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TBIATMEN'l' or YASCQLM THBOMBQSIS ANQ 
RESTEHOSXS WXTJI IHIJALID HXTBXC OXJDI 

Statnent as to Federally Sponsored. Research 
s Work on this invention waa supported, in part, 

with funds from the United States government (OSPHS 
grants HL42397 and HL45895). The government therefore 
has certain rights in the invention. 

Back,qroun4 pf the Invention 
10 This invention relates to m.ethods of treatinq, 

inhibiting or preventing v~scular thrcmbosia and methods 
of treating, inhibiting or preventing arterial restenosis 
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 percutaneous 
translwainal coronary angioplasty ("PTCA"; a type of 
balloon angioplasty) or coronary bypass surqery. 

20 Thrombosis may also result frcm progression of a natural 
·'disease, such as atherosclerosis. Various aqents, 
including aspirin, prostaglandin E1 , selective 
throJlll)oxane Az inhibitors, selective thrombin inhibitors, 
platelet receptor GPIIb/IIIa bloclcers, tissue plasainoqen 

25 activator, streptokinase, heparin and kistrin have been 
used as antithrombotics. Jaa, Jt..a.Sta., Yasuda et al. 
(Cirsulat;ion 83:1038 (1991)); and Gold et al., 
(Circulation (Supplement IV) 83:IV26 (1991)). eurrently 
available antiplatalet aqents include aspirin, 

30 ticlopidin, 11LOnoclonal antibodies, nitroqlycerin and. 
sodiWD nitroprussida. 

Another unwanted result of arterial injury from 
vascular interventional procedures is arterial 
reatenosis. 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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succes•ful in over 95 percent of cases, a gradual 
renarrovinq or reocclusion process, known as restenosis, 
occurs within six months in 30 to SO percent ot the 
patients. 

Vascular interventional procedures tend to damage 
the vascular wall. Such injury triqqers the 

proliferation of vascular smooth muscle cells, resulting 
in intimal hyperplasia. This proliferation may be due in 
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-narrowinq of the arterial lwaen. 
Thus, arterial restenosis can severely limit the lonq­
term effectiveness ot vascular interventional procedures. 

15 Snp1rv of the Invention 
It has been discovered that inhaled nitric oxide 

(NO) qas increases blood vessel patency after lysis of a 
thrombus at the site of a critical stenosis, without 
causing any systemic hemodynaaic effects. The 

20 antithrom.botic 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 treati119, inhibiting or preventing a 

thrombO•i• in a aa1DJ1al, by causing the mammal to inhale a 
therapeutically effective amount of qaseous NO. The 
thrombosis may be associated with a disease or injury. 

In another aspect, the invention features a method 
30 for treating, inhibiting or preventinq arterial 

restenosis in a aaJllJllal, by cauainq the maJ1J1al to inhale a 
therapeutically effective amount of gaseous NO. The 
arterial restenosis may be associated with a disease or 
injury. 
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A second compound which potentiates the beneticial 
effects of inhaled NO may be administered to a mammal, in 
conjunction with NO inhalation. one means whereby the 
second compound could potantiate the beneficial effects 

5 of NO inhalation is by prolongation of the eftect of 
inhaled NO in target tissues, or cells that interact with 
the tarqet tissues, without causing undesirable systemic 
vasodilation and concomitant decrease in systemic blood 
pressure. More particularly, prolonging the 

10 antithrombotic and/or intimal hyperplasia-inhibiting 
eftect of inhaled NO may be accomplished by administering 
a phosphodiesterase-inhibiting aqent in conjunction with 
(i.e., before, during or immediately attar) NO 
inhalation. Preferred phosphodiesterase inhibitors are 

15 those that selectively inhibit cGMP-specific 
phosphodiesterases, while minimally affectinq the 
breakdown of adenoaine 3',5'-cyclic monopbosphate (cAKP) 

by other phoaphodieatera•••· A preferred 
phosphodiesterase inhibitor displaying the aforeaentioned 

20 specificity is zaprinaat• (HIB 22948; 2-o-propoxyphenyl­
a-azapurine-6-one, Rhone-Poulenc Rorer, Dagenb .. Bsaax, 
UX). Other cGMP-specific phosphodiesterase inhibitors 
are known and may be substituted for Zaprinast•. 

Another 11eana whereby the second compound could 
25 potentiate th• beneficial effects of NO inhalation is by 

proloft(Jation of 1:he in vivo halt-life ot NO. That may be 

accoapli•bed, for exaaple, by adainiaterinq superoxid• 
dismuta••· superoxide dismutase removes superoxide 
radicals, which react with NO. 

JO In other preferred embodiments, a second 
antithrombotic aqent which auqm.ents the beneficial 
antithrombotic effects of inhaled NO may be administered 
to a ma••al in conjunction with the inhaled NO. Exmaples 
include asplrin, ticlopidine, monoclonal anti):)odiea, 

35 nitroglycerin, and socliwa nitroprusaide. 
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Aa used herein, •acute ischemic coronary syndrome• . 

mean• acute occlusion ot a coronary artery, e.9., acute 

myocardial infarction, unstable angina, crescendo anqina, 

anqina pectoris, coronary intermediate syndrome, anqina 

5 pectoris status post thrombolysis and anqina pectoris 

status poat PTCA. 

10 

As used herein, •antithrombotic aqent• means an 

a9ent that inhibits thrombus formation, stimulates 

thrombolysis, i.e., thrombus dissolution, or both. 

As used herein, "intimal (or neointimal) 

hyperplasia" means proliferation ot arterial smooth 

muscle cells in the intima, in response to arterial 

endothelial denudation. 
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, followinq NO 

inhalation, to mediate a beneficial effect in the 

20. inhibition, prevention or treatment of thrombosis or 

arterial restenoaia. 
As used herein, a "therapeutically effective 

concentration ot qaaeoua NO• is a concentration that 

induces one or more of the following in a given patient: 

25 relief ot chest pain, relief of shortness of breath, 

resolution of ischeaic electrocardiographic chanqes, and 

improved coronary artery blood flow (which may be shown 

by angiQCJraphy). 
As used herein, a "therapeutically effective" 

30 amount of a phosphodiesterase inhibitor is an amount that 

increases the duration (i.e., half-time) or maqnitude of 

the therapeutic effect of gaseous NO. 

As used herein, Nthrombosis" means the formation 

or presence of a blood clot within a blood vessel, which 
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clot .. Y cause infarction or ischemia of tissues supplied 
by th• vessel. 

As used herein, "arterial restenosis" means an 
abnormal narrowing ot an arterial lumen as a result of 

S excessive (neo)intimal hyperplasia. 
As used herein, "vascular interventional 

procedure• means any surgical procedure that involves an 
anatomical disruption or a mechanical disturbance of a 
blood vessel. A non-exclusive list of vascular 

10 interventional procedures includes balloon angioplasty, 
laser angioplasty, coronary artery surgery, atherectomy 
and coronary artery stents. 

