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(57) ABSTRACT 

A method for preventing adverse effects associated With the 
use of a medical device in a patient by introducing into the 
patient a device of Which at least a portion includes a 
prophylactic or therapeutic amount of a nitric oxide adduct. 
The nitric oxide adduct can be present in a matrix coating on 
a surface of the medical device; can be coated per se on a 
surface of the medical device; can be directly or indirectly 
bound to reactive sites on a surface of the medical device; or 
at least a portion of the medical device can be formed of a 
material, such as a polymer, Which includes the nitric oxide 
adduct. Also disclosed is a method for preventing adverse 
effects associated With the use of a medical device in a 
patient by introducing the device during a medical procedure 
and before or during said procedure locally administering a 
nitric oxide adduct to the site of contact of said device With 
any internal tissue. 
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USE OF NITRIC OXIDE ADDUCTS 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/253,977 ?led Jul. 11, 2002, Which is a 
continuation of US. application Ser. No. 09/621,610 ?led 
Jul. 21, 2000, issued as US. Pat. No. 6,471,978, Which is a 
continuation of US. application Ser. No. 09/433,550 ?led 
Nov. 4, 1999, issued as US. Pat. No. 6,174,539, Which is a 
continuation of US. application Ser. No. 08/460,465 ?led 
Jun. 2, 1995, issued as US. Pat. No. 6,087,479, Which is a 
continuation-in-part of US. application Ser. No. 08/123,331 
?led Sep. 17, 1993, abandoned. This application is related to 
US. Pat. No. 6,255,277 and US. Pat. No. 6,352,709. 

FIELD OF THE INVENTION 

[0002] This invention relates to the use of medical devices 
and to the treatment of damaged vasculature. More particu 
larly, the invention relates to the use of medical devices 
Which are inserted into a patient Wherein at least a portion of 
the device includes a surface Which exposes and delivers a 
form of nitric oxide to vascular surfaces With Which it comes 
in contact. Alternatively the invention relates to the ?eld of 
preventing the adverse effects Which result from medical 
procedures Which involve the use of such a medical device 
and Which include administering a source of nitric oxide to 
the cite of vasculature contact of such medical devices. 

BACKGROUND OF THE INVENTION 

[0003] The vascular endothelium participates in many 
homeostatic mechanisms important for the regulation of 
vascular tone and the prevention of thrombosis. A primary 
mediator of these functions is endothelium-derived relaxing 
factor (EDRF). First described in 1980 by Furchgott and 
ZaWadZki (Furchgott and ZaWadZki, Nature (Lond) 
288:373-376, 1980), EDRF is either nitric oxide (Moncada 
et al., Pharmacol Rev. 43:109-142, 1991.) (NO) or a closely 
related No-containing molecule (Myers et al., Nature 
(Lond.), 345:161-163, 1990). 
[0004] Removal of the endothelium is a potent stimulus 
for neointimal proliferation, a common mechanism under 
lying the restenosis of atherosclerotic vessels after balloon 
angioplasty. (Liu et al., Circulation, 79:1374-1387, 1989); 
(Fems et al., Science, 253:1129-1132, 1991). Nitric oxide 
dilates blood vessels (Vallance et al., Lancet, 2:997-1000, 
1989) inhibits platelet activation and adhesion (Radomski et 
al., Br. J. Pharmacol, 92:181-187, 1987) and, in vitro, nitric 
oxide limits the proliferation of vascular smooth muscle 
cells (Garg et al., J. Clin. Invest., 83:1774-1777, 1986). 
Similarly, in animal models, suppression of platelet-derived 
mitogens decreases intimal proliferation (Fems et al., Sci 
ence, 253:1129-1132, 1991). The potential importance of 
endothelium-derived nitric oxide in the control of arterial 
remodeling after injury is further supported by recent pre 
liminary reports in humans suggesting that systemic NO 
donors reduce angiographic-restenosis six months after bal 
loon angioplasty (The ACCORD Study Investigators, J. Am. 
Coll. Cardiol. 23:59A. (Abstr.), 1994). 

[0005] Biologic thiols react readily With NO (probably as 
N203 or NO) under physiologic conditions to form stable, 
biologically active S-nitrosothiol species (Stamler et al., 
Proc. Natl. Acad. Sci. USA, 89:444-448, 1992). S-nitro 
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sothiols exhibit EDRF-like activity in vitro and in vivo, 
including vasodilation (Myers et al., Nature (Lond.), 
345 :161-163, 1990) and platelet inhibition via a cyclic 3‘,5 
‘-guanosine monophosphate (cGMP)-dependent mechanism 
(LoscalZo, J. Clin. Invest., 76:703-708, 1985); (Keaney et 
al., J. Clin. Invest., 91:1582-1589, 1993). 

[0006] Over the past tWo decades, much research effort 
has been directed toWards the development of medical 
devices and machines that are used in a Wide variety of 
clinical settings to maintain the vital physiological functions 
of a patient. For example, such devices as catheters, pros 
thetic heart valves, arteriovenous shunts and stents are used 
extensively in the treatment of cardiac and other diseases. 

[0007] HoWever, platelet deposition on arti?cial surfaces 
severely limits the clinical usefulness of such devices. 
Forbes et al., Brit. Med. Bull. 34(2):201-207, 1978; Shep 
peck et al., Blood, 78(3):673-680, 1991. For example, 
exposure of blood to arti?cial surfaces frequently leads to 
serious thromboembolic complications in patients With arti 
?cial heart valves, synthetic grafts and other prosthetic 
devices, and in patients undergoing external circulation, 
including cardiopulmonary bypass and hemodialysis. SalZ 
man, Phil. Trans. R. Soc. Lond., B294:389-398, 1981. 

