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Review article

L-Arginine in coronary atherosclerosis
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Abstract

Nitric oxide is formed from the N-guanido terminal of the amino acid L-arginine and from molecular oxygen by nitric oxide synthase
enzymes. L-arginine administration improves the coronary blood flow response to acetylcholine in patients with normal coronary arteries
and hypercholesterolemia, reverses the defective endothelium-dependent vasodilation associated with an elevated plasma low-density
lipoprotein level or hypercholesterolemia, dilates coronary epicardial arteries and stenoses, enhances nitric oxide generation, and inhibits
lesion formation after balloon angioplasty. Stimulation of endogenous nitric oxide production could inhibit atherogenesis, and therefore
may be of benefit in patients with risk factors for atherosclerosis.  2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction press the constitutive form of NO synthase and this
enzyme is known to modulate myocardial contraction

The first proof that nitric oxide (NO) was at least and coronary tone [5]. The inducible form of NO
one of the relaxing factors resulted from studies by synthase is located in myocytes, macrophages and
Palmer et al. [1] who, using a chemiluminescence endothelial cells [6] and may be involved in the
assay, demonstrated that cultured endothelial cells depression of myocardial contractility in septic shock
release nitric oxide when exposed to bradykinin. [7].

NO is formed from the N-guanido terminal of the In the intact blood vessel wall, most of the NO is
amino acid L-arginine and from molecular oxygen by presumed to arise from the activity of endothelial
NO synthase enzymes [2]. One of these enzymes is cNOS [8]. There is continuous basal release of NO

21Ca -dependent and is constitutive in various types (constitutive) which represents a sizeable portion of
of cells, including endothelial cells [3]. NO syn- the total NO-releasing capacity of native endothelial
thesized by constitutive NO synthase (cNOS), plays a cells. The rate of NO formation under basal con-
primary role in the regulation of blood pressure [4]. ditions seems to be substantially smaller in cultured

21Another type of NO synthase (iNOS) is Ca -in- endothelial cells, implying that native endothelial
dependent and inducible by immunological stimuli cells in vivo may be continuously exposed to stimuli,
[5]. Endocardial and vascular endothelial cells ex- e.g. shear stress, which affect NO synthase expres-

sion [9]. Once the endothelium has been damaged,
exposure of smooth muscle cells to cytokines and*Corresponding author. S. Karagiorga 69, 16675, Glifada, Athens,

Greece. Tel.: 130-1-778-2446; fax: 130-1-778-4590. other stimulators of NOS induction may have im-

0167-5273/00/$ – see front matter  2000 Elsevier Science Ireland Ltd. All rights reserved.
PI I : S0167-5273( 00 )00320-X



124 C. Tentolouris et al. / International Journal of Cardiology 75 (2000) 123 –128

portant physiological consequences for the blood [17,18], reverses the defective endothelium-depen-
vessel. Medial smooth muscle cells exhibit a rapid dent vasodilation associated with an elevated plasma
proliferative response immediately after endothelial low-density lipoprotein level or hypercholesterolemia
denudation, but this is followed by endothelial re- [19–21], enhances nitric oxide generation, and inhib-
growth. its lesion formation after balloon angioplasty [22–

24]. L-arginine restores nitric oxide activity and
inhibits monocyte accumulation after vascular injury

2. Effects of L-arginine in vascular in hypercholesterolemic rabbits [25]. Dietary L-ar-
atherosclerosis ginine improves NO-dependent vasodilator function

in cholesterol-fed rabbits and completely blocks the
The L-isomer of arginine is a substrate for both progression of plaques via restoration of NO synthase

endothelial cell (constitutive) and inducible (in substrate availability and reduction of vascular oxida-
macrophages, foam cells and smooth muscle cells) tive stress in cholesterol-fed rabbits [26]. Administra-
isoforms of the enzyme nitric oxide synthase [10]. tion of L-arginine to animals with preexisting intimal
These enzymes convert L-arginine to citrulline and lesion augments vascular NO elaboration, reduces
nitric oxide. superoxide anion generation and is associated with a

G
L-Arginine is first converted to N -hydroxy-L-ar- reduction in lesion surface area [27].