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

15 may result from a naturally occurring disease, e.g., 
athrosclerosis, or fr01ll a vascular intarventional 
procedure, e.q., anqioplasty or coronary bypass surqery. 
The methods herein disclosed are also useful for 
treating, inhibiting or preventinq arterial restenosia 

. 20 .r.esultinq ..from excessive intimal hyperplasia. such 
arterial restenoais is a frequent complication associated 
with vascular interventional procedures, such as PTCA or 
coronary bypass surqery. 

According to this invention, NO qas aay be 
2 5 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, 
JO and most preferably between 20 and ioo ppa; 

(d) as a mixture includinq NO, oxyqen (02), and 
nitroqen (H2) or other inert qases, preferably havinq an 
Fio2 (i.e., proportion of o2 , by volmae) of 0.20 to 0.99, 
the proportion of o2 in air bein9 0.21, and where the NO 

35 gas is mixed with the o2-containinq gas shortly betore 
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inhalation (e.9., less than 5 minutes before inhalation, 
and preferably less than one minute before inhalation); 
and 

(e) in such a way that the concentration of N02 is 

5 monitored and kept within safe limits (e.g., less than 1 

ppm). 
An important advanta9e of this invention is that 

inhaled NO does not induce systeaic vasodilation and 
concomitant acute systemic hypotension. systemic 

10 vasodilation is an undesirable, potentially dan9erous 
side effect associated with sustained systemic NO release 
from oral or intravenously adainistered 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 froa the claims. 

&rief pescription of th9 Qrayinqs 
F~9. 1A is a graph coaparing open arterial time 

20 (as a percentage of total ti-) for the control group 
before, during and after zero ppa NO inhalation, in the 
canine coronary artery thrombosis model. 

Piq. 18 is a qraph comparing open arterial time 
(as a percentage of total time) for the 20 ppm inhaled NO 

25 group before, during and after HO inhalation, in the 
canine coronary artery thrombosis model. The asterisk 
indicate• value siC)Jlif icantly differs froa baseline (p < 

0.05). 
Fig. lC is a graph comparing open arterial time 

30 (as a percentage ot total time) for the BO ppa inhaled NO 
group before, during and after NO inhalation, in the 
canine coronary artery thrombosis model. The asterisk. 
indicates value siqniticantly differs from baseline (p < 

0.05). 
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Piq. 10 is a qraph coaparing open arterial till• 
(as a percentage of total tiae) for the 200 ppm inhaled 

NO qroup before, during and after NO inhalationr in the 
canine coronary artery thrombosis model. 

5 Fig. 2 is a qraph showing ADP-induced canine 
platelet. agqreqation curves for samples exposed .. to o ppm 
NO or 400 PP• NO. 

Fig. 3 is a graph snmmarizinq dose response data 
on the effect of inhaled NO on canine platelet 

10 agqreqation. 
Fiq. 4 is a graph comparing the intima/media ratio 

in control rats: rats exposed for two weeks to 20 ppm NO; 
rats exposed far two weeks to 80 ppm NOJ and rats exposed 
for one week to so PP• NO, followed by one week of 

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

Qetai19d Description 
Thrombqsis 

'l'he invention provides a si:mple, rapid. selective 
20 and efficacious method for treating, inhibiting or 

preventing a vascular thrombosis in a mallll&l, such as a 

human patient. 'rhe thrombosis to be treated, inhibited 
or prevented may result from any of the various causes of 
throaboses. For ex~pla, the type of thrombOais aay be a 

25 poattraumatic arterial thrombosis. 'l'he throabosia aay 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 tbe thrombosis treated, 

JO 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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HO, accordinv to this invention. 'l'ba throml:>o•i•-r•lated 
acute ischeaic coronary syndrome may be associated with. 
e.g., an artery-occludinq disea~e or a vascular 
interventional procedure. Thrombosis-related acute 

S ischeaic coronary syndromes include, but are not limited 
to, myocardial infarction, unstable anqina pectoris, 
thrombosis after corona~ revascularization, and 
reocclusion after coronary throllbolyais. coronary 
ravaacularization may he accomplished by various known 

10 vascular interventional procedures, e.g., P'l'CA, laser 
anqioplasty, coronary artery bypass cp:aftinq, coronary 
artery atherectoay or coronary artery stenta. 

Inhaled NO may be used, according to this 
invention, to treat a mammal that has been identif iad as 

15 having an existing throllboaia. Mmals, and human• in 
particular, are known to display various sign• and 
symptoms relating- to the existence of a thrombosis, and 

may be identified thereby. Th• recoqnition of such signs 
and S}'11lptoms is within the skill of medical 

20 _practitioners. Sign• and symptmu of a thrombosis in a 
human patient include, but are not liaitecl to, th• 

following: cheat pain, shortness of breath, paralysis, 
limb pain, myocardial infarction, anqina pactoria, 
unstable angina pectoria, crescendo anqina pectoria, 

25 iscbaaic congestive heart failure, cardioqenic shoclc, 

peripheral vascular disease and isch-ic limb. In one 
embodimen~ of thi• invention, th• identified ma1111al is a 
human Vbo ha• a throabosis, and the thrombosis to be 

treated by NO inhalation is manif eated aa a myocardial 
JO infarction. 

Alternatively, inhaled NO also may be used to 
inhibit or prevent thrOJlll:K>aia development in a ma1111al 
that does not have an existinq thrombosis but has been 
identified as being at risk of developing a thrombosis. 

35 certain existing pathological conditions, e.q., 
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athero•cleroais, are known to put an individual at risk 
of developing a thrombosis. In addition, certain 
vascular interventional procedures, e.g., balloon 
angioplasty and coronary artery bypass surqery, are known 

S to put an individual at risk of developing a thrombosis. 
Accordingly, individuals diaqnosed as having pathological 
conditions with which an increased risk of thrombosis is 
associated, individuals who have undergone one or :more 
vascular interventional procedures, and individuals for 

10 whom one or more vascular interventional procedures are 
imminent, may be advantageously treated according to this 
invention .. 

Similarly, the identified maamal may be a hwaan 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 procedure 
such as angioplasty. In a particularly preferred 
embodiment, the identified mammal is a bwaan at risk ot 

developinq a thrombosis as a result of a PTCA procedure. 

25 Arterial Restenosis 
Tha invention provides a siaple, rapid, selective 

and efficacious method for treating, inhibiting or 
preventinq arterial restenosis resultinq ~rom excessive 
intimal hyperplasia. Excessive intimal hyperplasia and 

30 arterial restenosis frequently occur f ollowinq vascular 
interventional procedures such as anqioplaaty of any 
vessel (e.g., carotid, femoral, coronary, etc.); or any 
coronary revascularization procedure, including balloon 
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anqiopla•ty, laser an9ioplasty, coronary artery bypa•• 
graftinq, atherectomy or coronary artery stents. 