[0008] The normal endothelium Which lines blood vessels 
is uniquely and completely compatible With blood. Endot 
helial cells initiate metabolic processes, like the secretion of 
prostacyclin and endothelium-derived relaxing factor 
(EDRF), Which actively discourage platelet deposition and 
thrombus formation in vessel Walls. No material has been 
developed that matches the blood-compatible surface of the 
endothelium. In fact, in the presence of blood and plasma 
proteins; arti?cial surfaces are an ideal setting for platelet 
deposition (SalZman et al., supra, 1981). Exposure of blood 
to an arti?cial surface initiates reactions that lead to clotting 
or platelet adhesion and aggregation. Within seconds of 
blood contact, the arti?cial surface becomes coated With a 
layer of plasma proteins Which serves as a neW surface to 
Which platelets readily adhere, become activated, and 
greatly accelerate thrombus formation (Forbes et al., supra, 
1978). 
[0009] This creates problems in the use of arti?cial mate 
rials at the microvascular level, Where the ratio of vessel 
surface area to blood volume is high (Sheppeck et al., supra). 
For example, thromboembolism is still the most serious 
complication folloWing prosthetic heart valve implantation, 
despite changes in design and materials used. In fact, the 
incidence of detectable thromboembolism can be as high as 
50%, depending on the valve design and construction 
(Forbes et al.). Further, cardiopulmonary support systems 
used during cardiac surgery are responsible for many of the 
undesirable hemostatic consequences of such surgery (Bick, 
Semin. Thromb. Hemost. 3:59-82, 1976). Thrombosis is also 
a signi?cant problem in the use of prosthetic blood vessels, 
arteriovenous shunts, and intravenous or intraarterial cath 
eters. 

[0010] Conventional methods for preventing thrombus 
formation on arti?cial surfaces have a limited effect on the 
interaction betWeen blood and arti?cial surfaces. For 
example, in cardiopulmonary bypass and hemodialysis hep 
arin has little effect, and the only platelet reactions inhibited 
by anticoagulants are those induced by thrombin. In fact, it 
seems that heparin actually enhances the aggregation of 
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platelets (SalZman et al., J. Clin. Invest., 65:64, 1980). To 
further complicate matters, heparin When given systemi 
cally, can accelerate hemorrhage, already a frequent com 
plication of cardiac surgery. 

[0011] Attempts to inhibit platelet deposit on arti?cial 
surfaces involve systemic administration of aspirin, dipy 
ridamole, and sul?npyraZone. While these have some effect 
in preventing thromboembolism When given With oral anti 
coagulants, serious adverse effects can result. Blood loss is 
signi?cantly increased in bypass or hemodialysis patients 
folloWing administration of aspirin (Torosian et al., Ann. 
Intern. Med. 89:325-328, 1978). In addition, the effect of 
aspirin and similarly acting drugs is not promptly reversible, 
Which is essential during cardiopulmonary bypass. Finally, 
agents such as aspirin, Which depress platelet function by 
inhibiting cyclo-oxygenase, may block platelet aggregation, 
but they do not prevent the adhesion of platelets to arti?cial 
surfaces (SalZman et al., supra, 1981). 

[0012] Despite considerable efforts to develop non-throm 
bogenic materials, no synthetic material has been created 
that is free from this effect. In addition, the use of antico 
agulant and platelet-inhibiting agents has been less than 
satisfactory in preventing adverse consequences resulting 
from the interaction betWeen blood and arti?cial surfaces. 
Consequently, a signi?cant need exists for the development 
of additional methods for preventing platelet deposition and 
thrombus formation on arti?cial surfaces. 

[0013] In the same manner as arti?cial surfaces, damaged 
arterial surfaces Within the vascular system are also highly 
susceptible to thrombus formation. The normal, undamaged 
endothelium prevents thrombus formation by secreting a 
number of protective substances, such as endothelium 
derived relaxing factor (EDRF), Which prevents blood clot 
ting primarily by inhibiting the activity of platelets. Disease 
states such as atherosclerosis and hyperhomocysteinemia 
cause damage to the endothelial lining, resulting in vascular 
obstruction and a reduction in the substances necessary to 
inhibit blood clotting. Thus, abnormal platelet deposition 
resulting in thrombosis is much more likely to occur in 
vessels in Which endothelial damage has occurred. While 
systemic agents have been used to prevent coagulation and 
inhibit platelet function, a need exists for a means by Which 
a damaged vessel can be treated directly to prevent thrombus 
formation. 

[0014] Balloon arterial injury results in endothelial denu 
dation and subsequent regroWth of dysfunctional endothe 
lium (Saville, Analyst, 83:670-672, 1958) that may contrib 
ute to the local smooth muscle cell proliferation and 
extracellular matrix production that result in reocclusion of 
the arterial lumen. 

[0015] Reported Work on platelet aggregation has demon 
strated the effect of nitric oxide adducts on the inhibition of 
platelet-to-platelet aggregation as a speci?c stage in clot 
formation that relates to their common interaction With each 
other. 

SUMMARY OF THE INVENTION 

[0016] ToWard arriving at the present invention, the inven 
tors hypothesiZed that local delivery of an EDRF-like spe 
cies to restore or replace the de?ciency in EDRF noted With 
dysfunctional endothelium Will modulate the effects of vas 
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cular injury and reduce intimal proliferation folloWing 
injury. The observations that form the basis of this invention 
relate to the active deposition of platelets on non-platelet 
tissue beds rather than platelet-to-platelet aggregation. 

[0017] In accordance With an aspect of the present inven 
tion, there is provided a process and product for preventing 
adverse effects associated With the use of a medical device 
in a patient Wherein at least a portion of the device includes 
a nitric oxide adduct. Such adverse effects include but are 
not limited to platelet adhesion and/or thrombus formation 
When the medical device is used in a blood vessel. As knoWn 
in the art, platelet adhesion and subsequent platelet activa 
tion may result in the blockage of blood vessels particularly 
after procedures involving use of a medical device for 
removing blockages such as those often referred to as the 
phenomenon of restenosis. The medical device can be used 
elseWhere, such as for example, in patients having cancer of 
the gastrointestinal tract in the Sphincter of Oddi Where 
indWelling stents (e.g., a PalmaZ-SchatZ stent, J&J, NeW 
BrunsWick, N] are placed to maintain patency of the 
lumen. They are also used in patients having cancer of the 
esophagus to support the airWay opening. 

