurae.
15 Regardless of whether the inhaled NO is administered
before, during or after the procedure, or all three, the
inhaled NO may be administered continuously or
intermittently.

20 Inhaled NO is preferably administered from a
source of stored, coapressed NO gas. Compressed NO gas
may be obtained from a commercial supplier such as Airco
(Murray Hill, NJ), typically as a mixture of 200-800 ppm
NO in pure N, gas. The source of NO can be 100% NO, or

25 diluted with N, or any other inert gas (e.g., helium).
It is vital that the NO be obtained and stored as a
mixture free of any contaminating O, or higher oxides of
nitrogen, because such higher oxides of nitrogen (which
can form by reaction of O, with NO) are potentially

30 harmful to lung tissues. If desired, purity of the NO
may be demonstrated with chemiluminescence analysis,
using known methods, prior to administration to the
patient. Chemiluminescence NO-NO, analyzers are
commercially available (e.g., Model 14A, Thermo



i nventi on. Simlarly, the identified mammal may be a hunan at
ri sk of devel oping a thronbosis, where the risk is 15 associated with an

artery-occl udi ng di sease such as at heroscl erosi s Individuals with such
pat hol ogi cal conditions may be identified by nethods known to nedical
practitioners trained in the relevant areas of nedical practice. 20

I n anot her enboworgg)g%‘ f this invention, the risk S assoc}g},gggsm.,t“p a
vascul ar interventl procedur e such as_angioplasty. In a particularly
preferred embodi ment, the identified naTmt® Ts a hunan at risk of

devel oping a throm%ﬁnﬁaieﬂﬂnﬂi‘en%sw@aﬁfﬁ?dﬁ?; ,Imcgjg Wheri al
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restenosis resultiexpaplen calibrated rotameters whinhy haye heemxeakislared
i nti rrftl hyper pl ?Siﬁzé\{ﬂm%@. aaia&iétlsﬂ%m&gsi.s 'fﬁ@%‘ill'&tﬂ Foﬂé&%ri@dr@%ng
Vessel (e.g.. o did dn (g PRPREEH RSES BRy B VB MY
revascul ari zat i on ghemisalr or chenikininesgengentechnique weld knows 13y
RCT/ US96/ 01745 . gnose in the field (e.g., Fontifin et al., Anal. Chem.

42:575 (1970)). Alternatively, NO and NO, concentrations
may be monitored by means of an electrochemical analyzer.

10 Any impurities such as RO, can be scrubbed by exposure to
NaCH solutions, baralyme, or sodalime. As an additional
control, the FiO, of the final gas mixture may also be
assessed. 1If desired, the ventilator may have a gas
scavenger added to the expiratory outlet to ensure that

15 significant amounts of NO will not escape into the
adjacent environment.

_ In a hospital or emergency field situation,
administration of NO gas could be accomplished, for
example, by attaching a tank of compressed NO gas in N,

20 and a second tank of oxygen or an oxygen/N, mixture, to
an inhaler designed to mix gas from two sources; by
controlling the flow of gas from each source, the
concentration of NO inhaled by the patient can be
maintained at an optimal level. NO gas may also be mixed

25 with room air, using a standard low-flow blender (e.g.,

Bird Blender, Palm Springs, CA). NO may be generated
from Ny and O, (l.e., air) by using an electric NO
generator. Such a generator is described in Zapol U.S.
patent application 07/850,383 (notice of allowance

30 issued), which is hereby incorporated by reference. In
addition, NO may be provided intermittently from an
inhaler. The use of an inhaler may be particularly
advantageous if a phosphodiesterase inhibitor is
administered, orally or by inhalation, in conjunction

35 with the NO.



angi opl asty, |aser angioplasty, coronary artery bypass grafting,

at herectozy or coronary artery stents. Lnhal ed NO nay he used
according to this i nvention, to treat a nmanmal .that has been identified
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dosage) to produce a satisfactory anti-thrombotic or
anti-restenosis effect.
For treatment, inhibition or prevention of
arterial restenosis, it may be necessary to administer
20 Jinhaled NO by nasal prongs, mask, tent, intra-tracheal
catheter or endotracheal tube, for an extended pcriod,
i.e., days or weeks. The administration may be
continuous, during the extended period. Alternatively,
administration could be intermittent during the extended
25 period. The administration of gaseous NO may be via
spontanecus or mechanical ventilation.

Assesgment of Effects of Inhaled NO
When inhaled NO is administered to treat, inhibit
or prevent thrombosis or arterial restenosis, it is
30 desirable to monitor the effects of the NO inhalation.
Such monitoring can be used, in a particular individual,
to verify desirable effects and to identify undesirable
side effects that might occur. Such monitoring is also
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- 1; - I n advance of a_vascular interventional procedure, to
m.ni m ze the anmount of intimal thickening that takes pl ace follow ng the
arterial trauma normally associ ated wi th vascul ar interventional

procedures. A patient 5 receiving inhaled NO as a preventive neasure before

a vascul ar interventional procedure may or may not have a
arterial resten¥@P¥1% ¢ ernati vel y, inhaled NO may be ad %?T’Ys‘;?’}é@“{

pati ent who has al ready under gone a vasculgak i nterventi onal procedure.
In that 10 situation, adm nistration of the inhaled NO preferably wll
begi n wi t hi n hour ssefukhin \adjusting Aces kenélnduration cand| firequencyoef se,
one of skill in tlaanihlsﬂ-iémn Jzecmaamc lidﬂain ialgaved Masrada.

adm ni stered before, C nLi 0

procedure. 15 Regardl ess St !twg%%{‘g'r 8{1*1 ﬁal %dng.nﬂﬂe?’thﬁl Is?*‘ 92%““’“
before, during or"&Pﬂ-érb?WWWe°“8r°’él?°‘i%r°éethPh§°11°‘f‘rﬂ%rl ed NO may
be admi ni st eredsceu&nmuaysﬁqnmestamomraudmeum lshest padnyri ni stration of

| nhal ed NO 20 P t

source of stored, #gggié%ﬁ %gégégg*é%a gag %E&Lﬂ:ﬁ?& l?tnal ned
froma comercial b?uﬁ Erasoung °£§°RPF¥0 ngiogranhy, of PFh‘?\LB""HIpPEQI ly as
a mxture of 200- §orpages inQevalaube BERPIin qlasmbhersplateletis NO can be

100% NO, or 25 diluted with N2 or any other inert gas (e.g., heliun.
Phosphodiesterase Inhibitors

10 NO decomposes rapidly by reacting with molecular
oxygen to produce nitrite and nitrate. In addition, NO
entering the blood is rapidly inactivated by tight
binding to hemoglobin. For these reasons, NO has only a
short half-life in arterial blood. This means that

15 inhaled NO advantageously avoids systemic vasodilation,
an undesirable, potentially dangerous side effect
associated with sustained systemic NO release from NO

" donor compounds.
~It may be desirable to prolong the beneficial

20 effects of inhaled NO within the target cells or within
cells interacting with the target cells in the lung. In
the context of thrombosis inhibition, prevention and
treatment, circulating platelets are the target cells.
In the context of arterial restenosis inhibition,

25 prevention and treatment, circulating platelets (and
possibly wvhite cells) are the cells which interact with
the target cells in the vasculature.

In determining how to prolong the beneficial
effects of inhaled NO, it is useful to consider that one

30 of NO's in vivo effects is activation of soluble
guanylate cyclase, which stimulates production of
guanosine-3’,5’-cyclic monophosphate (cGMP). At least
sonme of the beneficial effects of NO appsar to result
from NO’s stimulation of cGMP biosynthesis. Accordingly,



It is vital that the NO be obtained and stored as a m xture free of any
contamnating QQerr] or_ higher _oxides of ni trogen, because such hi gher

oxi des of nitrogen (which can formby reaction of JQerr] with NO are
potentially 30 harnful to lung tissues. If desired, purity of the NO may
be denonstrated with chem | um nescence anal ysi s, usi ng known net hods,
prior to adm n| st ration to the patient. Chem | 'um nescence_ NO- N,gserr]

anal yzers alv@ 9625184 ey i al | y avail able (e.g., Mdel 14A, PEREFIY
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m xture may b ?ﬂ M’ﬁte F]‘F exanpl e,

cal i brat ed rotmﬂdimtmmmoraﬂsdahthistmdousl y wWith a

spi r]g)mséI er. tgf&ﬁjtﬂxﬂtiﬁﬁnﬁﬁﬂi NG | ﬁﬂ:aqfatioNQ t i:h?iﬁi?\te%hw Bﬂelﬂké&drﬁk e rrfly be
verified w e ce tecnni que we nown toO
those in the (9% "&‘f'h%? Sgil’—"'g?‘? %%‘t"’g}“gi Atsra 42: 575 (1970)).

