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(57) ABSTRACT 

Vascular function and structure is maintained or improved 
by long term administration of physiologically acceptable 
compounds Which enhance the level of endogenous nitric 
oxide or other intermediates in the NO induced relaxation 
pathway in the host. Alternatively, or in combination, other 
compounds may be administered Which provide for short 
term enhancement of nitric oxide, either directly or by 
physiological processes 
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ENHANCEMENT OF VASCULAR FUNCTION BY 
MODULATION OF ENDOGENOUS NITRIC OXIDE 

PRODUCTION OR ACTIVITY 

[0001] This invention Was supported in part by the United 
States Government under Grant 1KO7HCO2660 (NHLBI). 
The US. Government may have an interest in this applica 
tion. 

TECHNICAL FIELD 

[0002] The ?eld of this invention is the modulation of NO 
activity, Which ?nds application in maintaining and improv 
ing vascular function and thereby preventing or improving 
vascular degenerative diseases. 

BACKGROUND 

[0003] Atherosclerosis and vascular thrombosis are a 
major cause of morbidity and mortality, leading to coronary 
artery disease, myocardial infarction, and stroke. Athero 
sclerosis begins With an alteration in the endothelium, Which 
lines the blood vessels. The endothelial alteration results in 
adherence of monocytes, Which penetrate the endothelial 
lining and take up residence in the subintimal space betWeen 
the endothelium and the vascular smooth muscle of the 
blood vessels. The monocytes absorb increasing amounts of 
cholesterol (largely in the form of oxidiZed or modi?ed 
loW-density lipoprotein) to form foam cells. OxidiZed loW 
density lipoprotein (LDL) cholesterol alters the endothe 
lium, and the underlying foam cells distort and eventually 
may even rupture through the endothelium. 

[0004] Platelets adhere to the area of endothelial disrup 
tion and release a number of groWth factors, including 
platelet derived groWth factor (PDGF). PDGF, Which is also 
released by foam cells and altered endothelial cells, stimu 
lates migration and proliferation of vascular smooth muscle 
cells into the lesion. These smooth muscle cells release 
extracellular matrix (collagen and elastin) and the lesion 
continues to expand. Macrophages in the lesion elaborate 
proteases, and the resulting cell damage creates a necrotic 
core ?lled With cellular debris and lipid. The lesion is then 
referred to as a “complex lesion.” Rupture of this lesion can 
lead to thrombosis and occlusion of the blood vessel. In the 
case of a coronary artery, rupture of a complex lesion may 
precipitate a myocardial infarction, Whereas in the case of a 
carotid artery, stroke may ensue. 

[0005] One of the treatments that cardiologists and other 
interventionalists employ to reopen a blood vessel Which is 
narroWed by plaque is balloon angioplasty (approximately 
300,000 coronary and 100,000 peripheral angioplasties are 
performed annually). Although balloon angioplasty is suc 
cessful in a high percentage of the cases in opening the 
vessel, it unfortunately denudes the endothelium and injures 
the vessel in the process. This damage causes the migration 
and proliferation of vascular smooth muscle cells of the 
blood vessel into the area of injury to form a lesion, knoWn 
as myointimal hyperplasia or restenosis. This neW lesion 
leads to a recurrence of symptoms Within three to six months 
after the angioplasty in a signi?cant proportion of patients 
(30-40%). 
[0006] In atherosclerosis, thrombosis and restenosis there 
is also a loss of normal vascular function, such that vessels 
tend to constrict, rather than dilate. The excessive vasocon 
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striction of the vessel causes further narroWing of the vessel 
lumen, limiting blood ?oW. This can cause symptoms such 
as angina (if a heart artery is involved), or transient cerebral 
ischemia (i.e. a “small stroke”, if a brain vessel is involved). 
This abnormal vascular function (excessive vasoconstriction 
or inadequate vasodilation) occurs in other disease states as 
Well. Hypertension (high blood pressure) is caused by exces 
sive vasoconstriction, as Well as thickening, of the vessel 
Wall, particularly in the smaller vessels of the circulation. 
This process may affect the lung vessels as Well causing 
pulmonary (lung) hypertension. Other disorders knoWn to be 
associated With excessive vasoconstriction, or inadequate 
vasodilation include transplant atherosclerosis, congestive 
heart failure, toxemia of pregnancy, Raynaud’s phenom 
enon, PrinZmetal’s angina (coronary vasospasm), cerebral 
vasospasm, hemolytic-uremia and impotence. 