[0018] The medical device or instrument of the invention 
can be, for example, a catheter, prosthetic heart valve, 
synthetic vessel graft, stent (e.g., PalmaZ-SchatZ stent), 
arteriovenous shunt, arti?cial heart, intubation tubes, air 
Ways and the like. 

[0019] As noted above, in this aspect the device is pro 
vided a nitric oxide adduct. Thus, for example, all or a 
portion of the medical device may be coated With a nitric 
oxide adduct, either as the coating per se or in a coating 
matrix; (ii) all or a portion of the medical device may be 
produced from a material Which includes a nitric oxide 
adduct, for example, a polymer Which has admixed there 
With a nitric oxide adduct or Which includes as pendent 
groups or grafts one or more of such nitric oxide adducts; or 
(iii) all or a portion of the tissue-contracting surfaces of the 
medical device may be derivatiZed With the nitric oxide 
adduct. 

[0020] In the ?rst embodiment of the above aspect, coat 
ings can be of synthetic or natural matrices, e.g. ?brin or 
acetate-based polymers, mixtures of polymers or copoly 
mers, respectively. Preferably they are bioresorbable or 
biodegradable matrices. Such matrices can also provide for 
metered or sustained release of the nitric oxide adduct. The 
device surfaces can be substituted With or the coating 
mixture can further include other medicaments, such as 
anticoagulants and the like. 

[0021] In the next embodiment of this aspect, nitric oxide 
adducts are incorporated into the body of a device Which is 
formed of a biodegradable or bioresorbable material. Thus, 
intact nitric oxide adduct is released over a sustained period 
of the resorption or degradation of the body of the device. 

[0022] In the embodiment relating to the derivatiZation of 
an arti?cial surface, such as of a medical device or instru 
ment With a nitric oxide adduct, the arti?cial surfaces may 
be composed of organic materials or a composite of organic 
and inorganic materials. Examples of such materials include 
but are not limited to synthetic polymers or copolymers 
containing nitric oxide adducts, gold or coated metal sur 
faces upon Which a functionaliZed monolayer containing the 
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nitric oxide adduct is adsorbed, or synthetic polymeric 
materials or proteins Which are blended With nitric oxide 
adducts. 

[0023] Another principal aspect of the invention relates to 
a medical device comprising an instrument suitable for 
introduction into a patient of Which at least a portion 
comprises a nitric oxide adduct. As With respect to the above 
method, all or a portion of the medical device may be 
coated With a nitric oxide adduct, either as the coating per se 
or in a coating matrix (ii) all or a portion of the medical 
device may be produced from a material Which includes a 
nitric oxide adduct, for example, a polymer Which has 
admixed thereWith a nitric oxide adduct or Which includes as 
pendent groups or grafts one or more of such nitric oxide 
adducts; or (iii) all or a portion of the tissue-contacting 
surfaces of the medical device may be derivatiZed With the 
nitric oxide adduct. 

[0024] Again, the medical device or instrument of the 
invention can be, for example, a catheter, prosthetic heart 
valve, synthetic vessel graft, stent, arteriovenous shunt, 
arti?cial heart, intubation tube and airWays and the like. 

[0025] Another principal aspect of the invention relates to 
a method for treating a damaged blood vessel surface or 
other injured tissue by locally administering a nitric oxide 
adduct to the site of the damaged blood vessel. Such damage 
may result from the use of a medical device in an invasive 
procedure. Thus, for example, in treating vasculature 
blocked, for example by angioplasty, damage can result to 
the blood vessel. Such damage may be treated by use of a 
nitric oxide adduct. In addition to repair of the damaged 
tissue, such treatment can also be used to prevent and/or 
alleviate and/or delay reocclusions, for example, restenosis. 
Preferably, all or most of the damaged area is coated With the 
nitric oxide adduct per se or in a pharmaceutically accept 
able carrier or excipient Which serves as a coating matrix. 
This coating matrix can be of a liquid, gel or semisolid 
consistency. The nitric oxide adduct can be applied in 
combination With other therapeutic agents, such as anti 
thrombogenic agents. The carrier or matrix can be made of 
or include agents Which provide for metered or sustained 
release of the therapeutic agents. Nitric oxide adducts Which 
are preferred for use in this aspect are mono-or poly 
nitrosylated proteins, particularly polynitrosated albumin or 
polymers or aggregates thereof. The albumin is preferably 
human or bovine, including humaniZed bovine serum albu 
mm. 

[0026] The localiZed, time-related, presence of nitric 
oxide adducts administered in a physiologically effective 
form is efficacious in diminishing, deterring or preventing 
vascular damage after or as a result of instrumental inter 
vention, such as angioplasty, catheteriZation or the introduc 
tion of a stent (e.g., PalmaZ-SchatZ stent) or other indWelling 
medical device. 

[0027] Local administration of a stable nitric oxide adduct 
inhibits neointimal proliferation and platelet deposition fol 
loWing vascular arterial balloon injury. This strategy for the 
local delivery of a long-lived NO adduct is useful for the 
treatment of vascular injury folloWing angioplasty. 

[0028] Typical nitric oxide adducts include nitroglycerin, 
sodium nitroprusside, S-nitroso-proteins, S-nitrosothiols, 
long carbon-chain lipophilic S-nitrosothiols, S-nitroso-dithi 
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ols, iron-nitrosyl compounds, thionitrates, thionitrites, syd 
nonimines, furoxans, organic nitrates, and nitrosated amino 
acids. 

[0029] Particularly preferred is the localiZed use of 
nitroso-proteins, particularly those Which do not elicit any 
signi?cant immune response. An example of such a nitroso 
protein Which does not elicit any signi?cant immune 
response is a mono- or poly-nitrosated albumin. Such 
nitrosylated albumins, particularly the polynitrosylated 
albumins, can be present as polymeric chains or three 
dimensional aggregates Where the polynitrosylated albumin 
is the monomeric unit. The albumin of one monomeric unit 
can be a functional subunit of full-length native albumin or 
can be an albumin to Which has been attached an additional 
moiety, such as a polypeptide, Which can aid, for example, 
in localiZation. The aggregates are multiple inter adherent 
monomeric units Which can optionally be linked by disul?de 
bridges. Additionally devices Which have been substituted or 
coated With nitroso-protein have the unique property that 
they can be dried and stored. 