Al ternativeBy, NO andth®y mspheéﬁsehemn o#@ibitﬁm‘ymbl! benintnaduced neans
of an el ectrociis e MARKNICHy d:ﬁ;wthﬁnurn&tﬁsd,smmaiﬂe[ 9ia]awan be

Sditronal © SEeky SrafemuchBEl, et Aidue "R A s 0 0 5o e
assessed. |f csuhqutaneoNs OEniﬂt%Rmmehév@%tgas AlternaddNely, added to
t he expi rat or et {riNi i€ o2 NEaY oé Nithaheas bgnthé CadtimaAOUPegy Of NO wi I | not
escape int q_ot hfnhalation, the phosphodiesterase inhibitor is
advantageously formulated as a dry powder Oor an
aerosolized solution having a particle or droplet size of
less than 10 um for optimal deposition in the alveoli,
and may optionally be inhaled in a gas containing NO.
15 A preferred phosphodiesterase inhibitor is
Zaprinast™ (M&B 22948; 2-o-propoxyphenyl-8-azapurine-6-
one; Rhone~Poulenc Rorer, Dagenham Essex, UK).
Zaprinast® selectively inhibits the hydrolysis of cGMP
with minimal effects on the breakdown of cAMP in vascular
20 smooth muscle cells (Trapani et al., J. Pharmacol. EXp.
Ther, 258:269 (1991); Harris et al., J, Pharmacol, Exp,
Ther, 249:394 (1989); Lugnier et al., Biochem. Pharmacol.
35:1743 (1986); Souness et al., Br. J, Pharmacol, 98:725
(1989)). When using Zaprinast® according to this
25 invention, the preferred routes of administration are
intravenocus or oral. The suitable dose range may be
determined by one of ordinary skill in the art. A stock
solution of Zaprinast™ may be prepared in 0.05 N NaOH.
The stock can then be diluted with Ringer’s lactate
30 solution to the desired final Zaprinast® concentration,
immediately before use. )

This invention may be practiced with other
phosphodiesterase inhibitors. Various phosphodiesterase
inhibitors are known in the art, including dipyridamecle -

35 and theophyline. As with Zaprinast®, the route of



adj acent environnent. In a hospital or energency field

situati on, adm ni stration of NO.gas could be acconplished, for
exanpl e, by attaching a tank of conpressed NO gas in Nerr], 20 and a
second tank of oxygen or an oxygen/Nerr] mxture, to an i nhal er
designed to m x gas fromtwo sources; by controlling the flow of gas

from each sourGggoldigss concentration of NO inhaled by the patinebosan be
mai ntai ned at an optinmal |evel. NO gas may, qk§o be m xed 25 with roomair,
using a standard | owfl ow bl-ender (e.g. Bird Bl ender, Pal m Springs,

Cﬁ) NO may be geaamhsdt:aué:r anaNbat tibbe didae tahgéi bnﬁy bﬁlcﬁkelbiiuid ng an
electric NO é%ya t cribed in Zapol U S
pat ent applicati on 5%5%):3 I(;,.q?gggg(i)? g‘f I%‘vi\'/a(r%%g 30 issued), which is
hereby incorporated by reference In addltlon ~NO may be prOV|ded
intermttently frothen A De) genics 2 n{ @ M ha
particularly Pﬁvantageous i f a phosphodlesterase |nh|b|tor |s

ora

adm ni st ered, y or by in tion, in_conjunction 35 with t ]
VD 96/ 25184 Thronbosfs 'say ve' treated h-ausats shansirnibie
-13- NOthmgnbus aformatsion, cdgents tmbrstindtateftharbmolysibavi ng a

thronbosis or artgrjal m'ﬁsﬂiu@iaﬁmﬁl bothl. deBlhib £k &F being at
risk for devel opin or _arterial res&gn05|s at a

concentration of 1‘?‘ Mi‘?t%p(ﬁgf&tgobrbpﬁ?jrf’é\'r PEOKARAR®:  or anot her

sui tabl e urokinase, tissue plasminogen activator ("t-PA"™), met-t-
10 PA (i.e., t-PA with an N-terminal methionine residue),
FE1X (a t-PA analog) heparin, hirudin and Hirulog® (a
hirudin analog). Other antithrombotic agents could also
be used in the practice of this invention. One or more
such antithrombotic agents may be administered to a
15 mammal before, during or after treatment with inhaled NO,
so that their separate antithrombotic activity is
advantageously used to augment the antithrombotic
effect(s) of inhaled NO.
For example, in one embodiment of this invention,
20 an appropriate dose of t-PA is administered before,
during or immediately after NO inhalation, to treat
thrombosis. While the inhaled NO is inhibiting or
preventing the formation of new thrombi, the t-PA will
stimulate the dissolution of: (1) thrombi already
25 presant at the time inhaled NO was administered, or (2)
thrombk formed (albeit at a reduced rate) during or
immediately after the NO inhalation. The selection of
appropriate antithrombotic agents to be administered in
conjunction with inhaled NO, and the selection of the
30 appropriate dosage and route of administration of those
antithrombotic agents is within ordinary skill in the
art.
In a preferred embodiment of this inventien,
aspirin is administered before, during or immediately



gas or gas mxture, for as long as needed. Preferably, t he concentration

wi | ppm__and nost_preferably between 20 and 100
ppm (e.g., 30 ppm 40 ppm 10 50 ppm 60 ppmor 80 ppm. The
concentrati on may tenporarily increased for short periods of time: e.g.,
5 mn at 300 ppm NO, when an i medi ate dramatic effect is desired. For

t he reasons Jaed bel ow, concom t ant treatment wt

phosphodi estera}szgisfnhi bitor may decrease 15 the total dosgﬁgmgwsr equi red
(or allow internttent dosage) to prodé#ice a satisfactory anti-thronbotic

or anti-restgnosi fte For treatyent, _inhibition, or
prevention of agpﬁt.'g? %‘ﬁégfsﬂbsﬁ,tﬁ?%ﬁﬁgﬂ%ﬁ'ssm Pﬁ‘gﬂﬁ? ster 20
i nhal ed NO by aspirindasesrangeiis t&ito 335 mgt (exdkiy) percda¥eter or
endotracheal tube, fowhflecbtieeridagpeced.of thise invia¥son' (1\eks. The

adm ni stration Nl ' i
Al ternativel ,u@g%%en%irﬂ gg‘raaﬁ#g%@%I%@gﬁgﬁ?g?mﬁﬁgwﬁqﬁ%ﬁégﬁg‘lext ended
25 peri od. %esamﬁﬁ@tﬂoatiitoﬁhmﬂ%&%mmei#ﬁ?db%hﬂﬁ-eim ingd¥dduatous or
Vrr\rys]cha_ni ﬁa: \éenﬁii_raiiﬂ‘a_dy_ have, /08 56 & iriak E_EL aevélsping)hvott UOh s
\hen i nhal e i.Ste€ g | it r event thronbosis
or arterial r&%@miaﬁhi éegf){.g%isil%egoggkﬁon??%er:oﬁwu?heffects of the NO
i nhal ation. cixeymskances, Rgthaspactsaf the inyentiaonceulgnbeyi dual ,

to verify desippiceicdd ati thangake tiia! iiny tnadsans ardividualjewethect s

that mght AECYT g3l dHN BEFRE14T &F Shnaled No.

Experimental Information
Thrombosis Experinments

The antiplatelet effects of NO have been assessed

in a recognized canine model of acute coronary

15 thrombolysis after thrombus formation. The canine model
used was essentially as described by Yasuda et al. (J,
An. Coll, Cardiol. 13:1409 (1989)) and Gold et al.
(Circulation (suppl. IV) 83:IV26 (1991)).

Twenty-five adult mongrel dogs (20-25 kg) of

20 either sex were anesthetized with pentobarbital (30 mg/kg
body weight). Supplemental pentobarbital was
adninistered as required to maintain general anesthesia.
The dogs’ tracheas were intubated and their lungs were
mechanically ventilated at 15 breath/min and 10-15 ml/Xkg

25 with s ventilator at Fio, within 21-35% (Hudson
Ventronics, Tenecula, CA) and adjusted to maintain the
arterial blood 0, between 80 and 100 torr. The oxygen
saturation was continuously monitored during the
experiment, using a pulse oximeter (Nellcer, Inc.,

30 Haywood, CA).

The femoral artery and vein were cannulated with a
polyvinyl chloride catheter for continuous arterial
pressure, blood sampling and infusion. Lidocaine 0.1
ng/kg/min i.v., was given when arrhythmias occurred.
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- 14 - useful in adjusting dose |evel, duration and frequency of
adm ni stration of inhaled NOin a given individual. Pref erably,
the effects of inhaled NO on a patient woul d be assessed by one or nore

of the followng: 5 clinical manifestations such as chest pain;
el ectrocardi ogr erial analyses of vascular patency bﬂym‘!'ﬁ%s nd,
coronary angi og@ﬁggﬁﬁ ot her nmeans; and i ncreases in levels o Eﬁ% in

pl asma or platelets. Phosphodi est er ase Bnfti bitors 10

deconposes rapidly, by reacting with l,ar duce nitrite
and nitrate. In ag’a ¥F3ﬂ€°ﬂ)'% 5%?3!&%’#’80?“ f?#p::ﬁ’g\ nact I vat ed
by ti ght bi ndi A)tercestak snce. FShepazicardivanvas \gp

short half-life | suspanded|tdlcradteTai pordaazdﬂdlabr&&lanhaﬂ'm ll&@t
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danger ous si de ef assocl at e sust.ained systemc el ease from
NO ~ donor condpo@ndsCm segment was; igglaged fistal,te the fiysh diagonal
beneficial 20 efferanchf |oﬂmlmm®imhot\ bluvod mgewitmli'wmrton t hin

cell's interactingeWieblinhd Ced A5t alonce! hso_l-;l d & 'dmﬁathﬂter wale ingetesa of

t hr onbosi s i nhi bi t1on, prevent I on_and eatnment, circulatyng platelets

are the target celingo a siﬂt%%f’gx?hﬁf splated, left anteriar | nhibiti on,
Z5 prevention and deseshdkng  caronariyatrteryl sdguents aaddan ultxasionig white
cells) are thejgelerow'Biibe! PERIPTraliabliic sydied,ATHBL, CPlaTA, ¥} Cvas

vascul at ure.