[0007] Because of their great prevalence and serious con 
sequences, it is critically important to ?nd therapies Which 
can diminish the incidence of atherosclerosis, vascular 
thrombosis, restenosis, and these other disorders character 
iZed by abnormality of vascular function and structure. 
Ideally, such therapies Would inhibit the pathological vas 
cular processes associated With these disorders, thereby 
providing prophylaxis, retarding the progression of the 
degenerative process, and restoring normal vasodilation. 

[0008] As brie?y summariZed above, these pathological 
processes are extremely complex, involving a variety of 
different cells Which undergo changes in their character, 
composition, and activity, as Well as in the nature of the 
factors Which they secrete and the receptors that are u- or 
doWn-regulated. A substance released by the endothelium, 
“endothelium derived relaxing factor” (EDRF), may play an 
important role in inhibiting these pathologic processes. 
EDRF is noW knoWn to be nitric oxide (NO) or a labile 
nitroso compound Which liberates NO. (For purposes of the 
subject invention, unless otherWise indicated, nitric oxide 
(NO) shall intend nitric oxide or the labile nitroso compound 
Which liberates NO.) This substance relaxes vascular 
smooth muscle, inhibits platelet aggregation,. inhibits mito 
genesis and proliferation of cultured vascular smooth 
muscle, and leukocyte adherence. Because NO is the most 
potent endogenous vasodilator, and because it is largely 
responsible for exercise-induced vasodilation in the conduit 
arteries, enhancement of NO synthesis could also improve 
exercise capacity in normal individuals and those With 
vascular disease. NO may have other effects, either direct or 
indirect, on the various cells associated With vascular Walls 
and degenerative diseases of the vessel. 

Relevant Literature 

[0009] Girerd et al. (1990) Circulation Research 6711301 
1308 report that intravenous administration of L-arginine 
potentiates endothelium-dependent relaxation in the hind 
limb of cholesterol-fed rabbits. The authors conclude that 
synthesis of EDRF can be increased by L-arginine in hyper 
cholesterolemia. Rossitch et al. (1991) J. Clin. Invst. 
87:1295-1299 report that in vitro administration of L-argi 
nine to basilar arteries of hypercholesterolemic rabbits 
reverses the impairment of endothelium-dependent vasodi 
lation and reduces vasoconstriction. They conclude that the 
abnormal vascular responses in hypercholesterolemic ani 
mals is due to a reversible reduction in intracellular arginine 
availability for metabolism to nitric oxide. 
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[0010] Creager et al. (1992) J. Clin. Invest. 90:1248-1253, 
report that intravenous administration of L-arginine 
improves endothelium-derived NO-dependent vasodilation 
in hypercholesterolemic patients. 

[0011] Cooke et al., “Endothelial Dysfunction in Hyperc 
holesterolemia is Corrected by L-arginine,” Endothelial 
Mechanisms of Vasomotor Control, eds. Drexler, Zeiher, 
Bassenge, and Just; Steinkopff Verlag Darmstadt, 1991, pp. 
173-181, revieW the results of the earlier references and 
suggest, “If the result of these investigations may be 
extrapolated, exogenous administration of L-arginine (i.e., 
in the form of dietary supplements) might represent a 
therapeutic adjunct in the treatment and/or prevention of 
atherosclerosis”. 

[0012] Cooke (1990) Current Opinion in Cardiology 
5:637-644 discusses the role of the endothelium in the 
atherosclerosis and restenosis, and the effect that these 
disorders have on endothelial function. 

[0013] Cooke (1992) J. Clin. Invest. 90:1168-1172, 
describe the effect of chronic administration of oral L-argi 
nine in hypercholesterolemic animals on atherosclerosis. 
This is the ?rst demonstration that oral L-arginine supple 
ments can improve the release of NO from the vessel Wall. 
The increase in NO release from the vessel Wall Was 
associated With a striking reduction in atherosclerosis in 
hypercholesterolemic animals. This is the ?rst evidence to 
support the hypothesis that increasing NO production by the 
vessel Wall inhibits the development of atherosclerosis. 

[0014] Cooke and Tsao (1992) Current Opinion in Car 
diology 7:799-804 describe the mechanism of the progres 
sion of atherosclerosis and suggest that inhibition of nitric 
oxide may disturb vascular homeostasis and contribute to 
atherogenesis. 