Inhaled NO may be used, accordinq to this 
invention, to treat a maJllllal that has been identified as 

5 havinq an existinq arterial restenoais. Mammals are 

known to display various signs and symptoms relating to 

the existence of an arterial restenosis, and :may be 

identified thereby. The recoqnition ot such signs and 

syapto111s is within the skill of medical practitioners. 

10 SiCJ?ls and symptoms of a arterial restenoais in a mammal 

include, but are not limited to, the following: chest 

pain, shortness of breath, electrocardiOC)raphic chanqe• 
and coronary anqioc;rapbic findings. The objective o~ 
treatinq an existing arterial restenoais with inhaled NO 

15 is to reduce the thickness of the intima of a resteno•ed 

artery, so as to increase the diameter ot the arterial 

luaen, i.e., reduce the pathological stricture. 
Alternatively, inhaled NO may be used, accorclinq 

to this invention, to inhibit or prevent arterial 
20 restenosis in a uml (e.g., a human) that does not have 

an existing arterial restenosia but bas been identified 
as being at risk of developing an arterial reatenoaia. 

Certain vascular interventional procedures, e.9., PTCA 
and coronary bypass surgery, can cause arterial traUJla. 

25 Arterial traUJla is known to lead_ to excessive intiaal 
hyperplasia and arterial restenoaia. There~ore, those 
procedure• put a patient at risk of developinq an 
arterial restenoais. Accordingly, individuals who have 
undergone one or aore vascular intarventional procedures, 

30 and individuals for whoa one or more vascular 
interventional procedures are imainent, may be 

advantageously treated accordinq to this invention. 
The inhaled NO is, for exaaple, adainistared to a 

human patient who is scheduled to underqo a vascular 

35 interventional procedure. Inhaled NO may be administered 
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in advance or a vascular intarv•ntional procedure, to 
minimize the amount or intimal thickeninq that takes 
place f ollowinq the arterial trauma normally associated 
with vascular interventional procedures. A patient 

s recaivinq inhaled NO as a preventive measure before a 
vascular interventional procedure may or may not have an 
existing arterial resten~sis. Alternatively, inhaled NO 

may be administered to a patient who has already 
under9one a vascular interventional procedure. In that 

10 situation, administration of the inhaled NO preferably 
will be9in within hours of the vascular interventional 
procedure. Of course, one of skill in the art will 
recoqnize that inhaled NO may be administered before, 
durin9 and after a vascular interventional procedure. 

15 Reqardlesa of whether the.inhaled NO is administered 
before, durinq or after the procedure, or all three, the 
inhaled NO may be administered continuously or 
intermittently • 

. Mministration of Inhaled. HO. 
20 Inhaled NO is preferably ac:lminiatered from a 

source of stored, compressed NO qas. Compressed HO qas 
may be obtained froa a commercial supplier sucb as Airco 
(MUrray Hill, HJ), typically a• a mixture of 200-aoo ppm 
NO in pure N2 9aa. The source of NO can be 1oot HO, or 

25 diluted with H2 or any other inert qas (e.q., hel.iwa). 
It ia vital that the NO be obtained and stored as a 
mixture tree of any contaminating o2 or hiqher oxidea of 
nitr09en, because such hiqher oxide• or nitroqen (which 
can torm by reaction of o2 with NO) ara potentially 

30 harmful to lung tissues. If desired, purity of the NO 
may be demonstrated with chemil.Wlinescence analysis, 
usinq known methods, prior to administration to the 
patient. Chemilwainescence NO-NOx analyzers are 
commercially available (e.9., Model 14A, Thermo 
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EnVironaental Instruments, Franklin, MA). The HO-N2 
mixture may be blended with air or o2 throuqb, for 
example, calibrated rotameters which have been validated 
previously with a spirometer. The final concentration ot 

5 HO in the breathing mixture may be verified with a 
chemical or chemiluminescence technique well known to 
those in the field (e.q., Fontijin et al., Anal. Chem. 
42:575 (1970)). Alternatively, NO and N02 concentrations 
may be monitored by means of an electrochemical analyzer. 

10 Any ;lmpurities such as N02 can be scrubbed by exposure to 
NaOH solutions, baralyme, or sodalime. As an additional 
control, the Fio2 of the final gas mixture may also be 

assessed. If desired, the ventilator may have a gas 
scavenger added to the expiratory outlet to ensure that 

15 aiqnif icant amounts of NO will not escape into the 
adjacent environaent. 

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 N2 , 

20 and a second tank of oxyqen or an oxygen/N2 mixture, to 
an inhaler designed to mix gas froa two sources; by 

controlling the flow of gas fro• 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 rooa air, using a standard low-flow blenclar (e.g., 

Bird Blender, Palla Springs, CA). HO may be qenerated 

frOll H2 and 02 (i.e., air) by usinq an electric NO 
qener•tor. such a qenerator is described in Zapol u.s. 
patent application 07/850,383 (notice of allowance 

JO issued) , which is hereby incorporated by reference. In 

addition, NO may be provided intermittently fro• an 
inhaler. The usa or an inhaler uy be particularly 
advantageoua if a phosphodiesterase inhibitor i• 

administered, orally or by inhalation, in conjunction 
35 with the NO. 
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HO .. y be administered to a umal idantif ied as 
havi119" a tbrOJlboaia or arterial reatenoaia, or a mammal 
identified aa beinq at risk for developinq a thrombosis 
or arterial restenosis, at a concentration of from 0.1 

5 ppm to 300 PPll in air, pure oxygen, or another suitable 
qas or gas mixture, for as long as needed. Preferably, 
the concentration will be between 1.0 and 200 ppm; and 
moat preferably between 20 anc:l 100 ppm (e.g., 30 ppm, 40 
ppm, 

10 50 ppm, 60 ppm. or so ppm) • The concentration may 
temporarily increased for short period• of tiae: e.g., 
5 min at 300 ppm NO, when an iJ11J1ediate dramatic affect is 
desired. For the reaaona explained below, concomitant 
treatment with a phosphodiesterase inhibitor may decrease 

15 the total dosaqe of NO required (or allow intermittent 
dosa9a) to produce a satisfactory anti-thrombotic or 
anti-restenoais effect. 

For treatment, inhibition or prevention of 
arterial restenoaia, it may ba necaaaary to adainiater 

20 .inhaled .BO by nasal pronqa, maak, tent, intra-tracheal 
catheter or enclotracheal tube, for an extended. period., 
i. a. , days or weaka. The adainiatration may be 

continuous, duriq the extended period. Alternatively, 
administration could be intermittent durinq the extended 

25 period. The amainiatration of qaaeoua NO may be via 
spontanaoua or aecbanical ventilation. 