[0030] An additional particularly unique aspect of the 
invention is that this contemplates “recharging” the coating 
that is applied to a device, such as a catheter or other tubing 
as considered above, by infusing a nitric oxide donor to a 
previously coated surface. For example, an S-nitroso-protein 
such as S-nitroso albumin Will lose its potency in vivo as the 
NO group is metaboliZed, leaving underivatiZed albumin. 
HoWever, it has been recogniZed by the inventors that the 
surface coating can be “recharged” by infusing an NO donor 
such as nitroprusside. This principal is demonstrated by the 
experiments reported in Example 2 in Which nitroprusside is 
mixed With albumin engendering subsequent protection 
against platelet deposition. 
[0031] Another aspect of the invention is related to the 
derivatiZation of an arti?cial surface With a nitric oxide 
adduct for preventing the deposit of platelets and for pre 
venting thrombus formation on the arti?cial surface. The 
arti?cial surfaces may be composed of organic materials or 
a composite of organic and inorganic materials. Examples of 
such materials include but are not limited to synthetic 
polymers or copolymers containing nitric oxide adducts, 
gold or gold coated metal surfaces upon Which a function 
aliZed monolayer containing the nitric oxide add is 
adsorbed, or synthetic polymeric materials or proteins Which 
are blended With nitric oxide adducts. 

[0032] The invention also relates to a method and product 
for administering a nitric oxide adduct in combination With 
one or more anti-thrombogenic agents. Such agents include 
heparin, Warfarin, hirudin and its analogs, aspirin, 
indomethacin, dipyridamole, prostacyclin, prostaglandin E1, 
sul?npyraZone, phenothiaZines (such as chlorpromaZine or 
tri?uperaZine) RGD (arginine-glycine-aspartic acid) peptide 
or RGD peptide mimetics, (See Nicholson et al., Thromb. 
Res., 62:567-578, 1991), agents that block platelet glyco 
protein IIb-IIIa receptors (such as C-7E3), ticlopidine or the 
thienopyridine knoWn as clopidogrel. 

[0033] Other therapeutic agents can also be included in the 
coating or linked to reactive sites in or on the body of the 
device. Examples of these include monoclonal antibodies 
directed toWards certain epitopes/ligands such as platelet 
glycoprotein IIb/IIIa receptor or cell adhesion molecules 
such as the CD-18 complex of the integrins or PECAM-l; 
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fragments of recombinant human proteins eg, albumin; 
pegylated proteins; anti-sense molecules; viral vectors 
designed as vehicles to deliver certain genes or nucleoside 
targeting drugs. 

BRIEF DESCRIPTION OF THE FIGURES 

[0034] The invention Will noW be further described by 
reference to a brief description of each of the Figures, but in 
no Way are a limitation of the scope of the invention. 

[0035] FIG. 1A is a synthetic scheme for the preparation 
of a nitrosothiol incorporated on to the .epsilon.-amino 
group of a copolymer comprised of poly-L-lactic acid-co 
lysine. 
[0036] FIG. 1B is a synthetic scheme for the preparation 
of a nitrosothiol incorporated on to the c-amino group of a 
copolymer comprised of poly-L-lactic acid-co-L-lysine. 

[0037] FIG. 2 is a synthetic scheme for the preparation of 
a nitrosothiol incorporated onto an amino derivatiZed self 
assembled monolayer (SAMS) adsorbed to a gold surface. 

[0038] FIG. 3 is a plot demonstrating ([125I]-labeled S-ni 
troso-albumin ([125I]-S-NO-BSA) binding to injured rabbit 
femoral artery as a function of the method of delivery. 
Rabbit femoral arteries Were isolated and balloon-injured as 
described in Example 1 and [125I]-S-NO-BSA applied either 
directly into the injured artery (local) or injected intraarte 
rially via the opposite femoral artery (systemic). [125I]-S 
NO-BSAbinding Was determined by quanti?cation of radio 
activity after ?oW Was reestablished for a period of 15 
minutes. Non-speci?c [125I]-S-NO-BSAbinding (sham) Was 
determined from uninjured carotid artery harvested simul 
taneously With femoral arteries. Data are presented as 
mean+/—SEM per gram of Wet tissue Weight, and are derived 
from four animals. *P<0.0.029, local vs. systemic delivery 
and +/+P<0.05, systemic injured vs. sham. 

[0039] FIG. 4 is a plot demonstrating the effect of poly 
thiolated S-nitroso-albumin (pS-NO-BSA) and polythi 
olated albumin (pS-BSA) on [111In]-labeled platelet binding 
to injured rabbit femoral arteries. Femoral arteries Were 
isolated and balloon injured as described in Example 1. 
During paired local administration of polythiolated S-ni 
troso-albumin and polythiolated albumin, [111In]-labeled 
platelets Were administered intravenously and alloWed to 
circulate after How Was reestablished in the treated arteries. 
([111In]-labeled platelet binding Was determined by quanti 
?cation of radioactivity after How Was re-established for a 
period of 15 minutes. Non-speci?c [111In]-labeled platelet 
binding (Uninjured Carotid Artery) Was determined from 
uninjured carotid artery harvested With femoral arteries. 
Data are presented as mean+/—SEM per gram of Wet tissue 
Weight and are derived from six animals. *P<0.05, PS-BSA 
vs. pS-NO-BSA. 

[0040] FIGS. 5A-5B are plots demonstrating the effect of 
polythiolated S-nitroso-albumin (pS-NO-BSA) and polythi 
olated albumin (pS-BSA) on neointimal proliferation 14 
days after balloon injury of rabbit femoral artery. Femoral 
arteries Were isolated and balloon injured as described 
beloW. pS-BSA or pS-NO-BSA Were applied in a paired 
fashion directly into the arterial lumen for 15 minutes and 
then blood How Was re-established. After 14 days, arteries 
Were harvested, perfusion-?xed, stained, and subjected to 
morphometric analysis of intimal and medial areas. Neoin 
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timal proliferation is reported as the absolute neointimal area 
in FIG. 5A and as a ratio of neointimal/media in FIG. 5B in 
4-6 segments from each artery. Data are expressed as 
mean+/—SEM and are derived from 15 vessels in the BSA 
and S-NO-BSA groups, 11 vessels in the PS-BSA group, 7 
vessels in the PS-NO-BSA and SHAM groups, and 5 in the 
SNP group. *P<0.05, pS-NO-BSA vs. PS-BSA. +/+P<0.05 
Sodium nitroprusside vs. pS-BSA for both FIGS. 5A and 
5B. 