[0015] Cooke and Santosa (1993) In: Steroid Hormones 
and Dysfunctional Bleeding, AAAS Press, revieW the activi 
ties of EDRF in a variety of roles and suggest that revers 
ibility of endothelial dysfunction may be affected by the 
stage of atherosclerosis. They conclude that EDRF is a 
potent vasodilator, plays a key role in modulating conduit 
and resistance vessel tone, has important effects on cell 
groWth and interactions of circulatory blood cells With a 
vessel Wall, and that disturbances of EDRF activity may 
initiate or contribute to septic shock, hypertension, vasos 
pasm, toxemia and atherosclerosis. 

[0016] Fitzpatrick et al., American Journal of Physiology 
265 (Heart Circ. Physiol. 34):H774-H778, 1993 report that 
Wine and other grape products may have endothelium 
dependent vasorelaxing activity in vitro. 

[0017] Wang et al. (1994) J. Am. Cell. Cardiol. 23:452 
458, report that oral administration of arginine prevents 
atherosclerosis in the coronary arteries of hypercholester 
olemic rabbits. 

[0018] Drexler et al. (1994) Circulation 89:1615-1623 
describe the effect of intravenous arginine upon coronary 
vascular tone. This Was the ?rst evidence that intravenous 
arginine could restore normal NO-dependent vasodilation in 
the coronary arteries of patients With cardiac transplants, 
Tsao et al. (1994) Circulation 89:2176-2182 demonstrates 
that oral administration of arginine to hypercholesterolemic 
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rabbits enhances the release of nitric oxide by the vessel 
Wall, and inhibits monocytes from sticking to the vessel. 

[0019] Tsao et al. (1994) J. Arterioscl. Thromb. 14:1529 
1533 reveals that oral arginine administration to hypercho 
lesterolemic rabbits inhibits platelet aggregation (blood clot 
ting). Platelet aggregation plays an important role in causing 
vascular thrombosis in vascular degenerative disorders. 

[0020] Von de Leyen et al. (1995) PNAS USA, shoW that 
the gene encoding nitric oxide synthase (the enZyme that 
produces NO) can be inserted into the carotid artery of the 
rat. This causes the rat carotid artery to make more NO, and 
thereby enhances vasodilation and inhibits thickening of the 
vessel Wall after balloon angioplasty. 

[0021] Noruse et al. (1994) Arterioscler. T hromb. 14:746 
752, report that oral administration of an antagonist of NO 
production accelerates atherogenesis in hypercholester 
olemic rabbits. 

[0022] Cayette et al. (1994)Arterioscler. T hromb. 14:753 
759, also report that oral administration of an antagonist of 
NO production accelerates plaque development in hyperc 
holesterolemic rabbits. 

[0023] Other references Which refer to activities attributed 
to NO or its precursor include: Pohl and Busse (1989) Circ. 
Res. 65:1798-1803; Radomsli et al. (1987) Br J. Pharmacol. 
92:181-187; Stamler et al. (1989) Circ. Res. 65:789-795; 
anti-platelet activity); Garg and Hassid (1989) J. Clin. 
Invest. 83:1774-1777; Weidinger et al. (1990) Circulation 
81:1667-1679; NO activity in relation to vascular smooth 
muscle groWth); Ross (1986) N. Engl. J. Med. 314:488-500; 
Bath et al. (1991) Arterioscler Thromb. 11:254-260; Kubes 
et al. (1991) Proc. Natl.Acad. Sci. USA 89:6348-6352; Lefer 
et al. (1990) In: Endothelium-Derived Contracting Factors. 
Basel, S. Karger, pp.190-197; NO activity in relation to 
leukocyte adhesion and migration); Heistad et al. (1984) 
Circ. Res. 43:711-718; Rossitch et al. (1991) J. Clin. Invest. 
87:1295-1299; Yamamoto et al. (1988) ibid 81:1752-1758; 
AndreWs et al. (1987) Nature 327:237-239; Tomita et al. 
(1990) Circ. Res. 66:18-27; Kugiyama et al. (1990) Nature 
344:160-162; Mitchell et al. (1992) J. Vasc. Res. 29:169 
(abst.); Minor et al. (1990) J. Clin. Invest. 86:2109-2116; 
NO activity in relation to hypercholesterolemia); Tanner et 
al. (1991) Circulation 83:2012-2020; Kuo et al. (1992) Circ. 
Res. 70:f465-476; Drexler et al. (1991) Lancet 338:1546 
1550; Schuschke et al. (1994) Int. J. ofMicrocircu: Clin. and 
Erper 14(4):204-211; Yao et al. (1992) Circulation 86:1302 
1309; Higashi et al. (1995) Hypertension 25(4 Pt 2):898 
902; Kharitonov et al. (1995) Clin. Sci. 88(2):135-139; 
Smulders et al. (1994) Clin. Sci. 87(1):37-43; Bode-boger et 
al. (1994) Clin. Sci. 87(3):303-310; Bode-Boger et al. (1994) 
Clin. Sci.; Randall et al. (1994) Clin. Sci. 87(1):53-59; 
Dubois-Rande et al. (1992) J. Card. Pharm. 20 Suppl. 
12:S211-3; Otsuji et al. (1995) Am. Heart J. 129(6): 1094 
1100; Nakanishi et al. (1992) Am. J. of Physio. 263(6 Pt 
2):H1650-8; Kuo et al. (1992) Circ. Research 70(3): 465 
476; Tanner et al. (1991) Circulation 83(6):2012-2020; 
Meng et al. (1995) J. Am. Col. Card. 25(1):269-275; Lefer 
and Ma (1993) Arterioscl. and Thromb. 13(6):771-776; 
McNamara et al. (1993) Biochem. and Biophys. Res. Comm. 
193(1):291-296; Tarry and Makhoul (1994) Arter. and 
Thromb. 14(6):983-943; Davies et al. (1994) Surgery 
116(3):557-568; and Raij (1994) Kidney Institute 45:775 
781. 
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SUMMARY OF THE INVENTION 