Asaes...nt of Effect• of lnhaled HO 
When inhaled NO is administered to treat, inhibit 

or prevent throJlbosia or arterial restenoaia, it i• 

JO desirable to monitor the effects of the HO inhalation. 
Such •onitorin9 can be used, in a particular individual, 
to verify desirable effects and to identify undesirable 
side effects that might occur. such monitorinq is also 
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useful' 1n adjusting do•• level, duration and frequency of 
adlliniirtration of inhaled HO in a qiven individual. 

Preferably, the effects of inhaled NO on a patient 
would be assessed by one or more of the followinq: 

s clinical manifestations such as chest pain; 
electrocardiography; serial analyses of vascular patency 

by ultrasound, coronary an9iography or other means; and 

increases in levels of cGMP in plaS111a or platelets. 

10 

Pbosphoc!iasterase Xnbibitors 
NO decomposes rapidly by reactinq with molecular 

oxyqan to produce nitrite and nitrate. In addition, NO 

entarinq the blood is rapidly inactivated by tight 
binding to h81110CJlobin. For th••• reasons, NO ha• only a 
short half-life in arterial blood. Thia means that 

15 inhaled NO advantageously avoids syst .. ic vaaodilation, 

an undesirable, potentially danqerous side affect 

associated with sustained systeaic NO release froa NO 

donor ccnapouncla. 
··It -y be desirable to prolong the beneticial 

20 effects of inhaled NO within the target cells or within 
cells interacting with th• target call• in the lung. In 
the context of thrombosis inhibition, prevention and 

treatment, circulating platelets are the target cells. 

In the context of arterial resteno•i• inhibition, 
25 prevea~.ian ancl treataent, circulatinq platelet• (and 

possibly white calla) are the call• which interact with 

the tarv•t cell• in the vaaculature. 
In detera1ni119 hov to prolong th• beneficial 

effects of inhaled HO, it is useful to consider that one 

JO of HO'• in yiyo effects is activation of aolUble 
guanylate cyclase, wbicb stimulates production of 
guanosine-3',5'-cyclic aonopbo•pbat• (cGllP). At 1ea•t 
soae of the beneficial effect• of NO appear to re•ult 

fr011 NO'• stiaulation of cGllP biosyntheais. Accordingly, 
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in a preferred •bod.iaent of the invention. a 
pbosphodieatera•• inhibitor is adllinistered in 
conjunction with NO inhalation, to inhibit the breakdown 
of cGMP by endoqenous phosphodiesterases. 

The phosphodiesterase inhibitor may be introduced 
into.the namnal by any suitable method, includinq via an 
oral, transaucoaal, intravenous, intramuscular, 
subcUtaneous or intraperitoneal route. Alternatively, 
the inhibitor may be inhaled by the •mnal. Por 

io inhalation, the phosphodiesterase inhibitor is 
advantaqeously tormulated as a dry powder or an 
aerosolized solution havinq a particle or droplet size of 
less than 10 pm ror optimal deposition in the alveoli, 
and may optionally be inhaled in a gas containing KO. 

15 A preferred phosphodiesterase inhibitor is 
Zaprinast• (M'B 22948; 2-0-propoxyphenyl-a-azapurine-6-
one; Rhone-Poulenc Rorer, Daqenhaa Essex, UK). 
Zaprinast• selectively inhibits the hydrolysis of cGJIP 

with minimal ef tects on the breakdown of cAJIP in vascular 
20 smooth muscle cells. (Trapani et al., J. Pharwacgl. IXRr 

Tber. 258:269 (1991); Harris et al., J. Phlrwacol. IXRr 
Thar. 249:394 (1989); LuCJDier et al., Bigchag. Pb•raacgl. 
35:1743 (1986); Sounea~ et al., Br. J. Pharmacol. 98:725 
(1989)). When uain9 Zaprinaat• accordin9 to this 

25 invention, the preferred routes of adlliniatration are 
intravenous or oral. The suitable dose ran9e may be 

determined by one o~ ordinary skill in the art. A stock 
solution at Zaprinaat• may be prepared in 0.05 H NaOR. 
The stack can then be diluted with Ringer's lactate 

30 solution to the desired tinal Zaprinaat• concentration, 
i:amediataly before uae. 

This invention may be practiced with other 
pboapbodiesteraae inhibitors. Various phosphodiesterase 
inhi:bitora are known in th• art, including clipyridaaale 

35 and theophyline. As with Zaprinast•, the route of 
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adaini•tration and suitable do•• rang• .. y be detar11inad 
bV one of ordinary skill in the art. 

Other ADtithr0Pb9tic Agents in Coniunction yith Inbalesi 

lm 
Tbroll):)osis may :be treated by agents that inhibit 

thrombus formation, agents that stimulate throllbolysis, 
i.e., thrombus disaolution, or both. Exalllpl•• of 
antithrombotic agents are aspirin, atreptokinaaa, 
urokinase, tissue plasminogen activator C"t-PA•), met-t-

10 PA (i.e., t-PA with an N-terminal methionine residue), 
FElX (a t-PA analog) heparin, hirudin and Hirulog• (a 
hirudin analog). Other antithrombotic agents could also 
:be used in tbe practice ot this invention. Ona or more 
such antithrombotic agents may be administered to a 

15 mamaal before, during or after treatment with inhaled NO, 
so that their separate antithrombotic activity is 
advantageously used to augment the antithrombotic 
affect(•) of inhaled NO. 

Por exaapla, in one embocliaant of this invention, 
20 an appropriate dose of t-PA ia administered before, 

during or illll9diataly after NO inhalation, to treat 
tbromboaia. While the inhaled NO is inhibitinq or 
preventinq th• for11&tion of new thrombi, the t-PA will 
stiaulate the dissolution of: (1) throabi already 

25 pres.n~ at the tbae inhaled NO was adainistered, or (2) 
thrcmb:l foraed (albeit at a reduced rate) during or 
immediately after the NO inhalation. Th• selection ot 
appropriate antithrollbotic agents to be adainistered in 
conjunction with inhaled NO, and the selection of the 

30 appropriate dosage and route ot administration of those 
antithrcmbotic agents is within ordinary skill in th• 
art. 

In a preferred embodiment of this invention, 
aspirin is adlliniatarad before, during or i-diately 
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after HO inhalation, to treat thrombosis. Th• preferred 
aspirin dose range is 81to·3251llCJ (orally) per day. 

While the two aspects ot this invention (i.e., 
thrombosis and arterial restenasia) have bean de•cribed 

s separately, it should be appreciated that an individual 
may already have, or be at risk of developing, both a 
thrombosis and arterial restenoais. Under such 
cirCW11Stancea, both aspects of the invention could be 

practiced at the same ti.ma, 1n tha auae individual., with 
10 a single administration ot inhaled NO. 