[0041] FIGS. 6A-6B are plots demonstrating the relation 
ship betWeen neointimal proliferation and the quantity of 
displaceable No in preparations of S-nitrosylated albumin. 
Femoral arteries Were isolated and balloon injured as 
described With reference to FIG. 5. Vessels Were exposed to 
different preparations of S-nitrosylated albumin With differ 
ent displaceable NO contents. After 14 days vessels Were 
harvested and analyZed as described in FIG. 5. Data are 
expressed as mean+/—SEM and are derived from 7-15 
animals in each group. P<0.001 for trend. 

[0042] FIG. 7 is a plot demonstrating the effect of poly 
thiolated S-nitroso-albumin (pS-NO-BSA)- and polythi 
olated albumin (pS-BSA)-treated vessels on platelet cyclic 
5‘-3‘ guanosine monophosphate (cGMP). Rabbit femoral 
arteries Were isolated and balloon-injured as described With 
reference to FIG. 4. After paired local administration of 
polythiolated S-nitroso-albumin and polythiolated albumin 
for 15 minutes, the vessels Were harvested and divided into 
2 mm rings. The rings Were then immersed in 100 pl of 
platelet-rich plasma containing 10 pM 3-isobutyl-1-meth 
ylxanthine and Were incubated for 1 minute ex-vivo. An 
equal volume of ice-cold 10% trichloroacetic acid Was 
added to each aliquot and the sample vortexed. Platelet 
cGMP assay Was then performed as described in “Methods.” 
Data are expressed as mean+/—SEM. *P<0.05. 

[0043] FIG. 8 is a flow chart illustrating the protocol of 
Example 4 Which measured the effect on balloon-induced 
injury of pS-NO-BSA or pS-BSA in porcine coronary artery. 

[0044] FIG. 9 is a histogram Which illustrates the diameter 
(mm) of the neointimal lumen of 14 normocholesterolemic 
pigs Were subjected to a balloon angioplasty Which induced 
injury of the right coronary artery. Thereafter, they received 
1.5 pM pS-NO-BSA or pS-BSA as a control. 

[0045] FIG. 10 is a histogram Which illustrates a degree of 
coronary stenosis observed at four Weeks after angioplasty 
in pigs Which received 1.5 pM pS-NO-BSA or pS-BSA as a 
control. 

[0046] FIG. 11 is a histogram Which illustrates the extent 
of coronary spasm induced distal the site of injury as 
compared to the pre-existing base line in pigs Which 
received 1.5 pM pS-NO-BSA or pS-BSA as a control. 

[0047] FIG. 12 is a histogram Which illustrates the inner 
diameter of-the lumen of the right coronary artery of pigs 
four Weeks after they received 1.5 pM pS-NO-BSA or 
pS-BSA as a control. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0048] The invention Will noW be described in more detail 
With respect to numerous embodiments and examples in 
support thereof. 
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[0049] The term “arti?cial surface” refers to any synthetic 
material contained in a device or apparatus that is in contact 
With blood, blood products or components, vasculature, or 
other tissue. 

[0050] The term “platelet adhesion” refers to the contact 
of a platelet With a foreign surface, e.g. collagen, arti?cial 
surface or device. 

[0051] The term “platelet aggregation” refers to the adhe 
sion of one or more platelets to each other. Platelet aggre 
gation is commonly referred to in the context of generaliZed 
atherosclerosis, not With respect to platelet adhesion on 
vasculature damaged as a result of physical insult during a 
medical procedure. 

[0052] The term “restenosis” refers to the recurrent nar 
roWing of a blood vessel, usually several months after an 
injurious insult and as a result of neointimal proliferation. 

[0053] The term “passivation” refers to the coating of a 
surface Which thereby renders the surface non-reactive. 

[0054] The term “reendothelialiZation” refers to the pro 
liferation, migration and spreading of endothelial cells over 
a surface area Which is denuded of endothelial cells, e. g., the 
surface of a damaged blood vessel. 

[0055] The term “platelet activation” refers either to the 
change in conformation (shape) of a cell, expression of cell 
surface proteins (e.g., the IIb/IIIa receptor complex, loss of 
GPIb surface protein), secretion of platelet derived factors 
(e.g., serotonin, groWth factors). 
[0056] The term “loWer alkyl” as used herein refers to a 
branched or straight chain alkyl groups comprising one to 
ten carbon atoms, including methyl, ethyl, propyl, isopropyl, 
n-butyl, t-butyl, neopentyl and the like. 

[0057] The term “alkoxy” as used herein refers to R2OO—, 
Wherein R20 is loWer alkyl as de?ned above. Representative 
examples of alkoxy groups include methoxy, ethoxy, t-bu 
toxy and the like. 

[0058] The term “alkoxyalkyl” as used herein refers to an 
alkoxy group as previously de?ned appended to an alkyl 
group as previously de?ned. Examples of alkoxyalkyl 
include, but are not limited to, methoxymethyl, methoxy 
ethy, isopropoxymethyl and the like. 

[0059] The term “amino” as used herein refers to —NH2. 

[0060] The term “dialkylamino” as used herein refers to 
R22R23N— Wherein R22 and R23 are independently selected 
from loWer alkyl, for example dimethylamino, diethy 
lamino, methyl propylamino and the like. 

[0061] The term “nitro” as used herein refers to the group 

—NO2. 
[0062] The term “nitroso” as used herein refers to the 
group —NO. 

[0063] The term “hydroxyl” or “hydroxy” as used herein 
refers to the group —OH. 

[0064] The term “cyano” as used herein refers to the group 
—CN. 