[0024] Methods are provided for improving vascular func 
tion and structure, particularly modulating vascular relax 
ation, cellular adhesion, in?ltration and proliferation by 
modulating the level of nitric oxide or active precursor at a 
physiological site. The methods ?nd use in preventing the 
degradation of vascular function, particularly as involved 
With the occurrence of atherosclerosis, restenosis, thrombo 
sis, hypertension, impotence, and other disorders character 
iZed by reduced or inadequate vasodilation. The enhance 
ment of endogenous nitric oxide or secondary messenger 
availability at a physiological site improves vascular relax 
ation and thereby relieves symptoms due to inadequate 
blood ?oW (such as angina) and can counteract inappropriate 
elevation of blood pressure. The enhancement of endog 
enous nitric oxide also inhibits initiation and the progression 
of atherosclerosis, restenosis, vascular hypertrophy or 
hyperplasia and thrombosis. This is due to the fact that nitric 
oxide is not only a potent modulator, but can also inhibit 
platelets and White blood cells from adhering to the vessel 
Wall. As a prophylaxis or treatment for vascular function 
deterioration, particularly in atherosclerotic susceptible 
hosts, the agent is chronically administered at an effective 
dosage. For restenosis, the agent may be administered for a 
limited period since this pathological process generally 
abates 3-6 months after the vascular injury (i.e. angioplasty 
or atherectomy). Oral administration of L-arginine, precur 
sors to L-arginine, e.g. oligopeptides or polypeptides com 
prising L-arginine, or proteins comprising high levels of 
L-arginine, by itself or in combination With L-lysine, par 
ticularly further supplemented With GRAS substances Which 
enhance the effectiveness of the active agents, as a dietary 
supplement Will increase NO elaboration and thereby dimin 
ish the effects of atherogenesis. Other techniques to enhance 
NO or secondary messenger availability may be utiliZed 
such as increasing the availability of NO synthase, for 
example, as a result of enhanced expression of NO synthase 
in the vessel Wall, particularly at the lesion site, release of 
NO from the vessel Wall or reduction of degradation of NO 
or the secondary messenger, cyclic guanosine monophos 
phate (“cGMP”). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a bar diagram of histomorphometric 
studies of the effect of L-arginine on atherosclerotic plaque 
in hypercholesterolemic animals. (See Ex. 1) 

[0026] FIG. 2 is a nephelometric scan of the effect of 
L-arginine diet supplement on platelet reactivity as evi 
denced by platelet aggregation initiated by adenosine 
diphosphate. (See Ex. 2) A) aggregation of platelets from 
hypercholesterolemic rabbit; B) reduced aggregation of 
platelets from hypercholesterolemic rabbit treated With 
L-arginine; C) antagonism of NO synthase by LNMMA 
reverses the bene?cial effect of L-arginine. 