Experiaental tnfgraatiqn 
Thrgmboais Bxpariments 

The antiplatelet ettects ot BO have l:Mten ••••••ad 
in a recOC)ftized canine modal of acute coronary 

15 thrombolysis after thrombus formation. The canine aodel 
used was essentially as deacribecl by Yasuda at al. (IL. 

Am• coll. Cardiql. 13:1409 (1989)) and GOld et al. 
(Cirgµlation (suppl. IV) 83:IV26 (1991)). 

Twenty-tiva adult mongrel dogs (20-25 kCJ) of 
20 either sex vara anesthetized with pantobarbital (30 mg/kg 

body weiqht). · SUpplaental pentobarbital wa• 
administered as required to 11aintain general anesthesia. 
The dOCJ•' trachea• vera intumtad and their lunqs were 
mechanically ventilated at 15 breath/min and 10-15 al/k9 

25 with a ventilator at Pio2 within 21-J5t (Hudson 
Ventronics. Tanacula, CA) and adjusted to -intain th• 

arterial blood o2 between 80 and 100 torr. The oxygen 
saturation waa continuously monitored during the 
experiment, uainq a pula• oxiaeter (Nellcor, Inc., 

JO 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 
mq/kg/min i.v., was given when arrhythmias occurred. 



W09fil25184 PCT/US96/01745 

- 18 -

'l'horacotoay va• perf ormecl tbrouCJh th• left f itth 
interoo8tal apace. Th• pericardiua wa• opened an4 
suspend.ad to create a pericarclial cradle. The left 
anterior descendinq artery was dissected out tree, and a 

5 2.s CJD s9911ent was isolated distal to the first diagonal 
branch. one milliliter of blood was withdrawn for 
tbroB11s formation. A o .• 7 ma i.d. catheter was inserted 
into a side branch of the isolated left anterior 
descendinq coronary artery segment, an4 an ultrasonic 

10 flow probe (T101 Transonic syst-, Inc., Ithaca, HY) was 
placed on the proximal portion of the artery for 
continuous blood flow monitorinq. A 2 ma wide plastic 
wire (Mass Gas and Electric supply, Watertown, MA) was 
prOC)reasively constricted around th• left anterior 

15 descendinq artery, just distal to the proposed site of 
thrombus f onaation, to liait blood flow to 50 ± 10• of 
baseline. Previous anqioqraphic study has shown this to 
decrease the 1UJ1inal di .. eter by more than 90,. 

The isolated left anterior descending coronary 
20 artery was tramaatizecl by four consecutive external 

coapresaions with blunted forceps during 3-5 seconds, to 
dmaaqe the endotheliUJI and proaate throabull adherence. 
snare occlusions were .ad• distal to the probe and, 
proximal to the constriction site. 'l'hrOllbin (0.1 •l of 

25 100 units/Ill; 'l'hrcmbinar, Armour Pbarllaceutical, 
Kankakee, XL) •lxed with 0.3 al of blood was injected 
throW)llth• side brancb catheter into th• emptied 
coronary artery s9CJ11ent to induce thrombus formation. 
After 10 ainuta•, the proxiaal snare was releaaad. Two 

30 •inute• later, the distal snare was released. Ten 
minute• after thrombu• formation, a heparin bolua (75 
UI/kCJ) was adainistered intravenously and followed by a 
continuous heparin infusion (50 UI/k9/h). After a 30-

ainute period of stable occlusion, recombinant 
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t-PA boluaea (0.45 -a/kg; Activa••m, Genentecb Inc., 
south San Francisco, .CA) were adlliniatered at 15-ainute 
intervala, until recanalization of th• thro111>osed 
coronary artery waa achieved or a maximum of four bolu••• 

5 had been adainistered. 
Thi.a procedure induced alternating periods ot 

recanalization and reocclusion (defined as less than 25t 
of poststenotic flow) after initial raflow of the left 
descending coronary artery. The ratio openiDCJ time/total 

10 tiae was recorded a• the primary outcoaa variable. BCG, 
systemic arterial pressure, left atrial pressure and 
coronary blood tlow were continuously recorded. Animals 
with: (1) no reperfusion, (2) reperfuaion without 
occlusion, (3) fewer than 3 cycles during the first 45-

15 minute observation period, or (4) death before the end of 
the f irat obaervation period, were excluded from further 
study. 

HO gas (800 ppa HO in nitrogen, Airco, Hurray 
Hill, NJ) was mixed with rooa air using a standard lov-

20 flow blender (Bird. Blender, Pala Spring•, CA) and then 
titrated with varying quantitt .. of NO, to -intain a 
constant Pio2 juat prior to delivery to the ventilator. 
Inapired HO level waa continuously 1t0nitored by a 
ch-ilWlineacenae HO•ROx analyzer (Model 14A, Therao 

25 Environmental Instruaenta, Franklin, llAJ Pontijin et al., 
wupra). Th• Pl~ was meaaured (oxygen -t:•r No. 5590, 
Hudson, i.r-cula, Calif.) diatal to the reservoir bag 
after the HO-Containing CJ•-• were •ixad. Th• exhaled 
gaaaa, aa well aa tho•• discharged troa th• 

3 o cheailuaineacana• analyzer, were scavenged J:ty use of a 
venturi exhalation trap maintained at negative 
a'baospberic praaaured by the laboratory'• central vacuua 
syst-. 'l'he ambient 110/1102 levels, aa -••ured 
intermittently by cbeail1111ineacence, did not increase 

3 5 during the experi.Jlenta. At each till• •-Pl•• were taken 
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and ~lobin level• were mea•urecl. Heart rate, 
blood pressure and coronary flow were monitored and 
recorded continuously. 

After a 45 minute.baseline study period 
5 (pretreatment period) the animals were divided into four 

groups: Group A (n-6) was given o ppm inhaled NO (i.e., 
air) for 45 minutes; Group B (n•6) waa given 20 ppa 
inhaled HO for 45 minutes; Group c (n•6) waa given 80 ppm 
inhaled HO for 45 minutes and Group D (n•&) was given 200 

10 ppm for 45 minutes. All groups of animal• were then 
observed for a third study period beginning with the 
cessation of HO adaini•tration and lasting 45 minut .. 
(posttreatllant period). 