[0065] The term “carbomoyl” as used herein refers to 

H2N—C(O)O—. 
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[0066] The term N,N-dialkylcarbomoyl as used herein 
refers to R22R23N—C(O)O— Wherein R22 and R23 are 
independently selected from loWer alkyl, for example dim 
ethylamino, diethylamino, methyl propylamino, and the 
like. 

[0067] The term N-alkylcarbamoyl as used herein refers to 
R22HN—C(O)O— Wherein R22 is selected from loWer 
alkyl, for example methylamino, ethylamino, propylamino, 
and the like. 

[0068] The term “aryl” as used herein refers to a mono- or 
bicyclic carbocyclic ring system having one or tWo aromatic 
rings including, but not limited to, phenyl, naphthyl, tet 
rahydronaphthyl, indanyl, indenyl, and the like. Aryl groups 
(including bicyclic aryl groups) can be unsubstituted or 
substituted With one, tWo or three substituents independently 
selected from loWer alkyl, haloalkyl, alkoxy, amino, alky 
lamino, dialkylamino, hydroxy, halo, and nitro. In addition, 
substituted aryl groups include tetra?uorophenyl and pen 
ta?uorophenyl. 
[0069] The term “arylthio” as used herein refers to R24S— 
Wherein R24 is selected from aryl. 

[0070] The term “alkanoyl” as used herein refers to 
R22C(O)— Wherein R22 is selected from loWer alkyl. 

[0071] The term “carboxyl” as used herein refers to 
—COOH. 

[0072] The term “guanidino” as used herein refers to 
H2N—C(=NH)NH—. 
[0073] The term “arylalkyl” as used herein refers to a 
loWer alkyl radical to Which is appended an aryl group. 
Representative arylalkyl groups include benZyl, phenyl, 
hydroxybenZyl, ?uorobenZyl, ?uorophenylethyl and the 
like. 

[0074] The term “cycloalkyl” as used herein refers to an 
alicyclic group comprising from 3 to 7 carbon atoms includ 
ing, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl and the like. 

[0075] The term “halogen” or “halo” as used herein refers 
to I, Br, C1, or F. The term “haloalkyl” as used herein refers 
to a loWer alkyl radical, as de?ned above, bearing at least 
one halogen substituent, for example, chloromethyl, ?uoro 
ethyl or tri?uoromethyl and the like. 

[0076] The term “heteroaryl” as used herein refers to a 
mono-bicyclic ring system containing one or tWo aromatic 
rings and containing at least one nitrogen, oxygen, or sulfur 
in an aromatic ring. Heteroaryl groups (including bicyclic 
heteroaryl groups) can be unsubstituted or substituted With 
one, tWo, or three substituents independently selected from 
loWer alkyl, haloalkyl, alkoxy, amino, alkylamino, dialky 
lamino, hydroxy, halo and nitro. Examples of heteroaryl 
groups include not limited to pyridine, pyraZine, pyrimidine, 
pyridaZine, pyraZole, triaZole, thiaZole, isothiaZole, ben 
ZothiaZole, benZoxaZole, thiadiaZole, oxaZole, pyrrole, imi 
daZole, and isoxaZole. 

[0077] The term “heterocyclic ring” refers to any 3-, 4-, 5-, 
6-, or 7-membered nonaromatic ring containing at least one 
nitrogen atom Which is bonded to an atom Which is not part 
of the heterocyclic ring. In addition, the heterocyclic ring 
may also contain a one additional hetero atom Which may be 
nitrogen, oxygen, or sulfur. 
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[0078] Compounds of the invention Which have one or 
more asymmetric carbon atoms may exist as the optically 
pure enantiomers, pure diastereomers, mixtures of enanti 
omers, mixtures of diastereomers, racemic mixtures of enan 
tiomers, diastereomeric racemates or mixtures of diastereo 
meric racemates. It is to be understood that the present 
invention anticipates and includes Within its scope. 

[0079] As mentioned above, the medical device or instru 
ment may be made, such that at least in those portions of it 
Which come into contact With blood, blood components or 
products, or vascular tissue, include a nitric oxide adduct. 
The nitric oxide adduct can directly or indirectly be linked 
to a synthetic material from Which all or a portion of the 
device is formed. As representative examples, there may be 
mentioned: nylon, polyethylene perthalate (Dacron), poly 
tetra?uoroethylene (Gortex). 
[0080] In another embodiment mentioned above, the nitric 
oxide adduct can be incorporated into a natural or synthetic 
matrix Which is then used to coat those same contact 
surfaces of the device. The matrix can be a liquid into Which 
the nitric oxide adduct has been mixed, Which is then coated 
onto the contact surfaces of the medical device or instrument 
and then alloWed to “set”, dry, polymeriZe or otherWise 
become solid or semisolid. Examples of such matrix mate 
rials include gel-forming materials such as are commonly 
used including hydrogels and starch-based semi-solid emul 
sions and dispersions. 

[0081] The materials can also be polymers or mixtures of 
polymers such as polylactic acid/polylysine copolymer. 
Alternatively, the matrix can be a natural or synthetic ?brous 
matrix Which is impregnated With a liquid containing the 
nitric oxide adducts either before or after being applied to 
the arti?cial contact surface. Examples of such natural 
?brous matrix materials primarily include ?lter paper. 
Examples of such synthetic ?brous matrix materials include 
three-dimensional lattices of synthetic polymers and copoly 
mers. 

[0082] The matrix can also be a material such as nylon or 
plastic, such as polystyrene, that is directly or indirectly, i.e., 
through a linking group, derivatiZed With the nitric oxide 
adduct. 

[0083] As mentioned above the nitric oxide adduct is 
speci?cally intended to be delivered locally at the site of 
contact of the device or instrument With the blood, blood 
product or component, or vasculature, but need not be 
physically associated With the device or instrument. For 
example, the nitric oxide adduct can be separately admin 
istered in a physiologically available form as a pharmaceu 
tical preparation in a pharmaceutically acceptable carrier, 
such as are described in more detail beloW. This can be done 
by administration during or shortly before the contact or 
intervention. Where the device is, for example, a catheter, 
such as a cardiac catheter, the nitric oxide adduct preparation 
can be administered by injection into the lumen of the 
catheter. 