[0027] FIG. 3 is a bar diagram comparing the effect of 
L-arginine diet supplement on cell binding to aortic endot 
helium of hypercholesterolemic animals. (See Ex. 4) 

[0028] FIG. 4. Lesion surface area of thoracic aortae from 
all arginine treated hypercholesterolemic animals (ARG, 
Weeks 14-23) is reduced in comparison to that of hyperc 
holesterolemic animals receiving vehicle (CHOL, Weeks 
14-23). (See Ex. 5) 
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[0029] FIG. 5. Macrophage accumulation in iliac arteries 
4 Weeks folloWing balloon injury. (Macrophage in?ltration 
into the vessel Wall initiates and accelerates plaque forma 
tion). Data is expressed as a percent of the vessel that contain 
macrophages. Balloon injury in hypercholesterolemic rab 
bits (CHOL) results in a marked increase in arterial mac 
rophage accumulation compared With injured iliac arteries 
from rabbits on normal choW (CONT). Macrophage accu 
mulation in iliac arteries from hypercholesterolemic rabbits 
receiving L-arginine (ARG) is signi?cantly reduced com 
pared to the CHOL group. (*; p<0.01, ARG v. CHOL). This 
study revealed that oral arginine treatment markedly reduced 
the in?ltration of monocytes/macrophages into the vessel 
Wall, explaining in part the effect of arginine to inhibit 
plaque formation. (See Ex. 6) 

[0030] FIG. 6. Stimulation of cultured endothelial cells 
With ?uid ?oW causes them to secrete nitric oxide. FloW 
induced secretion of nitric oxide decreases endothelial adhe 
siveness induced by oxidiZed LDL cholesterol (oxLDL; 30 
pig/ml). Exposure of human aortic endothelial cells to 
oxLDL increased the or ex vivo binding of monocytes When 
compared to Control. In comparison to cells not exposed to 
How (static), previous exposure to How inhibited the mono 
cyte adhesion induced by oxLDL. These effects of How Were 
blocked by NO synthase inhibitors and mimicked by NO 
donors (PAPA-NO) or cyclic GMP (cGMP). Bars represent 
mean :SEM. *p<0.05; **p<0.01. (See Ex. 8) 

[0031] FIG. 7 is a bar diagram of morphometric measure 
ments of intimal lesion thickening tWo Weeks after a balloon 
angioplasty in animals treated With a plasmid construct 
containing the gene for NO synthase (INJ+NOS) in com 
parison to control vector (INJ+CV) or untreated injured 
vessels (INJ). (See Ex. 11) 

[0032] FIG. 8 is a histogram shoWing the effect of local 
intraluminal administration of arginine on restenosis. Hyper 
cholesterolemic rabbits had balloon angioplasty of the iliac 
artery. Immediately thereafter some animals received an 
infusion of arginine directly into the vessel by means of a 
catheter designed to apply high local concentrations of 
arginine to the vessel. TWo to four Weeks later, vessels Were 
removed from the animals, and examined microscopically. 
Thickening of the vessel Wall (internal thickening or “rest 
enosis”) Was reduced in the animals treated With intralumi 
nal infusion of arginine (ARG) in comparison to those 
treated With vehicle. (See Ex. 12) 

[0033] FIG. 9 is a set of dose-response curves shoWing the 
effect of chronic lysine administration on endothelium 
dependent vasodilation in hypercholesterolemic rabbits. 
Chronic oral administration of lysine (for ten Weeks) 
improved NO-mediated vasodilation; this improvement in 
NO activity Was also associated With a marked reduction in 
plaque area. Chronic administration of lysine Was just as 
effective as arginine in restoring vascular function and 
structure. (See Ex. 14) 

[0034] FIG. 10 is a scatter-diagram illustrating the rela 
tionship betWeen the level of blood LDL-cholesterol and 
monocyte binding. Monocytes Were isolated from the blood 
of humans With normal or elevated cholesterol levels. The 
binding of these monocytes to endothelial cells in culture 
Was observed. Monocytes from individuals With high cho 
lesterol levels have a greater adhesiveness for endothelial 
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cells. This monocyte-endothelial cell interaction in vivo is 
the ?rst step in the development of atherosclerotic plaque. 
(See Ex. 15) 
[0035] FIG. 11 is a bar diagram showing the adhesiveness 
of monocytes obtained from subjects With normal choles 
terol levels (CONT) and those from hypercholesterolemic 
(HC) humans, before, during, and after treatment With 
arginine (the NO precursor). Prior to initiating arginine 
(Arg) or placebo (plac) treatment, monocytes from hyperc 
holesterolemic individuals have a greater tendency to bind to 
endothelial cells ex vivo (baseline). After 2 Weeks of argi 
nine treatment monocytes from these hypercholesterolemic 
individuals have a signi?cantly reduced adhesiveness and 
are no different from those of the normal subjects. At this 
point arginine therapy Was discontinued and there Was a 
Washout (4 Weeks). At this time point, monocytes from the 
patients previously treated With arginine noW have increased 
adhesiveness, off of the arginine treatment. (See Ex. 15) 