ID Yitrp Meaaurennt gt Platelet Agqreqatign 
15 Blood from 8 dogs waa collected in O.OlX citrate 

and centrifuged at rooa temperature at 370 x CJ for 5 
minutes, for the preparation of platelet-rich pla ... 
(PRP), and at 1200 x g for 10 minutes, for the 
preparation of platelet-poor pla1111& (PPP). PRP was 

20 exposed only to plastic containers or, during testing, 
siliconizad glassware. The platelet count 
(Thrombocounter c• platelet counter, Coulter Electronics, 
Inc., Hialeah, PL) of PRP was adjusted by dilution with 
PPP to obtain 300,000/ .. 3±1ot. PRP was than aliquoted 

25 into cuvettea incubated at 37•c with magnetic stirring 
(1000 rpa) in a dual channel aggraqo•eter (Model 440, 
Chrono-Lac) Corp., Havertown, PA). Light transaisaion waa 
continuously recorded on a recorder (Model 707, Chrono­
Log Corp., Havertown, PA). The aggregation auple tube 

30 was obstructed with a rubber cap and two 19 gauge needles 
(Sherwood Medical, st. Louis, MO) were placed through 
this cap, allowin9 the delivery of a aixtura of NO gas 
and oxygen above the PRP. 'l'he inlet needle was connected 
via a flowaeter to a CJ•• reservoir into which a mixture 
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ot HO 911•, air and oxygen titrated as de•cribed aboVe wa• 
delivered. 'l'h• HO concentration waa continuously 
:monitored by the cheailUD.in••cance HO-Boa analyzer. A 
needle valve allowed regulation of the flow through the 

5 sample to approximately 40 •l/•in. Positive pressure waa 
maintained in the system by having the outlet needle 
connected to a recipient flask filled with 5 e11 ot water 
in Which constant bUbblinq was :maintained. 

ADP-induced platelet aqf)reqom.etry studies were 
10 performed after th• exposure of the teat cuvette 

containing 450~1 of adjusted PRP to the HO qaa mixture 
for 10 minutes. Gaa administration waa continued durincJ 
the weasur-ent of ADP-induced a4)9regation. Platelet 
ag9%'egation was studied using difterent aliquots of PRP 

15 treated with 20, 80, 200 and 400 ppa of HO, in randoa 
order. Control ADP-induced platelet ag(Jregation atudiaa 
without HO were performed before and after the 
adlliniatration of NO to aaaeaa the stability of tbe PU 
preparation. All experiaenta were completed within 4 

20 hours of blood collection. 

Data An•lvsia 
Artery patency was defined as the fraction of the 

total omervation period during which flow was gr-ter 
than 25t of the basic f lov after the initial atenoais waa 

25 cr-ted. Except as noted, reaulta are axpr•••ed aa .. an 
± S..._ Tile significance of dif f erenc•• between group• 
waa deterllined with Student's t-test for paired or 
unpaired values aa appropriate. Th• significance of the 
do•• reaponae of the effect of HO on ADP-induced platelet 

30 aggraqation waa aaHsaed with two-way analyais of 
variance. A p valu. <0.05 vaa considered significant. 
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caniM 'l'hromhply1i1 and BeporfU•ign MQdal Beau1t1 

In each experi•ental group, the external 
constrictor reduced left anterior descending artery blood 
flow by 54 ± 2• of baseline, froa 22 t 2 to 10 ± 1 

s ml/min. The median number of tpA boluses required to 
obtain reperfuaion was two, with a range of 1 to 4 (Table 
1). cyclic reflow and reoccluaion accompanied by 

electrocardiographic evidence of myocardial injury 
occurred in all animals except one in which reocclusion 

10 did not occur; this animal was excluded froa further 
study. 
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Baseline Values of Pbys_~ologiaal Parameters 

Group A Group B Group C 
Parameter () ppm NO 20 ppm NO 80 ppm NO 
Measured 

(n•6) (n•6) (n-6) 

Post-stenotic 51.7±3.5 55.2±3.7 51.6±4.7 
flow 
<' before 
stenosis) 

Number of tPA 2.0±0.4 1.7±0.2 1.8:t0.3 
boluses 

ACT (sec) 219:!:16 219±14 236±5.3 

FIO.,(t) 29.0±1.1 27.5±1.0 32.2±1.5 

Ratio <'> 55.7±8.5 50.6±6.9 48.8±2.9 

Hb(mq/dl) 13.26±1.35 14.28±0.85 14.08±0.85 

Platelet ct 301±55 292±25 277±35 
(x103/mm3) 

MetHb (t) 0.25±0.17 O.lO:t0.06 0.18±0.09 

Group D 
200 ppa 
NO 

(n•6) 

54.6±1.9" 

2.0±0.4 

196±12.8 

Jl.6±3.0 

45.2:.t:S.6 

12.95±0.6 
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In Table 1: "Humber of tPA boluses" refers to 

number of boluses injected; •ACT" refers to activated 

clotting time; "FI02" refers to inspired o2 fraction; 

"Ratio" refers to unoccluded/occluded coronary artery at 

s baseline; "Platelet Ct" refers to platelet count; and 

"MetHb" refers to methemoqlobin (percentage of total 

hemoglobin). There is no significant difference between 

the baseline flow rate ratios at O ppm (control), 20 ppm, 

80 ppm and 200 ppm of inhaled NO (n•6 for each group). 

10 Effects of Xnboled HO on Artery Patency 

In animals receiving O ppm inhaled HO (Group A), 

arterial patency did not change during the three 

treatment periods (Pig. lA). In animals receiving 20 PP• 

inhaled NO (Group B), arterial patency increased from 

15 50.6 ± 6.9t during the pre-inhalation baseline period, to 

63.8 ± 7.9t during the inhalation period (p < 0.01) (Pig. 

18). In animals receiving 80 ppm inhaled NO (Group C), 

arterial patency increased from 48.8 ± 2.9t during the 

pre-inhalation baseline period, to 75.1 ± 6.7t during the 

20 inhalation period (p < 0.01) (Pig. lC). Xn animals 

receiving 200 ppm inhaled NO (Group D), arterial patency 

increased rroa 45.27 ± 5.&t during the pre-inhalation 

baseline period to 54.8 ± 10.4t during the inhalation 

period (p •NS) (Pig. 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 groupa B, C, and D were pooled, there waa a 

30 statistically significant difference between the pooled 

treatment groups and the control qroup (p < 0.005). When 

the 45-minute post-inhalation period artery patency 

results from qroups B, c, and D were pooled, there was 
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also a •tatiatically siqnif icant difference between the 
pooled treatment qroups and the control group (p < 
0.005). 