n term proI f e benefici al
effects of inhal ed@lReed;en;the, q"‘Fg Eﬂﬁ\é&*% 2% NO s in vivo
effects i s activatontinficus|bldad flow nonitoring. A 2 m» wide plastic

wire (Mass Gas and Electric Supply, Watertown, MA) was
progressively constricted around the left anterior
15 descending artery, just distal to the proposed site of
thrombus formation, to limit blood flow to 50 + 10% of
baseline. Previous angiographic study has shown this to
decrease the luminal diameter by more than 90%.
The isolated left anterior descending coronary
20 artery was traumatized by four consecutive external
compressions with blunted forceps during 3-5 saconds, to
damage the endothelium and promota thrombus adherence.
Snare occlusions were made distal to the probe and
proximal to the constriction site. Thrombin (0.1 ml of
25 100 units/ml; Thrombinar, Armour Pharmaceutical,
Kankakea, IL) mixed with 0.3 ml of blood was injected
throughh the side branch catheter into the emptied
coronaxy artery segment to induce thrombus formation.
After 10 minutes, the proximal snare was released. Two
30 minutes later, the distal snare wvas released. Ten
minutes after thrombus formation, a heparin bolus (75
UI/kg) was administered intravenously and followed by a
continuous heparin infusion (50 UI/kg/h). After a 30-
minute period of stable occlusion, recombinant



guanyl ate cycl ase, which stinul ates production of

guanosine-3' . 5' -cyclic _nonophosphate (cGW)._At | east _sonme of the
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subcut aneous &eutht SapFransisso,r Ga) cvers tadninisterpd at 1Srainwtebi t or may
be inhal ed by ihBerRI®R until réGanddzatis of ke EREHOSEGS! €T ase

et % e SPEBAEY, GSB bl RERNMILE o Rl OAF o e, 10
[err]mfor ®phpfabesmAAninisteredshe al veol i, and may optionally be
inhaled in a gas contrisi pgotbduré induced altarriting pepiioashoedi est er ase
o e oogrokRiSLfaEion WIEP 42ditun o, PANBAID RS H4a el do"e €
sel ectively i ®fi BPPS'?W%?@IWM afger cinjtial geflow of the ts on the
breakdown of AbbBendingscororariOazrtepyl MsE ratic bpeniitixe /otall. , J.
Phar acol . Eﬁptino was recorded as the primary outcome variable. ECG,
systemic arterial pressure, left atrial pressure and
coronary blood flow were continuously recorded. Animals
with: (1) no reperfusion, (2) reperfusion without
occlusion, (3) fewer than 3 cycles during the first 45-
15 minute observation period, or (4) death befors the end of
the first observation period, were excluded from further
study. ‘
NO gas (800 ppm NO in nitrogen, Airco, Murray
Hill, NJ) was mixed with room air using a standard low-
20 flow blender (Bird Blender, Palm Springs, CA) and then
titrated with varying quantities of NO, to maintain a
constant Fi0, just prior to delivery to the ventilator.
Inspired NO level was continuously monitored by a
chemiluminescence NO-NO, analyzer (Model 14A, Thermeo
25 Environmental Instruments, Franklin, MA; Fontijin et al.,
supra). The FiO, was measured (oxygen mster No. 5590,
Hudsox, Temecula, Calif.) distal to the reservoir bag
after the NO-containing gases were mixed. The exhaled
gases, as well as those discharged from the
30 chemiluminescence analyzer, were scavenged by use of a
venturi exhalation trap maintained at negative
atmospheric pressured by the laboratory’s central vacuum
system. The ambient NO/NO, levels, as measured
intermittently by chemiluminescence, did not increase
35 during the experiments. At each time samples were taken




Ther, 258:269 (1991); Harris et al., J. Pharnmacol. EXp. Ther; 249:394
(1989); Lugnier et al., Biochem Pharnacol. 35:1743 (1986); Souness et
al.., Br. J. Pharmacol. 98:725 (1989)). Wien using Zaprinast[err]
according to this 25 invention, the preferred routes of adm nistration are

I ntravenous or oral. The suitable dose range may be determ ned by one of
ordinary skill rt. A stock sol ution of Zaprinast"” ﬁ@%y 5
prepared in 0.0 ﬁb%ggﬁ. The stock can then be diluted wt %ﬁ%?*s

| actate 30 solution to the desired final Za/®® mast[err] concentration,

| medi atel y before _uyse. Thi s invention nmay be practiced with

ot her phospho pathenogighin %ng'm%mgﬂhodﬁg%f%r%-

i nhi bitors are kn®iscfinpressure and)cowdhany df jow wsxeoienftoxredl andeophyl i ne.

As w th Zaprinast [recokded Néortifivduaily. WD 96/ 25184
PCT/ US96/ 01745 adm.ni_stration and

- .16 -
suitabl e dose range may ﬂgtﬁgtgrﬂ?rm&P“t.Iﬁ?'&ﬁénﬁf'QHQXlﬁﬁg}°§kiII in the
art . Q her Ant(Precseatment paniod)i theoapinalks were divided | into four

agens That o Mg R R 68 *bot
Eg:npfes gf alk§ EBECIDUdRives; crbus B {AM&}"Vis Jives' 44 pp '
inhaled NO for 45 minutes; Group C (n=6) was given 80 ppm
inhaled NO for 45 minutes and Group D (n=6) was given 200
10 ppm for 45 minutes. All groups of animals were then
observed for a third study period beginning with the
cesgsation of NO administration and lasting 45 minutes
(posttreatment period).

In Vitro Measurement of Platelet Aggregation

15 Blood from 8 dogs was collected in 0.01M citrate
and centrifuged at room temperature at 370 x g for 5
minutes, for the preparation of platelet-rich plasma
(PRP), and at 1200 x g for 10 minutes, for the
preparation of platelet-poor plasma (PPP). PRP was

20 exposed only to plastic containers or, during testing,
siliconized glassware. The platelet count
(Thrombocounter C* platelet counter, Coulter Electronics,
Inc., Rialeah, FL) of PRP was adjusted by dilution with
PPP to obtain 300,000/mm3:10%. PRP was then aliguoted

25 into cuvettes incubated at 37°C with magnetic stirring
(1000 rpm) in a dual channel aggregometer (Model 440,
Chrono-Log Corp., Havertown, PA). Light transmission wvas
continuously recorded on a recorder (Model 707, Chrono-
Log Corp., Havertown, PA). The aggregation sample tube

30 was obstructed with a rubber cap and two 19 gauge needles
{(Sherwood Medical, St. Louis, MO) were placed through
this cap, allowing the delivery of a mixture of NO gas
and oxygen above the PRP. The inlet needle was connected
via a flowmeter to a gas reservoir into which a mixture



antithronbotic agents are aspirin, streptokinase, ur oki nase, tissue

pl asm nogen_activator ("t-PA"), met-t- 10 PA (i.e.. t-PAwith an Ntermn nal
met hi oni ne residue), - FELX (a t-PA anal og) heparin, hirudin and
Hirulogl[err] (a hi rudin anal og). O her antithronbotic agents could al so
be used in the practice of this invention. One or nore such

antit hronboti.c g%g‘{]ts may be admnistered to a 15 manmal %&{oh rlng or
after treat et h i nhal ed NO so that their separate an ronboti c
activity is advant ageously used to auggent the antithronbotic

effect(s) of inhaled NO For exanple, in one enbodinent of this

i nvention, 20 ef N gas)r airecand oxygen tRtrateddss demcribdédhabove was during
or i mmedi at el yagy ivaireld? | #hd! ¥6 | Bhedrtratesh wastéBrﬁm&hi Wil e the

i nhal ed NO|S|n b|t|n 0 vent the f newt rombi, the
t-PA will gﬂe{:ﬁ?s ﬂe?t "Gg ﬁ%:bﬂ‘&?y g8k present
at the tine i Mdi@ Nalwasallioved s:qgml@tion Qz)tho flowo ebrofighntlie (al bei t

at | a {educe]g.é, rﬁﬁmw aapﬁaxs.mtémwoaml iiﬁfteﬁoitiﬁ gaba{:s?lmsd The
selection o orl s to adm pistered in .
conj unction WI klotfil #%1 n‘% bﬁ??g %‘f q@(ﬁ" 3 az r| at e dosage
and route of m@n"aﬂ’oﬁ vecipient fl“&nﬂ%#ﬂ)r‘!ﬂd&h S &gent-sva%-w thin
or di nary skillin rm{m cons€aht bubbnf was! ﬂaﬁnﬁﬁfﬁ‘,r ed enbodi nent of this

lnvention, aspi r'ﬂni’-sir?ﬂme | i&g{g E /g é ” mTEdI %t ely

WO 96/ 25184
10 performed after thae exposure ot the test cuvctto

containing 450ul of adjusted PRP to the NO gas mixture
for 10 minutes. Gas administration was continued during
the measurement of ADP-induced aggregation. Platelet
aggregation was studied using different aligquots of PRP

15 treated with 20, 80, 200 and 400 ppm of NO, in random
order. Control ADP-induced platelet aggregation studies
without NO were performed befors and atter the
administration of NO to assess the stability of the PRP
preparation. All experiments were completed within 4

20 hours of blood collection.