[0036] FIG. 12 is a bar diagram Which shoWs that mono 
cytes from individuals With elevated cholesterol (CHOL) 
have greater adhesiveness for endothelial cells. HoWever, 
after treatment With sodium nitroprusside (CHOL+SNP), the 
adhesiveness of these monocytes is normaliZed. SNP is an 
NO donor. (See Ex. 15) 

[0037] FIG. 13 is a set of histograms shoWing aggregation 
of platelets obtained in hypercholesterolemic humans (hc), 
and individuals With normal cholesterol levels (nc). Platelet 
aggregation ex vivo in response to adenosine diphosphate 
(ADP) is increased in hc individuals in comparison to 
normal individuals. After 2 Weeks of treatment With oral 
L-arginine, platelet aggregation is attenuated in the hyper 
cholesterolemic individuals, While an even greater effect of 
the treatment is seen at four Weeks. (See Ex. 16) 

[0038] FIG. 14 is a bar graph shoWing increases in coro 
nary blood ?oW in response to intracoronary infusions of 
acetylcholine (ACH) before and after intravenous infusion 
of L-arginine (30 g), in patients With transplant atheroscle 
rosis. Acetylcholine stimulates the release of NO from the 
vessel Wall causing vasodilation and increased blood ?oW. 
There is improved NO-dependent vasodilation after L-argi 
nine administration. (See Ex. 18) 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0039] In accordance With the subject invention, vascular 
function is maintained or its deterioration inhibited or 
retarded by enhancing the level or activity of endogenous 
nitric oxide. By enhancing the level or activity of endog 
enous nitric oxide, common vascular degenerative diseases 
such as atherosclerosis, restenosis, hypertension, vasos 
pasm, impotence, angina, and vascular thrombosis, can be 
treated prophylactically and/or therapeutically. The 
enhanced level or activity of nitric oxide (Which is intended 
to include any precursor of nitric oxide Which results in such 
enhanced level) can be achieved by modulating the activity, 
synthesis or concentration of any of the components asso 
ciated With the formation of nitric oxide in the nitric oxide 
synthetic pathWay, or inhibiting the rate of degradation of 
nitric oxide, its precursors, or the secondary messengers 
associated With the relaxation signal. In referring to the 
enhanced level or activity, the term “effect” Will be used to 
encompass the tWo situations. The enhanced effect of nitric 
oxide may be a result of oral or intravenous administration 
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to the patient of a precursor in the metabolic pathWay to the 
production of nitric oxide (such as L-arginine, L-lysine, 
polypeptides comprising these amino acids, and the like), 
providing an enZyme in the metabolic pathWay to NO, 
particularly NO synthase, by introduction of the gene for NO 
synthase under conditions for integration of the gene into the 
endothelial or other cells and expression of the gene, or by 
directly adding an enZyme associated With the production of 
nitric oxide. The enhanced level of nitric oxide may also 
result from administration of an agent to protect the NO 
from degradation, such as an oxidant, reductant or superox 
ide dismutase. Alternatively, the agent may serve to enhance 
the bioavailability or effectiveness of the primary active 
agent, such as L-arginine or L-lysine. The agent, individu 
ally or in combination, Will be administered in a form of 
other than a natural food source, such as meat or plants as 
natural protein sources, fruits or products derived therefrom. 