Neither platelet count nor blood hemoqlobin 
5 chanqed durinq or after NO administration in any of the 

qroupa of animals (Table 3). Methemoglobin levels 
increased from 0.2 t o.1t to 1.1 ± 0.4t in the doqs 
breathinq 200 ppa inhaled NO (Tal>le 3). This increase 
persisted after the NO administration was stopped and was 

10 not seen in doqs receivinq lower doses of NO. 
systaic arterial pressure decreased in all groups 

of doqs durinq this study, and did not differ between the 
doqs receivinq NO and those who did not (Table 2A). Left 
atrial pressure was unchanged in all groups of animals 

15 throuqhout the duration of the study (Table 28). 
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Kean systeaic Arterial Pressure (SAP) (mm88) 
Before, Duriaq anc1 After RO Inhalation 

NO Treatment Before During After 

0 ppm NO (N=6) 89±8 82±6 80±7 
Group A 

20 ppm NO (n=6) 105±6 96±6 82±6 
Group B 

so ppm NO (n=6) 91±5 81±9 78±7 
Group C 

200 ppm NO (n=6) 94±3 95±4 93±4 
Group D 

Values are expressed as maaniSEM. 

I 

N 
en 

~ 
§ -: 

"1:1 

-~ 
i -~ 
"' 



en c 
m 
~ 
=i c: . -t 
m 
~ 
m 
!!1 
s 
c 
r rn 
M 

NO Treatment 

0 ppm NO (N=6) 
Group A 

20 ppm NO (n=6) 
Group B 

80 ppm NO (n=6) 
Group C 

200 ppm NO (n=6) 
Group D 

'l'ABLB 28 

Mean Left Atriua Preaaure (LAP) (llllll&) 
Before, Durinq and After RO Inhalation 

Before During After 

5.5±0.6 5.4±0.7 5.4±0.7 

s. 2±1. 6 4.7±1.4 4.6±1.1 

5.3±0.6 5.2±0.6 4.9±0.6 

4. 6±1.1 4.2±0.9 3.7±0.8 

Values are expressed as mean±SEM. 
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Btf•ct• pf HO on APP-InducecS Jn Vitro Platelet 
AqareqatiQD 

Addition of 20, BO, 200 and 400 ppm HO to the gas 
mixture above the PRP led to a dose-related decrease in 
the maximal change in light transmission caused by ADP 

~ (Fiq. 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 (30.57±5.57t vs. 31.1±4.Jlt). 
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NO 
Treatment 

0 ppm NO 
Group A 
(n=6) 

20 ppm NO 
Group B 
(n=6) 

80 ppm NO 
Group c 
(n•6) 

l -
Measurement 

Hb (aq/dl) 

Platelet Count 
(Xl03/mm3) 

MetHb (%) 

Hb (mq/dl) 

Platelet Count 
(x103 /mm3) 

MetHb (%) 

Hb (mq/dl) 

Platelet count 
(x103 /mm3 ) 

MetHb (t) 

TABLB 3 
i -

Before Durinq 

13.2±1.3 13.7±0.8 

301±55 284±53 

0.22±0.2 0.2:1:0.1 

14.3±0.85 12.7±0.7 

292±25 269±22 

0.1±0.1 0.4±0.2 

14.0±0.8 11.9±0.3 

277±35 238±32 

0.2±0.1 0.4±0.1 

After 

12.2±0.7 

276±35 

0.2±0.2 

2±1 

253±16 

0.1±0.02 

11.1±0.6 

209±37 

0.3±0.1 

I 

Ql 

~ 
0 

§ 
.... 
f 

"d 

~ en 

I -~ 
!JI 



W096/25184 PCT/US96/0l745 

- 30 -

Th• above results demonstrate that inhaled RO 

increases coronary artery patency after lysis of a 

thrombus at the site of a critical stenosis without 
producinq ·any systemic hemodynamic e~fecta. They also 

5 show that the antithrombotic effects of inhaled NO 

persist for at least 45 minutes after cessation of NO 

inhalation. At NO concentrations similar to those 

obtained in yiyo, gaseous NO markedly inhibited ADP­

induced platelet a9gre9ation in yitro. 

10 IntiMl Hypernlgia Experiments 
Neointimal smooth muscle cell hyperplasia is the 

main patholoqic process in hwaan 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 hyperplasia was studied, using a rat carotid 

artery modal of arterial injury (Clowes et al., 
Laboratory Inyeat. 49:327 (1983)), a standard animal 

model for human neointimal smooth muscle cell 

20 hyperplasia. 

Arterial In1urv 
Adult male Sprague-Dawley rats (Charles River 

Laboratories, Wil•inf)ton, MA) underwent balloon injury of 

the c011110n carotid artery in a manner previously shown to 

25 brin9 about neointimal hyperplasia (Clowes et al., 

supra). Rats weighing 300 to 350 9 were anesthetized by 

intraperitoneal injection of ketamine (60-80 119/k9) and 

acepromazine (0,111CJ/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 
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suture. A small arteriotomy was made in the external 
carotid usinq microdisaectin9 scissors and a 2 French 
Foqarty balloon catheter (Baxter Edwards LIS) was 
inserted through the arteriotomy and advanced 

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

10 allowing back bleeding through the a:rteriotomy site to 
eliminate potential thrombu• and air bubbles, the 
external carotid was ligated proximal to the arteriotomy 
site usinq 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 HO Inhalation 
Chronic HO inhalation waa carried out in specially 

prepared 40 liter acrylic inhalation chambers. The gas 
20 mixtures were blended using separately regulated and 

calibrated flow •eters for oxygen, pressurized air and HO 
stock gases (BOO ppm and 10,000 ppm RO in M2 , Airco, 
Murray Hill, NJ). The affluent gas from the chamber was 
analyzed periodically throughout the experimental period, 

25 to enaure stable PI02 and NO levels. The FI02 was 
measured using a polarographic electrode (Hudson Oxygen 
Mater 5590, Temecula, CA); NO concentration waa •easured 
by chemiluminescence (Model 14A, Thermo Environmental 
Instruments, :Inc., Franklin, KA); and nitroqen dioxide 

30 and nitrogen with higher oxidation states (HOx) were 
measured by ch .. iiuainescence f ollovin9 conversion of the 
Mox to HO by a heated stainless steel oven (8SO•C) with 
98t efficiency (Mod.el 1008 MOx generator, Therllo 
Environmental.Instruments, Inc., Franklin, KA). Fresh 
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soda l!Jle was maintained in the chambers to reduce Ho •• 
NO concentration was maintained at 20 to 80 ppa, 
depending upon the experiment. serial measurements 
revealed FI02 to be 21t and NOz to be 3-4 ppm. The 9ases 

5 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 vacuua aystea. 

10 Control animals were maintained in filtered cages 
in the same roOll 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 tace mask fed from the inflow qaa 
tubing of tbe cbaJlbera. Inhaled qaa analysis revealed NO 
levels of 50-80 ppm during the 80 ppa experiments and 10-
20 ppa during the 20 ppa surgical experiments. The total 
time each animal waa out of tbe chamber and under the 

20 face mask ranged from 20 to 40 minutes. 