Data Analvsis
Artery patency vas defined as the fraction of the
total observation periocd during which flow was greater
than 25% of the basic flow after the initial stenosis was
25 created. Except as noted, results are axpressed as mean
+ SEMs The significance of differences between groups
was determined with Student’s t-test for paired or
unpaired values as appropriate. The significance of the
dose response of the effect of NO on ADP-induced platelet
30 aggregation was assessed with two-way analysis of
variance. A p value <0.05 was considered significant.



- 17 - after NO inhalation, to treat throsnosis. The preferred

aspirin dose range is 81 to 325 ng (orally) per day. ' Wil e the
two aspects of this invention (i.e., t hronbosis and arterial restenosis)
have been described 5 separately, it should be appreciated that an

i ndi vi dual may al ready have, or be at risk of developing, both a

t hr onbosi s and restenosis. Under such ci rcunmst anc s
aspects of the %t’g’#f ?Jon coul d be practiced at the same tlﬁéérmgiiﬁkh"
sane individual, with 10 a single adn ni stT®&4 on of inhal ed NO

Experinmental | nf ormation The

antipl atel et ef f ectasag o 3 2d cani ne
nmodel of acute coronary m;:pnsbmwmmlesrmpom mﬂ-on The

cani ne nodel USRS EcEor afddutiedy 18t dentdr 1vas mciiaaw@ ﬁtstly bidod

A Col | . Cardi ol 0 | .
|\T) 83: 126 Ellggl)‘)ﬂ’3 b¢°34 (Qgﬁgf)’ i’gg"?ﬂ“q efa’ﬁ m)n% Cf.&gﬂi 28 EZUES)
of 20 either seR Wa/@ipmesThetmeddan,nuRbeE ©f Rh koI usesT o4y
wei ght ). Suppl enemhiaeﬂipm&idﬂ waastwo, awlitlnis trange ag 1etput dtable

mai nt ai n gener al es og ed and their
l ungs were mecﬁ' §§F§évlé.r1{1£?e ﬁéi'g&eath ﬁahgﬁ 0-15 m / kg 25
with a ventilator %W&E‘W*W%%W denge of, my MBI Yrenecyl a,
CA) and adj usted torctiredain a1k animalscexeépt| amsl id uhﬁ.}:hbuammﬁbnand
100 torr. The Qxy S fi t Q410 n eflntidyd t he
experi nent, usﬁ?g%gﬁpﬁogeg%%ﬁbt%%iﬁggrw %%?fioaal—lg%od d:n

The fenoral arter B¥¥-vein were cannulated with a pol yvi nyl chI ori de
catheter for continuous arterial pressure, blood sanpling and infusion.
Li docaine 0.1




ng/ kg/ mn i.v.
PCT/US96/ 01745

, was given when arrhythm as occurred.

WD 96/ 25184

- 18 - Thor acot ony was

per formed through the left fifth

opened and suspended

anterior descending artery was di ssected out free,

was i sol ate
bl ood was w
i nserted

%%i%&% for

into a side

coronary artery segnent,
It haca, NY) was

System Inc.,
artery for

(Mass Gas and El ectric Supply,
constricted around the left anterior

t he proposed site of

of basel i ne. Previou
the lum nal dianeter by
anterior descending cor

ext er nal conpr essi on
damage t he endot hel i um
were made distal to the

TABLE 1

Baseline values of Physiological Parameters

i nt er cost al
to create a pericardia

space. The pericardi um was
cradle. The left
and a 5 2.5 cm segnent

to the first diagonal branch. One m l1iliter of
t hronbus formati on. A0ﬁ7nmi%9ﬁ%ﬁ@ﬁﬂ\ms

branch of the isolated left anterior descendi ng
and an ultrasonic 10 fl ow probe (T101 Transonic
pl aced on-tdaze_proxi mal portion of the

continuous blood flow nonitoring. A 2 mmw de plastic wre
Wat ertown, MA) was progressively
15 descending artery, just distal to

thronbus fornation, tolimt blopd flowto 50 10%

_ decr ease
nor e Qo | eall ef t
R 7 s uRlconsecuti ve
Sig h @i fp - 4 s, to
N or Slefe e | ¥Snald occl usi ons
p*ﬁbg =l vl ~ ]
mj @] -} N
0y
g o o
v ~ 0wl o] & ©
B . ) o) o ] O 4
4 Qs < o sl =] M) H 3] -]
a + = n| H| H| © = +
0 -] <+t +Hj N] 0] O + -]
8O . © O] of <] o ~ P}
(O [ . M| N] 0] = ~ o
[7q] i N O] @] ~ (4] o
0
2 o ©
m o~ o] o} ©
. o~ . - o Y
I&g ” . <l =] W] H Te] -]
3 o o~ H (=] | H| #H| © o +
o ol N H +#| vl o| ~ + o
N O Ul o ~ o] o} o] o ]
(L] 8l 0 . | ) O] - o0 o
-l 1 - N| N )] A o o
(5]
(@] ™ ™~
<= 0 ] ] . -
. L - . . -t P
QB ” 3 0| =] ®] H 793 ()
S P G 2 | o ] +§ +] © 72 ] +
O Ol ™~ - H| O] ~] ™ <+ 1]
'R [ . o [ . . . P ] o~
0o 2] . -l ] Nl ™ (=] .
- w K I IR RS ) °
3 |8 .
34 2 @ o O
——
] 6 uwulo | T | = | 2| o
$0o < 0= wl of =~ >~ © aE ~
o N w sul ool ul o ~ | A
E3 I ©0 ul ~ <} o] o L) §
oS L3208 -] o | B ¥ o
83 Bedl B0l B8Rl 5 | S5 ®
o % auwunl Za| <| f x| = o~ X
—

SUBSTITUTE SHEET (RULE 26)



proximal to the constriction site. Thronbin (0.1 m of 25 100 units/al;

Thr onbi nar, Arnour Pharnaceuti cal, Kankakee, IL) mxed with 0.3 m of
bl.ood was injected t hrough the side branch catheter into the enptied
coronary artery segnent to induce thronbus fornmation. After 10 m nutes,

the proximal snare was released. Two 30 mnutes |later, the distal snare was
rel eased. Ten m nutes after thrombus formation, a hepar'”pE?hHﬁmﬁZ@

U /kg) was adm'YR ¥{231% 4 i ntravenously and fol | owned by a cont 1 nuous
heparin -infusion (50 U/kg/h). After a 30— 24 ®winute period of stable

occl usi on, reconbi nant WO 96/ 25184.

PCT/ US96/ 01745 - 19 - t - PA bol uses (0. 45

ng/ kg, Activase[err], Cemanrasie nc. "Numbpuod 9K HolusesScrefdi) twere
adm ni stered at lpughoptse bozd}kﬁf YRjacedd) '-Jac&m@ee&f;aéa %ﬂﬁni-.ha

t hr onbosed coronarZ arte was achi eved or a_ max| f our, bol uses 5

had been admi ni st ELegting tie; "FEQRS Eﬁ?ﬁﬁﬁjGFélPﬁBhEQQIQQ £ERREEPRY peri ods
of recanal i zat PRatboY refexs ¢ anotdiddedibariudedscorenardsb Erteryfat

post st enoti ¢ 11 oWhaghi ghe | Meatleret! W pleddt doP Blate1 g il NangO! ONary
artery. The ratio openlng 10 t ecord as thgﬁgrlnary

out cone vari abl e. "MetHb" %ﬁ%ﬁ%rﬁ%m&FPE??%P%’bé?GFE“F%?? of 5%y essure
and coronary bheadglébin)er ahemet isunossignidicadeddisferarics between: (1)

no reperfusion, (he' BREEIHTE ¥1oW FARHE  ratios at 0 ppm (control), 20 ppm,
80 ppm and 200 ppm of inhaled NO (n=6 for each group).

10 Effects of Inhaled NO on Artery Patency
In animals receiving 0 ppm inhaled NO (Group A),

arterial patency did not change during the three
treatment periods (Fig. 1A). In animals receiving 20 ppm
inhaled NO (Group B), arterial patency increased from

15 50.6 + 6.9% during the pre-inhalation baseline period, to
63.8 + 7.9% during the inhalation perioed (p < 0.01) (Fig.
1B). In animals receiving 80 ppm inhaled NO (Group C),
arterial patency increased from 48.8 + 2.9% during the
pre-inhalation baseline period, to 75 1 + 6.7% during the

20 inhalation period (p < 0.01) (Fig. 1C). In animals

" receiving 200 ppm inhaled NO (Group D), arterial patency
increased from 45.27 + 5.6% during the pre-inhalation
baseline period to 54.8 + 10.4% during the inhalation
period (p = NS) (Fig. 1D). In group C the increased