[0040] One approach is to employ L-arginine and/or 
L-lysine, as individual amino acids, in combination, or as a 
precursor to L-arginine, eg a monomer or a polypeptide, as 
a dietary supplement. The amino acid(s) are administered as 
any physiologically acceptable salt, such as the hydrochlo 
ride salt, glutamate salt, etc. They can also be administered 
as a peptide (e.g., poly-L-arginine, poly-L-lysine, or com 
binations thereof) so as to increase plasma levels of the NO 
precursor. Oligopeptides of particular interest include oli 
gopeptides of from 2 to 30, usually 2 to 20, preferably 2 to 
10 amino acids, having at least 50 mol % of L-arginine 
and/or L-lysine, preferably at least about 75 mol % of 
L-arginine and/or L-lysine, more preferably having at least 
about 75 mol % of L-arginine and/or L-lysine. The oligopep 
tides can be modi?ed by being ligated to other compounds, 
Which can enhance absorption from the gut, provide for 
enhancement of NO synthesis or stability, e.g. reducing 
agents and antioxidants, and the like. 

[0041] Naturally occurring sources include protamine or 
other naturally occurring L-arginine or -lysine containing 
protein, Which is high in one or both of the indicated amino 
acids, eg greater than about 40%, preferably greater than 
about 50%. 

[0042] The administration of L-arginine, other convenient 
NO precursor, or other agent Which enhances NO availabil 
ity, Would be in accordance With a predetermined regimen, 
Which Would be at least once Weekly and over an extended 
period of time, generally at least one month, more usually at 
least three months, and as a chronic treatment, could last for 
one year or more, including the life of the host. The dosage 
administered Will depend upon the frequency of the admin 
istration, the blood level desired, other concurrent therapeu 
tic treatments, the severity of the condition, Whether the 
treatment is for prophylaxis or therapy, the age of the patient, 
the natural level of NO in the patient, and the like. Desirably, 
the amount of L-arginine and/or L-lysine (R and/or K) or 
biologically equivalent compound Which is used Would 
generally provide a plasma level in the range of about 0.15 
to 30 mM. The oral administration of R and/or K can be 
achieved by providing R and/or K, other NO precursor, or 
NO enhancing agent as a pill, poWder, capsule, liquid 
solution or dispersion, particularly aqueous, or the like. 
Various carriers and excipients may ?nd use in formulating 
the NO precursor, such as lactose, terra alba, sucrose, 
gelatin, aqueous media, physiologically acceptable oils, e.g. 
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peanut oil, and the like. Usually, if daily, the administration 
of L-arginine and/or L-lysine for a human host Will be about 
1 to 12 g per day. 

[0043] Furthermore, other agents can be added to the oral 
formulation of the amino acids or polypeptides to enhance 
their absorption, and/or to enhance the activity of NO 
synthase, e.g. B6 (50-250 mg/d), folate (0.4-10 mg per daily 
dose), B12 (0.5-1 mg/d) or calcium (250-1000 mg per daily 
dose). Furthermore, agents knoWn to protect NO from 
degradation, such as antioxidants (e.g. cysteine or N-acetyl 
cysteine 200-1000 mg/d Vitamin C (250-2000 mg daily 
dose), (coenZyme Q 25-90 mg daily dose, glutathione 
50-250 mg daily dose), Vitamin E (200-1000 I.U. daily 
dose), or [3-carotene (10-25,000 I.U. daily dose) or other 
naturally occurring plant antioxidants such as tocopherols, 
phenolic compounds, thiols, and ubiquinones can be added 
to the oral or intravenous formulations of R and/or K, or R 
and/or K-containing peptides. Alternatively, one may 
include the active agent in a nutritional supplement, Where 
other additives may include vitamins, amino acids, or the 
like, Where the subject active agent Will be at least 10 Weight 
%, more usually at least about 25 Weight % of the active 
ingredients. 

[0044] The administration of R and/or K or its physiologic 
equivalent in supporting NO can be administered prophy 
lactically to improve vascular function, serving to enhance 
vasodilation and to inhibit atherogenesis or restenosis, or 
therapeutically after atherogenesis has been initiated. Thus, 
for example, a patient Who is to undergo balloon angioplasty 
can have a regimen of R and/or K administered substantially 
prior to the balloon angioplasty, preferably at least about a 
Week or substantially longer. Alternatively, in a patient, the 
administration of R and/or K can begin at any time. Con 
veniently, the amino acid composition can be administered 
by incorporating the appropriate dose in a prepared food. 
Types of foods include gelatins, ice creams, cereals, candies, 
sugar substitutes, soft drinks, and the like. Of particular 
interest is the incorporation of R and/or K as a supplement 
in a food, such as a health bar, e.g. granola, other grains, fruit 
bars, such as a date bar, ?g bar, apricot bar, or the like. The 
amount of R and/or K or the equivalent Would be about 1-25 
g per dosage or bar, preferably about 2-15 g. 