MorpbQJ19t;rig Analyaia 
At 1, 3 and 14 day• attar balloon injury, the rats 

were eutbanized by lethal intraperitoneal injection of 
sodiua pentobarbital: or ket-ine. A 16 gauge catheter 

25 was introduced into the ascending aorta via the left 
ventricular apex. The deacandinq thoracic aorta was 
liqat~. The animal was then perfused at a pressure of 
100 ma Bq with 100 al of normal saline followed by so ml 
of 2t paraforiaaldebyde in phosphate buffered saline 

30 (PBS). After in yivo fixation for 15 to 30 minutes, both 
c01111on carotid arteries were isolated and underwent 
further overnight fixation by immersion in lt 
paraforaaldehyde in PBS. The tissue was dehydrated usinq 
sequentially increasing concentrations of ethanol 
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followed by xylene, and then embedded in paraffin. cross 
section• (6 1&m) were cut and stained with bematoxylin and 
eosin and/or elastin for analysis. A single section 7 to 
8 ma proximal to the carotid bifurcation was used for 

5 analysis in each animal. The section being analyzed was 

photographed at lOOX. .. The image was digitized usin9. a 
Kodak 2135• scanner. The intimal and ••dial area 
analyses were performed on a Power Macintosh a100/ao• 

computer using tbe pul:>lic domain NIH Image proqraa 
10 (written by Wayne Rasband at th• u.s. National Institutes 

Of Health and avail•ble from the Internet by anonymoua 
ftp from zippy.nimh.nib.qov or on floppy disk froa RTIS, 
5285 Port Royal Rel., Sprinqfield, VA 22161; part nwaber 
PB93-504868). 'l'he morphoaetric analysis was performed 

15 with the investigator blinded as to the experimental 
qroup. 

statist.ical An•lvtia 
Statistical analysis was carried out utilizing 

commercially available Statview• (Abacus Concepts) 
20 software for Macintosh• computers. The experimental 

qroup was compared with the control group using an 
unpaired two tailed t-teat. ~ value of P < 0.05 was 
considered statistically significant. All data are 
represented as -an +/- sa. 'l'be n value refers to the 

25 number o~ ani•ala per group. 

ResuUa frPJ1 Boc!ent Model pt B11teno1i1 
A total of 62 rats underwent the carotid injury 

procedure. Five of the rats died due to vascular 
complications during tbe arteriotoay or the balloon 

JO injury, giving a procedure mortality rate of at. There 
was no statistically significant maldistribution of the 
deaths among the different experimental groupa. '?here 
were no post-procedure deaths among the 57 rats who 
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survived the initial procedure. All rats, regardlesa of 
their experimental qroup, exhibited normal grooainq 
behavior and activity levels throughout the stUdy. Other 

than occasional ptoais on the aide of the carotid injury, 

5 no rata exhibited a qross neurological deficit. Analysis 

of a subset of the experi .. ntal qroupa revealed weigbt 

gain without statistical difference during exposure to 

air, NO at 20 ppm and NO at 
80 ppm. 

10 In the first series of experi•ents, the rats 

undergoing carotid balloon injury were exposed to either 

ambient air (n • 12) or BO ppm NO (n • 13) in air, 

tbrougbout tbe duration of the study. The ani-1• 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 

thrcmbotic occlusion of the lwaen of the injured carotid. 

Th••• anillals ware excluded from further analysis. As 

20 expected, blood vessels from both groups exhibited a loss 

of endothelium and thedevelopaent of neointillal 
hyperplasia. Examination by light •icroscopy did not 
reveal a qualitative difference in the cellular 

morphology of the neointima (data not shown). Quantitive 

25 analysis, however, revealed that the so PP• inhaled HO 
treat.ant resulted in a 38t inhibition of neointillal 

hyperplaaia, i.e., intima/meclia ratio of 0.932 +/- 0.13 
in ao ppa animals, coapared to 1.s12 +/- 0.147 in 
o ppa NO (control) aniaal• (P • o.008) (Fig. 4). 

30 In the next aeries or experiments, the effect of a 

one week exposure to NO was tested. The experiaental 
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 
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no qualitative morphologic difference between the ~oupa. 
In addition, quantitive analysis of the intima/media 
ratio revealed no significant difference in neointimal 
hyperplasia between the two groups, i.e., 1.059 +/- 0.239 

S in NO-treated animals, compared to 1.217 +/- 0.309 in 
controls (P •not significant) (Fiq. 4). 

In a third series of experiments, a lower inhaled 
dose of HO was studied: the rats breathed either 20 ppa 
NO (n • 8) or air (n • B). Aqain, no quantitative or 

10 qualitive difference in the deqree of naointimal 
hyperplasia could be found aetween the 2 qroups, i.e., 
intima/media ratio of 0.917 +/- 0.233 for 20 ppm HO­
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 pp11 HO, over a two-weak period, significantly inhibits 
neointimal hyperplasia f ollowinq balloon-induced injury 
to carotid arteries, in a rodent model. 

Other am»odiments of the invention are within the 
20 following claims. 
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Claiu 
1. Use of gaseous NO for the manufacture of a 

medicament for treatment or prevention of arterial 

restenoais resulting from excessive intimal hyperplasia 

5 in a mammal. 

2. The use of c~aia 1, wherein the treatment or 

prevention is by a method comprising the steps of: 
(a) identifying a maamal that baa an axiatinq 

arterial reatanoaia or is at risk for developing arterial 

10 restenoaia; and 
(b) causing said mammal to inhale a 

therapeutically effective concentration of qaaeoua NO. 

3. 'l'he 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 undarqo a vascular 

interventional procedure. 

5. The use of claim 4, wherein said vascular 

interventional procedure is selected fr01l the group 

20 conaiatinq of angioplasty, coronary artery surqary and 

coronary artery stants. 

6. The use of claim 5, wherein said procedure is 
percutaneous translwainal coronary anqioplasty (PTCA). 

7. The use of claim 1 or 2, wherein said NO is 

25 inhaled in a predetermined concentration ranqe. 

a. The use of claim 7, wherein said concentration 

ranqa is 0.1 ppm to 300 PPll• 
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9. The use of claia 1 or 2, wherein said qaseoua 
NO is inhaled as a mixture comprisinq MO, o2 , and H2 

qaselli. 

io. The use of claim 9, wherein said mixture 
s comprises between 20t and 99t o2 gas by volume. 

11. The use of claim 9, wherein said o2 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 adminiaterinc;r to said mammal, ·in conjunction 

with HO 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 

phosphodiesterase inhibitor and superoxide dismutaae. 

14. The use of claim iJ, wherein said 
phosphodiesterase inhibitor is selected from the group 
consisting of 2-0-propoxyphenyl-a-azapurin-6-one 

20 (Zaprinast•), dipyrid .. ole and theophyline. 

15. 'J.'he use of claim 1 or 2, wherein said qaseous 
NO is inhaled in the absence of tobacco smoke. 