25 arterial patency observed during the NO inhalation period
persisted during the 45-minute post-inhalation period
(70.1 + 7.1% vs. baseline, p < 0.05). '

when the inhalation period arterial patency

results from groups B, C, and D were pooled, there was a

30 statistically significant difference between the pooled
treatment groups and the control group (p < 0.005). When
the 4S-minute post-inhalation period artery patency
results from groups B, C, and D were pooled, there was



occlusion, (3) fewer than 3 cycles during the first 45- 15 mnute
observation period, or (4) death before the_end of the first observation
period, were excluded fromfurther st udy. NO gas (800 ppm NO
in nitrogen, Airco, Mirray Hll, NJ) was mxed with roomair using a
standard | ow 20 fIOM/bIender (Bird Blender, Palm Springs, CA) and then
titrated mnth var ing quantities of NO to maintain a iderr]
just prior W ery to the ventilator. | nspi red NO ﬁg@@%ﬁ&kgg

conti nuously nDnltored by a chem | ud pgscence NO-NJ err] anal yzer (Model
14A, Therno 25 Environnental Instrunents, Franklin, MA, Fontijin et al.,
supra). The Fi&lsord statistically 4tgn¢xicunztditﬂhroﬁiiﬂhctwaehudnon,

Tenecul a, Ca"5@&1&&fﬂfﬂathﬂnihéréﬁﬁﬁréﬁa'%H@a&ontraité? 3_ g\ contai ni ng
gases were n1x§g he exhal ed gases, as well as those discharged from
the 30 chem | u %% cence anal yzer, were scavenged by use of a vent ur
exhal ation trap maint &Phwlatplﬁgdﬁtvsountammm bepogiehind by the

| abor at ory' 5 ceninigdd \REUNE or S!ﬁéﬁmo Haninikeeatiolh O aHy el exel s, as

measur ed t !g g,nes ot rease 35 during
t he experi rrenté.%%; eg:'h ws E‘E v%r eﬁgﬁgﬂ"gi&f % %06/ 25184

PCT/ US96/ 01745increased trom . 2 t 0. 1% to 1.1 £20.4% inhe deg®enogl obi n

|l evel s were nepged€ing @0t ppat tnhaled MDA TALIESH) & aMEis Ameeasel | OW were

roni tored and pe££f§§?4n§}t%9nEhguﬁaSidhinistration wfgt§¥oﬁiéép Eh”H&E

basel i ne study
10 not seen in dogs receiving lower doses of NO.

Systemic arterial pressure decreased in all groups
of dogs during this study, and did not differ between the
dogs receiving NO and those who did not (Table 2A). Left
atrial pressure was unchanged in all groups of animals

15 throughout the duration of the study (Table 2B).




5 (pretreatnment period) the animals were divided into four groups: G oup
A (n-6) was given O ppminhaled NO (i.e., air) for 45 mnutes; Goup B
(n:6) was given 20 ppm i nhal ed NO for 45 minutes; Goup C (n-6) was

gi ven 80 ppm i nhal ed NO for 45 minutes and G oup D (n-6) was given 200
10 ppmfor 45 minutes. Al groups of animals were then observed for a
third study per 6%; nning with the cessation of NO adm nistration and
| asting 45 m nutes lqfposttreat ment peri od). In Vitr TSR Yhent
of Pl atel et Aggregation 15 Bl ood from 8 dogs was collected in 0.01M
citrate and centrifuged at room tenperaturesgt 370 x g for 5 m nut es,
for the preparation of platelet-rich plasm PRP), and at 1200 x g for
10 m nutes, for the preparation of platel et-poor plasma (PPP). PRP was
20 exposed only to plastic containers or, during testing, siliconized

gl assware. The platel et count (Thronbocounter Clerr] platelet counter,
Coul ter El ectronics, Inc., Hialeah, FL) of PRP was adjusted by dilution
W th PPP to obtain 300,000/ nmferr][err]10% PRP was then aliquoted 25
into cuvettes incubated at 37[err]C with magnetic stirring (1000 rpm
in a dual channel aggregoneter (Mdel 440, Chront-Log Corp., Havertown,
PA). Light transm ssion was continuously recorded on a recorder (Model
707, Chrono- Log Corp., Havertown, PA). The aggregation sanple tube 30
was obstructed with a rubber cap and two 19 gauge needl es ( Sher wood
Medical, St. Louis, M) were placed through this cap, allow ng the
delivery of a m xture of NO gas and oxygen above the PRP. The inl et
needl e was connect ed Vi ] 1_(as reservoir into which a

m xture- ‘

TABLE 2A

Mean Systemic Arterial Pressure (SAP) (lnnc)
During and After NO Inhalation

Before

8918 6 _
;===—======A

105%6

< ¥
I~}
2] n 4 (] (7]
] + + !
3 AN
a
- £
-]
o
L)
- -~ - -] g
&1 v 0 v i o
= L] i i = a
ol = s = ~ o
=] ' L ~ a
o o R
gl © O o] = )
ol = = -4

M ] m of 8aj ¢
=i B g E fa, -1

2. A A Sl
Ol f23F 3 3 g w
= [o] (e} ol © 0O o
oull oull onl oull 3
Of NOj| o0l v 3
>

SUBSTITUTE SHEET (RULE 26}



WO 96/ 25184 - ' PCT/ US96/ 01745

- 23— o0fFNO-gas, -alr—and oxygen titrated as described above was
delivered. The NO concentration was continuously nonitored by the

chem | um nescence NO-NJ err] anal yzer. A needl e val ve all owed regul ation
of the flow through the 5 sanple to approximately 40 m/mn. Positive
pressure jntained in the system by having the ou e
connect edvﬁogﬁ?éelg pient flask filled with 5 cm of water E’kﬁbﬁw{%
constant bubbling was mai nt ai ned. ADP- i nduced pl at el et
aggreognetry studies were 10 perfornmed after the exposure of the test
cuvette containing 450[err]l of adjusted #RP to the NO gas nixture

for 10 m nutes. Gas adm nistration was continued during t he neasur enent
of ADP-induced aggregation. Platelet aggregati on was studi ed using
different aliquots of PRP 15 treated with 20, 80, 200 and 400 ppm of NO in
random order. Control ADP-induced platel et aggregation studies

wi t hout NO were perforned before and after the adm nistration of NOto
assess the stability of the PRP preparation. Al experinents were
completed within 4 20 hours of blood collection. Dat a Anal ysi s

Artery patency was defined as the fraction of the total observation
period during which flow was greater than 25% of the basic flow after
the initial stenosis was 25 created. Except as noted, results are expressed
as nean [err] SEM The significance of difference between groups was
determned with Student's t-test for paired or

TABLE 2B

Mean Left Atrium Pressure (LAP) (mnHG)
Before, During and After NO Inhalation
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unpai red val ues as appropriate. The significance of the dose response of
the effect of NO on ADP-induced platelet 30 aggregation was assessed with

t wo-way anal ysi s of variance. A p value <0.05 was consi dered
significant. WD 96/ 25184

PCT/ US96/ 01745 - 22 - Cani ne Thronbol ysi s
and Reper f usi onm%mﬁesul ts I n each experinental @pdkbeniAs
ext er nal constrictor reduced |eft anterror descendrng artery bl ood

flow by 54 2% of baseline, from22 2 to 028175 ni/nin. The nedian
nunber of tPA bol uses required to obtarn reperfusron was two, with a
range of 1 to 4 (Tab i > g ¢ conpani ed by
el ectrocar di ogr aphi, occurred in all

ani mal s except one“F W eocclusion 10 did not occur; this ani mal was
excluded from further M&§1°n of 20. 80, 200 and 400 ppm NO to the gas

mixture above the PRP led to a dose-related decrease in
the maximal change in light transmission caused by ADP

5 (Fig. 3). There was no change in the ADP-induced
decrease in light transmission in the two control
aggregation curves performed at the beginning and end of
each study (30.5715.57% vs. 31.1:4.31%).

|njury‘



WO 96/ 25184

PCTUS96/ 01745 — - 23 _- [err] WO

96/ 25184 PCT/ US96/ 01745

- 24 - In Tabl e 1: "Nunber of tPA boluses"” refers to number
of boluses injected; "ACT" refers to activated clotting time; "FlJerr]
refers to i Leed, Jerr] fraction; "Ratio" refers to

unoccl uded/ occ %ﬁgﬁ coronary artery at 5 baseline; "Pl at ePETUEIOIMS; o1 5 1o
pl atel et count; and "Met Hb" refers to met henogl obin (percentage of total
henogl obin). There is no significant differepge between t he baseline
flowrate ratios at 0O ppm (control), 20 ppm "~ ~ 80 ppm and 200 ppm of

i nhal ed NO (n-6 for each group).
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10 Effects of Inhaled NO on Artery Patency I n ani mal s receiving
0 ppminhaled NO (G oup A, arterial patency did not change during the
t hree treatnment periods (Fig. 1A). In aninmals receiving 20 ppm

inhaled NO (Group B), arterial patency increased from15 50.6 [err] 6.9%
duLi Ing the pre-inhal ati on baseline period, to 63.8 7.9%during the

I nhal ation peri od < 0.01) (Fig. 1B). In aninmals receivi

i nhal ed NO (G oP@%#PS184  orterial patency increased from 48. 89956%%6%i ng
t he pre-inhal ati on baseline period, to 4538 =6. 7% during the 20

i nhal ation period (p < 0.01) (Fig. 1. In aninals recei ving 200 ppm
inhaled NO (G oup D), arterial patency I ncreased from45.27 5.6% during
the pre-inhal ation basEhe fbays FG&“F-B‘ siempriatrate; shat, iphaled NRc

i nhal ati on peri mt::{qasesl\ISbr(aEagy difYery pagency &rtder lysiscagea 25

arterial patency [ sted
during the 45-m nﬁ%ﬁ%ﬁ(@-l nha gti&%ﬁegl\:e}r |d(; iei;?% Pﬂﬂﬂi‘% \‘/’%Eﬁggtsl?l I ne,

< 0.05). "Fhénl"nﬁﬁ?ﬁﬂ' EeFfLctiy cRROY alsq ts
fromgroups B, & m Rhakr &hpoehbﬂthtmmsf&eeﬁs s@ﬁtimledl NO
significant differ Jtet:\eﬁ-eatt 18280 hinutel’ 82LEF Gedatylh 880N he

control group (p When I n i on period
artery patency '%is"“f roﬁ’nggu‘f)%n?'alfataﬁB’Dggﬁi' g:(ﬂ 3& 8fhere was
YO 96/ 25184 obtained in_vivo, gaseous NO marke@ly/ imiagmgnp—

induced platelet aggregation in vitre.