[0045] Instead of oral administration, intravascular admin 
istration can also be employed, particularly Where more 
rapid enhancement of the nitric oxide level in the vascular 
system is desired (i.e. as With acute thrombosis of a critical 
vessel), so that combinations of oral and parenteral admin 
istrations can be employed in accordance With the needs of 
the patient. Furthermore, parenteral administration can 
alloW for the administration of compounds Which Would not 
readily be transported across the mucosa from the gas 
trointestinal tract into the vascular system. 

[0046] Another approach is to administer the active ingre 
dient of grape skin extract, Which is knoWn to enhance NO 
activity. See FitZpatrick et al. (1993), supra. The extract can 
be enriched for the active component by employing sepa 
ration techniques and assaying the activity of each of the 
fractions obtained. The grape skin extract can be divided 
into fractions using a ?rst gel permeation separation to 
divide the extract by the siZe of the components. The active 
fraction(s) can be determined by an appropriate assay, see 
the experimental section. The active fraction(s) can be 
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further separated using HPLC and an appropriate eluent, 
conveniently either an isocratic eluent of aqueous acetoni 
trile or propanol or a linearly varying eluent, using the same 
solvents. Fractions Which are shoWn to be active and sub 
stantially pure, eg at least 80 Weight %, by thin layer 
chromatography, mass spectrometry, gas phase chromatog 
raphy, or the like can then be characteriZed using infra-red, 
nuclear magnetic resonance, mass or other spectroscopy. 

[0047] For oral or intravascular administration, one can 
provide R and/or K, by itself or in a polypeptide, or its 
physiological equivalent in supporting NO, together With 
antioxidants or scavengers of oxygen-derived free radicals 
(such as sulfhydryl containing compounds) or compounds 
that prevent the production of oxygen-derived free radicals 
(such as superoxide dismutase), as it is knoWn that oxygen 
derived free radicals (such as superoxide anion) can inacti 
vate nitric oxide. Alternatively, or in addition, one can 
administer cofactors required for NO synthase activity, such 
as calcium or folate. The amounts of each of these co-agents 
can be determined empirically, using the assays in the 
experimental section to determine NO activity. 

[0048] The various cofactors that may be used With the 
NO precursors Will vary in amount in relation to the amount 
of NO precursor and the effectiveness of the cofactor, 
particularly for oral administration. Generally, the cofactors 
may be present in amounts that Would provide daily doses of 
folate (0.4-10 mg), B6 (50-250 mg), B12 (0.5-1 mg) and/or 
calcium (250-1000 mg). Usually, Where the amount of the 
NO precursor is greater than about 2 g, it may be adminis 
tered periodically during the day, being administered 2 to 4 
times daily. For the most part, the cofactors Will be GRAS 
substances and Will be able to be taken at high dosages 
Without adverse effects on the recipient host. 

[0049] The subject compositions Will be for the most part 
administered orally and the dosage may take a variety of 
forms. The dosage may be tablets, pill, capsules, poWders, 
solutions, dispersions, bars, ice creams, gelatins, and the 
like, formulated With physiologically acceptable carriers, 
and optionally stabiliZers, colorants, ?avoring agents, 
excipients, tabletting additives, and the like. Depending 
upon the mode of administration, the amount of active agent 
may be up to about 25 g. For formulations as dietary 
supplements, individual dosages Will generally range from 
about 0.5 to 5 g, more usually from about 1 to 3 g of the NO 
precursor. 

[0050] Alternatively, one can enhance, either in conjunc 
tion With the enhancement of precursors to nitric oxides or 
independently, components of the nitric oxide metabolic 
pathWay. For example, one can enhance the amount of nitric 
oxide synthase present in the vessel Wall, particularly at the 
site of lesions. This can be done by local administration to 
the lesion site or systemically into the vascular system. The 
synthase can be administered using liposomes, sloW release 
particles, or in the form of a depot, eg in collagen, 
hyaluronic acid, biocompatible gels, vascular stents, or other 
means, Which Will provide the desired concentration of the 
NO synthase at the lesion site. 

[0051] Instead of providing for the enhancement of NO at 
the physiological site of interest, one can choose to extend 
the lifetime of the signal transduced as a result of the 
presence of nitric oxide. Since cGMP is produced intracel 
lularly as a result of a nitric oxide induced signal, employing 






