[0084] Compounds contemplated for use in the invention 
are nitric oxide and compounds that release nitric oxide or 
otherWise directly or indirectly deliver or transfer nitric 
oxide to a site of its activity, such as on a cell membrane, in 
vivo. As used here, the term “nitric oxide” encompasses 
uncharged nitric oxide (NO') and charged nitric oxide 
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species, particularly including nitrosonium ion (NO+) and 
nitroxyl ion (NO—). The reactive form of nitric oxide can be 
provided by gaseous nitric oxide. The nitric oxide releasing 
delivering or transferring compounds, having the structure 
X—NO Wherein X is a nitric oxide releasing, delivering or 
transferring moiety, include any and all such compounds 
Which provide nitric oxide to its intended site of action in a 
form active for their intended purpose. As used here, the 
term “nitric oxide adducts” encompasses any of such nitric 
oxide releasing, delivering or transferring compounds, 
including, for example, S-nitrosothiols, S-nitroso amino 
acids, S-nitroso-polypeptides, and nitrosoamines. It is con 
templated that any or all of these “nitric oxide adducts” can 
be mono- or poly-nitrosylated at a variety of naturally 
susceptible or arti?cially provided binding sites for nitric 
oxide. 

[0085] One group of such nitric oxide adducts is the 
S-nitrosothiols, Which are compounds that include at least 
one —S-NO group. Such compounds include S-nitroso 
polypeptides (the term “polypeptide” includes proteins and 
also polyamino acids that do not possess an ascertained 
biological function, and derivatives thereof); S-nitrosylated 
amino acids (including natural and synthetic amino acids 
and their stereoisomers and racemic mixtures and deriva 
tives thereof); S-nitrosated sugars, S-nitrosated-modi?ed 
and unmodi?ed oligonucleotides (preferably of at least 5, 
and more particularly 5-200, nucleotides); and an S-nitro 
sated hydrocarbon Where the hydrocarbon can be a branched 
or unbranched, and saturated or unsaturated aliphatic hydro 
carbon, or an aromatic hydrocarbon; S-nitroso hydrocarbons 
having one or more substituent groups in addition to the 
S-nitroso group; and heterocyclic compounds. S-nitrosothi 
ols and the methods for preparing them are described in US. 
patent application Ser. No. 07/943,834, ?led Sep. 14, 1992, 
Oae et al., Org. Prep. Proc. Int., 15(3):165-198, 1983; 
LoscalZo et al., J. Pharmacol. Exp. Ther., 249(3):726729, 
1989, and KoWaluk et al., J. Pharmacol. E. Ther., 256:1256 
1264, 1990, all of Which are incorporated in their entirety by 
reference. 

[0086] One particularly preferred embodiment of this 
aspect relates to S-nitroso amino acids Where the nitroso 
group is linked to a sulfur group of a sulfur-containing 
amino acid or derivative thereof. For example, such com 
pounds include the folloWing: S-nitroso-N-acetylcysteine, 
S-nitroso-captopril, S-nitroso-homocysteine, S-nitroso-cys 
teine and S-nitroso-glutathione. 

[0087] Suitable S-nitrosylated proteins include thiol-con 
taining proteins (Where the NO group is attached to one or 
more sulfur group on an amino acid or amino acid derivative 

thereof) from various functional classes including enZymes, 
such as tissue-type plasminogen activator (TPA) and cathe 
psin B; transport proteins, such as lipoproteins, heme pro 
teins such as hemoglobin and serum albumin; and biologi 
cally protective proteins, such as the immunoglobulins and 
the cytokines. Such nitrosylated proteins are described in 
PCT Publ. Applic. No. WO 93/09806, published May 27, 
1993. Examples include polynitrosylated albumin Where 
multiple thiol or other nucleophilic centers in the protein are 
modi?ed. 

[0088] Further examples of suitable S-nitrosothiols 
include those having the structures: CH3(CH2)nSNO, 
Wherein x equals 2 to 20; (ii) HS(CH2)nSNO, Wherein x 
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equals 2 to 20; and (iii) ONS(CH2)XY, wherein X equals 2 to 
20 and Y is selected from the group consisting of halo, 
alkoXy, cyano, carboXarnido, cycloalkyl, arylalkoXy, loWer 
alkylsul?nyl, arylthio, alkylarnino, dialkylarnino, hydroXy, 
carbarnoyl, N-alkylcarbarnoyl, N,N-dialkylcarbarnoyl, 
arnino, hydroXyl, carboXyl, hydrogen, nitro and aryl. 

[0089] Other suitable S-nitrosothiols that are S-nitroso 
angiotensin converting enzyme inhibitors (hereinafter 
referred to as S-nitroso-ACE inhibitors) are described in 

LoscalZo, US. Pat. No. 5,002,964 (1991) and LoscalZo et 
al., US. Pat. No. 5,025,001 (1991) both of Which are 
incorporated in their entirety by reference. Examples of such 
S-nitroso-ACE inhibitors include compounds having struc 
ture (1): 

R2 

R R1 0 CH2—(CH)H, o 

[0090] Wherein 

[0091] R is hydroXy, NH2, NHR4, NR4R5, or loWer 
alkoXy, Wherein R4 and R5 are loWer alkyl, or aryl, or 
arylalkyl; 

[0092] R1 is hydrogen, loWer alkyl, arylalkyl, arnino, 
guanidino, NHR6, NHR6R7, Wherein R6 and R7 are methyl 
or alkanoyl; 

[0093] R2 is hydrogen, hydroXy, C1-C4 alkoXy, phenoXy, 
or loWer alkyl; 

[0094] R3 is hydrogen, loWer alkyl or arylalkyl; 

[0095] 

[0096] n is 0 to 2. 