10 Intimal Hvperplasia Experiments
Neointimal smooth muscle cell hyperplasia is the

main pathologic process in human arterial restenosis.
Therefore, to elucidate the effect of inhaled NO on the
process of restenosis after a vascular interventional

15 procedure such as PTCA, the effect of inhaled NO on
intimal hyperﬁlasia was studied, using a rat carotia
artery model of arterial injury (Clowes et al.,
Laboratory Invesgt, 49:327 (1983)), a standard animal
model for human neointimal smooth muscle cell

20 hyperplasia.
Arterial Injuxy

Adult male Sprague-Dawley rats (Charles River

Laboratories, Wilmington, MA) underwent balloon injury of
the common carotid artery in a manner previously shown to

25 bring about neointimal hyperplasia (Clowes et al.,
supra). Rats weighing 300 to 350 g were anesthetized by
intraperitoneal injection of ketamine (60-80 mg/kg) and
acepromazine (0.1 mg/kg). Once satisfactory anesthesia
had been achieved, a longitudinal midline incision was

30 made and the left carotid artery was isolated via blunt
dissection. After further careful dissection of the
internal and external carotid bifurcation, the distal
external carotid segment was ligated with a 4-0 silk



-- 25 - also a statistically significant difference between the

poaled treatnent groups and the <

Nei t her platelet count nor bl ood henogl obin 5 changed during or after NO
adm nistration in any of the groups of animals (Table 3). Methenogl obin
| evel s increased fromO0.2 [err] 0.1%to 1.1 [err] 0.4%in the dogs

br eat hi ng 200 m i nhaled No (Table 3). This increase | after
t he NO adrﬁ‘ﬁ?é’&f"’é’f‘i on was stopped and was 10 not seen in gﬁg@hr%ég’g?vi ng

| ower doses of NO System & 3Aterial pressure decreased in al
groups of dogs during this study, and did not differ between the dogs
recei ving NO ﬁ'ﬁg"‘i?rosé 14; arteyioteny was, pade in the gxterpal cssure was
unchanged i n eatrotid wmingl microdissditiny scdasarstied duraatFirenchf t he st udy
(Table 2B).  pogarty ballCofi6tXBHéfer (Baxter Edwards LIS) was

PCT/U896/0174§hserted through the arteridfo%g ind[§3$inced

5 approximately two centimeters below the carotid
bifurcation. The balloon was filled with enough saline
to cause visible distention of the common carotid artery
and gently withdrawn to the level of the bifurcation.
The balloon catheter was then withdrawn and after

10 allowing back bleeding through the arteriotomy site to
eliminate potential thrombus and air bubbles, the
external carotid was ligated proximal to the arteriotomy
site using 4-0 silk sutures. After visual inspection to
insure adequate pulsation of the common carotid artery,

15 the surgical lesion was closed and the animals were
allowed to recover from anesthesia.

chronic NO Inhalation :
Chronic NO inhalation was carried out in specially

prepared 40 liter acrylic inhalation chambers. The gas

20 mixtures were blended using separately regulated and
calibrated flow meters for oxygen, pressurized air and NO
stock gases (800 ppm and 10,000 ppm NO in N,, Airco,
Murray Hill, NJ). The effluent gas from the chamber was
analyzed periodically throughout the experimental pericd,

25 to ensure stable FIO, and NO levels. The FIO, was
measured using a polarographic electrode (Hudson Oxygen
Meter 5590, Temecula, CA); NO concentration was measured
by chemiluminescence (Model 14A, Thermo Environmental
Instruments, Inc., Franklin, MA); and nitrogen dioxide

30 and nitrogen with higher oxidation states (NO,) were
measured by chemiluminescence following conversion of the
NO, to NO by a heated stainless steel oven (850°C) with
98% efficiency (Model 100B NO, genarator, Thermo
Environmental Instruments, Inc., Franklin, MA). Fresh



WO 96/ 25184

PCT/ US96/ 01745 - 27 - Jerr] WD 96/ 25184
PCT/ US96/ 01745 - 28 - Ef fects of NO on
ADP- I nduced In Vitro Platelet ~ Aggregation Addi ti on of 20, 80,

200 and 400 ppm NO to the gas m xture above the PRP led to a

dose-rel ated decrease_ in the maxi mal change in |ight transg.Ssi used
by ADP 5 (Fig. 3P4 e was no change in the ADP-induced g")éﬁéggg’g"&a

rease In
light transmission in the two control agggsagation curves perforned at
t he begi nning and end of each study (30.57[err]5.57%vs. 31.14.31%.

soda lime was maintained in the chambers to reduce NO,.
NO concentration was maintained at 20 to 80 ppm,
depending upon the experiment. Serial measurements
revealed FIO, to be 21% and NO, to be 3-4 ppm. The gases

S exiting the exposure chambers, as well as those
discharging from the chemiluminescence instrument, were
scavenged using a venturi trap maintained at negative
atmospheric pressure with reference to the laboratory’s
central vacuum systemn.

10 " Control animals were maintained in filtered cages
in the same room as the NO-treated animals. The NO
exposure was begun 30 to 120 minutes prior to the
surgical procedure. During the surgical procedure, the
NO-treated group was taken out of the chamber and exposed

15 to NO by a modified face mask fed from the inflow gas
tubing of the chambers. Inhaled gas analysis revealed NO
levels of 50-80 ppm Auring the 80 ppm experiments and 10-
20 ppa during the 20 ppm surgical experiments. The total
tine each animal was out of the chamber and under the

20 face mask ranged from 20 to 40 minutes.

Morphometric Analvsis
At 1, 3 and 14 days after ballcon injury, the rats

were euthanized by lethal intraperitoneal injection of
sodiunm pentobarbital or ketamine. A 16 gauge catheter

25 was introduced into the ascending aorta via the left
ventricular apex. The descending thoracic aorta was
ligated. The animal was then perfused at a pressure of
100 m» Hg with 100 ml of normal saline followed by 50 ml
of 2% paraformaldehyde in phosphate buffered saline

30 (PBS). After in vivo fixation for 15 to 30 minutes, both
common carotid arteries were isolated and underwent
further overnight fixation by immersion in 1%
paraformaldehyde in PBS. The tissue was dehydrated using
sequentially increasing concentrations of ethanol



WD 96/ 25184

PCT/ US96/ 01745 - 29 - [err] WO
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- 30 - The above results denonstrate that inhal ed NO

I ncreases coronary artery patency after lysis of a thronbus at the site

of a criti C\flitl)%SIztS?srlOSI S W t hout PCTIUSS6/01745

- 33 =~

followed by xylene, and then embedded in paraffin. Cross
sections (6 um) were cut and stained with hematoxylin and
eosin and/or elastin for analysis. A single section 7 to
8 mm proximal to the carotid bifurcation was used for

S analysis in each animal. The section being analyzed was
photographed at 100X. The image was digitized using a
Kodak 2135 scanner. The intimal and medial area
analyses were performed on a Power Macintosh 8100/80™
computer using the public domain NIH Image program

10 (written by Wayne Rasband at the U.S. National Institutes
Of Health and available from the Internet by anonymous
ftp from zippy.nimh.nih.gov or on floppy disk from NTIS,
5285 Port Royal RA., Springfield, VA 22161; part number
PB93-504868) . The morphometric analysis was performed

1S with the investigator blinded as to the experimental
group.

Statistical Analvsis
Statistical analysis was carried out utilizing
commercially available Statview®™ (Abacus Concepts)

20 software for Macintosh™ computers.. The experimental
group was compared with the control group using an
unpaired two tailed t-test. A value of P < 0.05 was
considered statistically significant. All data are

represented as mean +/- SEM. The n value refers to the
25 number of animals per group.

Results from Rodent Model of Restencsis
A total of 62 rats underwent the carotid injury
procedure. Five of the rats died due to vascular
complications during the arteriotomy or the balloon
30 injury, giving a procedure mortality rate of 8%. There
was no statistically significant maldistribution of the

deaths among the different experimental groups. There
were no post-procedure deaths among the 57 rats who



produci ng any system ¢ henodynam c effects. They also 5 show that the
antithronbotic effects of inhaled NO persist for at |east 45 m nutes
atter cessation of NO i nhal ati on. At NO concentrations simlar to those
obtained in vivo, gaseous NO markedly inhibited ADP- i nduced pl at el et
aggregation in vitro. 10 Inti mal Hyperpl asia Experinents

Neoi nti mal snpboth nuscle cell hyperplasia is the mai n pat ' ocess
in human arteri%®%%¥8%®enosis. ~ Therefore, to elucidate the%ﬂgﬁmg‘{s

i nhal ed NO on the process of restenosi s adter a vascul ar interventional
15 procedure such as PTCA, the effect of inhaled NO on I ntinal

hyper pl asi a was sSuRViNed thendnitial puaceduze. ALl gaks, ragapiless of ;|
injury (Clowes ettheir sxperdashtabrgroup)y exhibifed oxmbld3grpeningt andard
ani mal model T gEndVBIN A0 hRE! TR 6hghét el sRUAGL P! S8l
Arterial Injury a@%due%inqéghéprghhggﬁgwfgg rats CCh ?Igs Ri ver
Laboratories, W |EpRytefrasiepal RECSLS On,) Hhe,gide 0f, the carotid iniwne,,
carotid artery % nna ratsmexhibitedus| grosmwmeurological Metieit. ndoalysim|
hype{ El ?_SI ad(bCI oVg$ f’ts@set_ of Euép_&peﬁgeﬁeﬁ; eﬁbiti& mdaggagg.gguﬁr)e
anest heti zed by ntraperitone c of “ket am ne - nmgl kg
acepr onazi ne (0. 19ﬂ1&ﬁ' kﬁ@‘%fgaggf#gf%ct@'gﬁggfh&%’f%‘g g’ﬁ?&&“ﬁge °

achi eved, a |ongi aixj i ati @0 ppmi and N®rathvas 30 nade and the |eft carotid

artery was isol at gg ¥bg, bl unt di ssection. After further careful
di ssection of the I nter pal d .external carotid_bi fturc ‘iaozgug he di st al
external carot}® segnent Iﬁfagia‘l?i%%d SArifs,oh ¢rRgRipents,

undergoing carotid balloon injury were exposed to either
ambient air (n = 12) or 80 ppm NO (n = 13) in air,
throughout the duration of the study. The animals were
sacrificed 14 days after injury for morphometric analysis

15 of the injured carotid artery. Examination by light
microscopy revealed that three rats from the air
(control) group and one rat from the NO-treated group had
thrombotic occlusion of the lumen of the injured carotid.
These animals were excluded from further analysis. As

20 expected, blood vessels from both groups exhibited a loss
of endothelium and the development of neointimal
hyperplasia. Examination by light microscopy did not
reveal a qualitative difference in the cellular
morphology of the neointima (data not shown). Quantitive

25 analysis, however, revealed that the 80 ppm inhaled NO
treatment resulted in a 38% inhibition of neointimal
hyperplasia, i.e., intima/media ratio of 0.932 +/- 0.13
in 80 ppm animals, compared to 1.512 +/- 0.147 in
0 ppm NO (control) animals (P = 0.008) (Fig. 4).

30 In the next series of experiments, the effect of a
one week exposure to NO was tested. The experimental
group (n = 7) was exposed to 80 ppm NO for seven days and
then transferred to air for an additional seven days,
prior to sacrifice. The control group (n = 5) was

35 exposed to air for the entire 14 day period. There was



WO 96/ 25184 | PCT/ US96/ 01745

- 31 - suture. A small_arterjotony was made in the external carotid
usi ng m crodi ssecting scissors and a 2 French Fogarty bal | oon cat heter
(Baxter Edwards LIS) was i nserted through the arteriotonmy and advanced 5
approximately two centineters below the carotid bi furcation. The bal |l oon

was filled w ugh saline to cause visible distent] g common
carotid ar t%w’ﬁg‘gnd gently withdrawn to the |evel of thgegu l?’royéf i on.

The bal |l oon catheter was then w thdraw 3he after 10 al |l owi ng back bl eedi ng

t hrough the arteriotﬁz fite to elimpate potential thronbus and air
bubbl es, the n¢ gualitative morpholegic; diffarence, batveen the IXOURS: ot ony
site using 4-Ensadd@ition; apantiitivevanabysis fetcheoint bma/medisur e adequat e

pul sation of Re;e0PEPEaléd Hd &ighliPid¥ant Uifkerencdl Eﬁ'nééﬁlﬁ&a‘&as cl osed
and the ani mals wer e a%’j]omed Q:g rgcover from,anest gg%%l . ggrom c NO
| nhal ati on yperplasiy hetwean thg, Ly FLorRAs kelrri 2 A %gdd ally
prepar ed 405 iineNOztyeated janixadsi ogonpaned ity 1FTRA7gai-20. 30Ktiw es were
bl ended usi ngceoarebddely < amd Fignithdant) CAIRr dhed flow neters for
oxygen, pressurized ag.r .a stoc S ppm.,and 1 pm NO in
N err], Arco, w?q"‘a? gﬂ#@ ?\ﬁ’)".'égﬂ?é g?‘??ﬁé’ﬁ?‘q % H@Hefhghgggﬁger was
anal yzed peri d98eaPfyNe amgitmdiedie theeoratm hreathedi eiitheXs 20 ppmsur e
st?bl e FI O[_erru]% qad-l\gljlafqtﬁe (hhe queiéﬂl\}g\,’a%o ggﬁe_ifes@ﬁf%zn%A ;vl O
pol ar ogr aphj.c € L ode on g er nmecul a, ;
concentr at th %ggﬁéﬁ u?&;l”ersenceoﬂx the degree of5 Reoint {mat
- hyperplasia could be found between the 2 groups, i.e.,

intima/media ratio of 0.917 +/- 0.233 for 20 ppm NO-

treated animals, compared to 0.985 +/~- 0.149 for air-

breathing controls (P = not significant) (Fig. 4).

15 : The above results demonstrate that inhalation of

80 ppm NO, over a two-week period, significantly inhibits

neointimal hyperplasia following balloon~induced injury

to carotid arteries, in a rodent mocdel.

. Other embodiments of the invention are within the
20 following claims.



by chem | um nescence (Model 14A, Therno Environnental In
Franklin, MA); and nitrogen_di.oxide 30 and nitrogen with hi iﬂ’ll Eumﬂ Iﬂﬂulll "
states (NJerr]) were measured by chem | um nescence foll

of the NOJ err] to NO by a heated stainless steel oven (850[err]C) with
98% ef ficiency (Mddel 100B NJ err] generator, Therno Envi r onnent al

I nstrunments, | Ry eeasig@nk! in, MA). Fresh WO 96/ 25184 ctus9sn1as
PCT/ US96/ 01745 - 32 - soda |ime was
mai ntai ned in the chanbers to reduce NQe?r:Is. ~ NO concentration was
mai ntai ned at 20 to 80 ppm dependi ng he experiment. Seri al

measur enent s revealed FIJerr] to be 21% and err 0 be 3- pm The
gases 5 exiting the expo’surgsenakbgf§?°‘é& K| °raggh5§%“£a°ttﬂr§cﬁ r8ing from
t he cheni | um nesomdticament: fox treatment orsprevenfidn ofngrsevdaluri trap

mai ntai ned at negaideehosisdiaBSbig Erivnt ekbessived NntdmAlCAGPetplidia
| aboratory's central vacuum system 10 Control animals were

mai nt ai ned in £l % PaFR3Es in the same roomas the NO-treated ani mals.
The NO exposure was begun 30 to 120 mnutes prior to the sur gi cal

procedure. During the suggi cahePugecdsl €laida, whifeincthe txatmentasrt aken

Che ©nf i ow 322”“’%5%84’%3%??5ﬂsvlimé#’ﬁ%gﬂfﬁagﬁéﬁég}?@a%%?ﬁéﬁ eveal ed NO
. (a) identifying a mammal that has an existing
arterial restenosis or is at risk for developing arterial
10 restenosis; and
(b) causing said mammal to inhale a
therapeutically effective concentration of gaseous NO.

3. The use of claim 1 or 2, wherein said mammal
is a human.

15 4. The use of claim 1 or 2, wherein said mammal
has undergone or is preparing to undergo a vascular
interventional procedure.

5. The use of claim 4, wherein said vascular
interventional procedure is selected from the group
20 consisting of angioplasty, coronary artery surgery and
coronary artery stents.

6. The use of claim 5, wherein said procedure is
percutaneocus transluminal coronary angioplasty (PTCA).

7. The use of claim 1 or 2, wherein said NO is
25 inhaled in a predetermined concentration range.

8. The use of claim 7, wherein said concentration
range is 0.1 ppm to 300 ppm.



| evel s of 50-80 ppmduring the 80 ppm experinents and 10- '

the 20_ppm surgical experinents, The total . .. tine each anj WHMMWMHI l"l
the chanber and under the 20 face nmask ranged from20 to 40 nfnutess * s *
Mor phonetri ¢ Anal ysi s At 1, 3 and 14 days after balloon injury,
the rats wer e eut hani zed by lethal intraperitoneal injection of

sodi um pent Ital or ketam ne. A 16 gauge catheter 2 | duced

into the agﬁgﬁéﬁ% aorta via the left ventri cul ar apexﬁﬁﬁﬁghgéggending
thoraci c aorta was |igated. The ani-mgh was then perfused at a pressure

of 100 mMmHg with 100 m of normal saline followed by 50 nm of 2%

par af or mal dehyde i n BhosEhatuse §ff sladnsy| onR 30heppin salq gagaeus o

fixation for fb 19 fithdlled a8Sa BOkture coupFiBingN®} ic},aaharNgs were

I sol ated and ggggyent further overnight fixation by imersion in 1%
par af or mal dehyde 1h PBS. The tissue was dehydrated using sequentially
I ncreasing concentrations of ethanol WO 96/ 25184 '

PCT/ US96/ 01745 10. The use of claim 9, wheé&¥®in saidfmiktwwsl by xyl ene,

and then enbeddggeidod Bethidoh 264 0Sia 9995t 58 SH Yditimel. M Were cut and
stained wt hengfox;?in aﬁﬁ eogﬁ% and/ rbe€a§fin]for anal ysis. A single
section 7 to 8 mmproximal to the carotid bifurcation was used for 5

anal ysis in each ani mal. The wsxtdfocladnng, avteneind sadd 0, is mixed
; with said NO immediately before said mixture is inhaled
by said mammal.