In is 1 to 3; and 

[0097] Other suitable S-nitroso-ACE inhibitors include 
N-acetyl-S-nitroso—D-cysteinyl-L-proline, N-acetyl-S-ni 
troso—D,L-cysteinyl-L-proline, 1-[4-arnino-2-(S-nitroso) 
rnercaptornethyl butanoyl]-L-proline, 1-[2-heXanoyl]-L 
proline, 1-[5-guanidino-2-(S-nitroso)rnercaptornethyl-pen 
tanoyl]-L-proline, 1-[5-arnino-2-(S-nitroso) rnercaptorn 
ethyl-pentanoyl]-4-hydroXy-L-proline, 1-[5-guanidino-2 
(S-nitroso)rnercaptornethyl-pentanoyl]-4-hydroXy-L 
proline, 1-[2-arninornethyl-3(S-nitroso)-rnercaptornethyl 
pentanoyl-L-proline, and S-nitroso—L-cysteinyl-L-proline. 

[0098] Additional suitable S-nitroso-ACE inhibitors 
include those having structures (2-3): 

SNO N 

k 
S 
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-continued 
3 

R4 Z R1 \ / 

T 1 
X \A2 

R2 

A — N COOR 
(L) 

[0099] Wherein 

[0100] X is oxygen or sulfur; 

[0101] -A1, -A2- is CH—NH or —C=N—; 

[0102] A is ON—S(R3)—CH2—CH—C(=O); 

[0103] R is selected from hydrogen, loWer alkyl, 
arylalkyl, and salt forrning ion; 

[0104] R4 and R5 are independently selected from 
hydrogen, alkyl, loWer alkoXy, halo substituted loWer 
alkyl, nitro, and SOZNHZ; 

[0105] Z is —C(=O)— or —S(O2)— 

[0106] R6 is hydogen, loWer alkyl, halo substituted 
loWer alkyl, hydroXy substituted loWer alkyl, 
—(CH.2)q—N (loWer alkyl)2 or —(CH2)q—NH2 and 
q is one, tWo, three or four; and 

[0107] Wherein R7 is hydrogen, loWer alkyl, 
alkoXy, halogen or hydroXy and g is as de?ned 
above. 

[0108] Additional suitable cornpounds include those hav 
ing structures (4-11): 
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-continued 

COOH 

[0109] The S-nitroso-ACE inhibitors can be prepared by 
various methods of synthesis. In general, the thiol precursor 
is prepared ?rst, then converted to the S-nitrosothiol deriva 
tive by nitrosation of the thiol group With NaNO2 under 
acidic conditions (pH=1 to 5) Which yields the S-nitroso 
derivative. Acids Which may be used for this purpose include 
aqueous sulfuric, acetic and hydrochloric acids. Thiol pre 
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cursors are prepared as described in the following: US. Pat. 
No. 4,046,889 (1977); US. Pat. Nos. 4,052,511; 4,053,651; 
4,113,751, 4,154,840, 4129,571 (1978), and US. Pat. No. 
4,154,960 (1979) to Ondetti et al.; US. Pat. No. 4,626,545 
(1986) to Taub; and US. Pat. Nos. 4,692,458 (1987) and 
4,692,459 (1987) to Ryan et al., Quadro, US. Pat. No. 
4,447,419 (1984); HaugWitZ et al.; US. Pat. No. 4,681,886 
(1987), Bush et al., US. Pat. No. 4,568,675 (1986), Bennion 
et al., US. Pat. No. 4,748,160 (1988), Portlock, US. Pat. 
No. 4,461,896 (1984), Hoe?e et al., European Patent Appli 
cation Publication No. 0 088 341 (1983), Huange et al., US. 
Pat. No. 4,585,758 (1986), European Patent application 
Publication No. 0 237 239, European Patent application 
Publication No. 0 174 162, published in 1986, European 
Patent application Publication No. 0 257 485, published in 
1988, all of Which are incorporated by reference herein. 

[0110] Another group of such NO adducts are compounds 
that include at least one —O—NO group. Such compounds 
include O-nitroso-polypeptides (the term “polypeptide” 
includes proteins and also polyamino acids that do not 
possess an ascertained biological function, and derivatives 
thereof); O-nitrosylated amino acids (including natural and 
synthetic amino acids and their stereoisomers and racemic 
mixtures and derivatives thereof); O-nitrosated sugars; O-ni 
trosated-modi?ed and unmodi?ed oligonucleotides (prefer 
ably of at least 5, and more particularly 5-200, nucleotides); 
and an O-nitrosated hydrocarbon Where the hydrocarbon can 
be a branched or unbranched, saturated or unsaturated 
aliphatic hydrocarbon, or an aromatic hydrocarbon; O-ni 
troso hydrocarbons having one or more substituent groups in 
addition to the O-nitroso group; and heterocyclic com 
pounds. 

[0111] Another group of such NO adducts is the nitrites 
Which have an —O—NO group Wherein R is a protein, 
polypeptide, amino acid, branched or unbranched and satu 
rated or unsaturated alkyl, aryl or a heterocyclic. Apreferred 
example is the nitrosylated form of isosorbide. Compounds 
in this group form S-nitrosothiol intermediates in vivo in the 
recipient human or other animal to be treated and can 
therefore include any structurally analogous precursor 
R—O—NO of the S-nitrosothiols described above. 

[0112] Another group of such NO adducts is the N-ni 
trosoamines, Which are compounds that include at least one 
—N—NO group. Such compounds include N-nitroso 
polypeptides (the term “polypeptide” includes proteins and 
also polyamino acids that do not possess an ascertained 
biological function, and derivatives thereof); N-nitrosylated 
amino acids (including natural and synthetic amino acids 
and their stereoisomers and racemic mixtures); N-nitrosated 
sugars; N-nitrosated-modi?ed and unmodi?ed oligonucle 
otides (preferably of at least 5, and more particularly 5-200, 
nucleotides); and an N-nitrosated hydrocarbon Where the 
hydrocarbon can be a branched or unbranched, and saturated 
or unsaturated aliphatic hydrocarbon, or an aromatic hydro 
carbon; N-nitroso hydrocarbons having one or more sub 
stituent groups in addition to the N-nitroso group; and 
heterocyclic compounds. 

[0113] Another group of such NO adducts is the C-nitroso 
compounds that include at least one —C—NO group. Such 
compounds include C-nitroso-polypeptides (the term 
“polypeptide” includes proteins and also polyamino acids 
that do not possess an ascertained biological function, and 


