12. The use of claim 1 or 2, further comprising
10 the step of administering to said mammal, in conjunction
with NO inhalation, a therapeutically effective amount of
a second compound that potentiates the therapeutic effect
of gaseous NO.

13. The use of claim 12, wherein said second
15 compound is selected from the group consisting of a
phosphodiesterasa inhibitor and superoxide dismutase.

14. The use of claim 13, wherein said .
phosphodiesterase inhibitgt is selected from the group
consisting of 2-o-propoxyphenyl-8-azapurin-é-one

20 (zaprinast®), dipyridamole and thecphyline.

15. The use of claim 1 or 2, wherein said gaseous
NO is inhaled in the absence of tobacco smoke.



phot ogr aphed at 100X.  The image was digitized using a Kodak 2135[err]
scanner. The intiml and nedial_arpea - ‘analyses were perforned on a Power
MecTnt osh 8100/ 80[ err] conput er using the public domain N H Inage
program 10 (witten by Wayne Rasband at the U. S. National Institutes O
Heal th and available fromthe Internet by anonynous ftp from

zi ppy. nimh. ni h. gov or on floppy disk from NTIS, 5285 R Rd. ,
Springfi el d’,"o%&’%ﬁ‘ml; part nunber PB93- 504868). The notp s(%’?*rsi c
analysis was performed 15 with the igyvastigator blinded as to the

experi ment al gr oup. Statistical™ Anal ysis Statistical

anal ysis was carried out utilizing comercially avail able Statviewerr]
(Abacus Concepts) 20 software for Macintosh[err] conputers. The

experi ment al group was conpared with the control group using an

unpaired two tailed t-test. A value of P < 0.05 was consi dered
statistically significant. Al data are represented as nean +/- SEM The
n value refers to the 25 nunber of animls per group. ne Results from

Rodent Mbdel of Restenosis 100 erwent the
carotid injury procedure. Fi veCONTROLGRQURBI ed due to vdscul ar
conplications during the arteriofony or the balloon 30 injurly, giving a

procedure nortality rate of 8% There was no statisticallly significant
mal di stribution of the deat i Fanmong t he di fferent experi fent al groups.
There were no post-procedure Vleat hs anong the 57 rats whg
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- 34 - survived the initi al. procedure. All _rats regardless—of—— their
experinmental group, exhibited normal groom ng behavi or and activity
1 evel s throughout the study. O her t han occasional ptosis on the side of

the carotid injury, 5 no rats exhibited a gross neurol ogical deficit.
Anal ysi s of a subset of the experinental groups reve b1k gai n
wit hout stWPP¥IS®,) difference during exposure to ai fﬂ%ﬂﬁﬁ% ppm and
NO at 80 ppm 10 In the fyrpt series of experinents, the rats
undergoi ng carotid balloon injury were exposed to either anbient air (n
- 12) or 80 ppm NO (n = 13) in air, t hroughout the duration of the
study. The aninals were sacrificed 14 days after injury for norphonetric
analysis 15 of the injured carotid artery. Exam nation by I|ight
m croscopy revealed that three rats fromthe air (control) group and one
rat fromthe NOtreated group had t hronmboti c occl usion of the | unmen of
the injured carotid. These ani mals were excluded from gurther anal ysis.
As 20 expect ed, bl ood vessel 40Drrorroth gr-otPs exhtb-tet—a—] 0SS of
endot hel i um and t he devel opnent |§O#8&PA i nal hyper pl asi p. Exani nati on
‘by i ght m croscopy did not rreveal a qualitsative differephce in the
cel lular - nor phol ogy of theﬂgﬁoi nti ma (data hot showni. Qantitive 25
‘anal ysis, however, revealed t ~the 80 ppm fnh3l ed tf eat ment
resulted in a 38%inhibition of |[neointimal hiper pl gsi a .e.,
intima/nmedia ratio of 0.932 +/- {0.13 in 80 ppm ani nal s} Fonpared to
1.512 +/- 0.147 QOPEN ART] N(go(_gont Rol) anifralsl (P - 10.0p8) (Fig. 4).
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30 In the next series of experinents, the effect of a one week

exposure to NO was tested. The_experinental _ group (n - _7) was expased
to 80 ppm NO for seven days and then transferred to air for an

addi ti onal seven days, prior to sacrifice. The control group (n = 5)
was 35 exposed to air for the entire 14 day period. There was

96/ 25184 PCT/ US96/ 0

- 35 - ‘69‘&55% tative norphol ogi c difference between ‘ﬁ@sﬁﬁm&aﬁs In
addi tion, quantitive analysis of theyimnfima/nedia ratio reveal ed no
significant difference in neointimnal hyper pl asi a between the two groups,
i.e., 1.059 +/- 0.239 5 in NOtreated animals, conpared to 1.217 +/- 0.309
in controls (P = not significant) (Fig. 4). In a third series
of experinents, a |ower inhaled dose of NO was studied: the rats

breat hed either 20 ppm NO (n =8) or air (n =8). Again, no quantitative

or 10 qualitive difference i
be found between the 2 grou&%
0.233 for 20 ppm NO tre
air- breathing controls (P -
above results denonst rate t hat
period, significantly 4gg
baIIoon i nduced injury

che degree of neointi mal hyper pl asi a coul d
intima/media ratio of 0.917 +/-

)anl rral s, conpared to 0.985 +/- 0.149 for

ot significant) (Fig. 4). 15 The

al ati on of 80 ppm NO, over a two-week

neoi nti mal hyperpl asia foll ow ng

yd arteries, in a rodent nodel.
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Q her enbodi ments of the invention are within the 20 follow ng claims.

WO 96/ 25184 . L . PCT/ US96/ 01745
- 36 - 1. Use of gaseous NO for the manufacture of a
medi canent for treatment or prevention of arterial reatenosis resulting
from excessive intimal hyperplasia 5 in a mammal . 2. The use
of claim1, wherein the treatnent or prevention is by Q
conpri si ngW‘H%ﬁ"ﬂséps of : (a) identifying a HB&FE%%& Shas an
exi sting arterial restenosis or igya risk for developing arterial 10
restenosis; and (b) causing said mammal to inhale a
therapeutically effective concentration of gaseous NO 3. The
use of claiml or 2, wherein said mamal is a human. 15 4. The
use of claim1l or 2, wherein said mammal has undergone or is preparing
to undergo a vascul ar i nterventional procedure.

80

o 1

60 ~

INCREASE IN LIGHT
TRANSMISSION

50

PERCENTAGE l'

40

N

LN

0 A
CONTROL 20 80 200 400 CONTROL

FIG. 3

SUBSTITUTE SHEET (RULE 26)



5. The use of claim4, wherein sai d vascul ar i nterventional procedure is

selected fromthe group 20 consisting of angioplasty., coropary artery

surgery and coronary artery stents. 6. The use of clai m5
wherein. said procedure is per cut aneous translum nal coronary

angi opl asty (PTCA). 7. The use of claim1l1 or 2, wherein sai d
NOis 25 inhaled in a predeterm ned concentration range.

The use of P2 wherein said concentration range T?"bsgimﬁf)m to 300
ppm WO 96/ 25184 5/5 _

PCT/ US96/ 01745 - 37 - 9. The use
of -claim1 or 2, wherein said gaseous NO is inhaled as a m xture
conprising NO (err], and N err] gases. 10. The use of

claim9, wherein said mxture 5 conprises between 20% and 99% (J err] gas by
vol une.
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11." The use of claim9, wherein said Jerr] is mxed Wi ' g’
i mredi ately before said mxture is inhaled by said rram%tfﬁ%mﬁ[)’

12. The use of claim1 or “further conprising 10 the step of R
adm nistering to said rramml, i n conjunction with NO i nhgdmal i

t herapeutically effective anount of a second conpound t | ‘ Mt enti at es

t he t herapeutyg Tffect WORLD @S EALNROPERTY ORGANIZATION 13, \&H NE#F se of claim
12, wherein sald second 15 conpouritrmreniBitesict ed from the group consisting
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(57) Abstract

Disclosed are methods of treating, inhibiting or preventing vascular thrombosis or arterial restenosis in a mammal. The disclosed
methods include causing the mammal to inhale a therapeutically-effective concentration of gaseous nitric oxide (NO). Also disclosed are
methods that include the administration of the following types of agents in conjunction with inhaled nitric oxide: compounds that potentiate
the beneficial effects of inhaled nitric oxide, and antithrombotic agents that complement or supplement the beneficial effects of inhaled
nitric oxide. The figure is a graph comparing the intima/media ratio in control rats. rats exposed for two weeks to 20 ppm NO. and rats
exposed for one week 10 80 ppm NO. followed by one week of breathing air. The asterisk indicates values significantly differing from
baseline {p < 0.05).