ginine by eNOS [11] and alternative pathways for A recent study [28] showed vasodilation of cor-
N-hydroxylation of L-arginine may increase the avail- onary stenoses with intracoronary L-arginine and
ability of this reaction intermediate, which could another [29] demonstrated that arginine produced
facilitate substrate turnover by the enzyme. In addi- non-stereospecific peripheral vasodilation. L-Arginine

Gtion N -hydroxy-L-arginine inhibits arginase and may whether given intravenously or intra-arterially can
thereby increase intracellular steady-state levels of reduce vascular tone [16,30,31]. Oral arginine has
L-arginine [12]. L-arginine competes with other cat- also been shown to improve brachial artery flow-
ionic amino acids for transport into cells, especially mediated dilation in hypercholesterolemic patients,
L-glutamine, and increased L-arginine availability but not in normal individuals [32,33]. Quyyumi et al.
may increase intracellular substrate concentration by [29] showed that parenteral arginine produced non-
competitively enhancing cellular uptake in this set- stereospecific peripheral vasodilation and improved
ting. A study indicates that NO synthesis by vascular endothelium-dependent vasodilation in patients with
smooth muscle is dependent on the presence of stable coronary artery disease by stimulation of
extracellular L-arginine [13]. In contrast NO synthesis insulin-dependent nitric oxide release or by non-
by endothelial cells appears to be less dependent on enzymatic nitric oxide generation. In a recent study
extracellular L-arginine. It has been demonstrated that Blum et al. [34] using high resolution ultrasound for

1
L-arginine transport in vascular cells is Na indepen- measurements in the brachial artery, showed that oral
dent and that inflammatory cytokines selectively L-arginine administration does not improve NO bio-

1stimulate Na independent uptake [14]. availability in patients with chronic stable angina on
In normal subjects L-arginine administration aug- appropriate medical management. In contrast, other

ments forearm vascular endothelium dependent dila- studies have shown that intravenous L-arginine, but
tion in response to acetylcholine [15], and signifi- not D-arginine, increased forearm dilation in hyper-
cantly dilates proximal segments of epicardial cor- cholesterolemic subjects in response to metacholine
onary arteries [16]. However, intracoronary infusion [35] and that intra-arterial L-arginine, but not D-
of 50 mmol /min of L-arginine does not affect acetyl- arginine, increased the response to substance P in
choline-induced vasomotion of large epicardial cor- atherosclerotic patients [36].
onary arteries in control subjects [17]. The mechanism by which it exerts its vasodilator

L-Arginine administration improves the coronary effects is controversial [29,36,37], but stimulation of
blood flow response to acetylcholine in patients with the L-arginine-NO-synthase nitric oxide pathway
normal coronary arteries and hypercholesterolemia appears to be of particular importance. However,
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other possible mechanisms are volume expansion 3. The impact of L-arginine on risk factors for
with increased atrial natriuretic peptide and insulin atherosclerosis
levels during L-arginine infusion and the hypertonici-
ty of the L-arginine solution. Recently a circulating 3.1. Smoking
endogenous NO synthase inhibitor, asymmetric di-
methylarginine (ADMA) has been detected in human Cigarette smoking is a well recognised coronary
plasma. Evidence suggests that the derangement of risk factor that induces endothelial dysfunction [47].
the NO synthase pathway plays a critical role in Cigarette smoking increases oxidative stress because
atherogenesis and that ADMA may participate in this of low circulating levels of oxygen-derived free
endothelial dysfunction. Miyazaki et al. [38] suggests radicals and lipid peroxides that degrade NO [48],
that plasma ADMA correlated with risk factors for enhance monocyte adhesion and increase the suscep-
atherosclerosis and ADMA level is significantly tibility of LDL to oxidation [49]. It has been shown
correlated with carotid intima-media thickness. [49,50] that antioxidant vitamins can reduce both

We have investigated the effects of intracoronary smoking-induced lipid peroxidation and endothelial
infusion of 50 and 150 mmol /min (each for 8 min) dysfunction. In contrast with a recent study [51]
L-arginine, and we found that L-arginine significantly showing that acute administration of L-arginine re-
dilated atherosclerotic arteries in patients with risk verses the abnormal myocardial blood flow response
factors and atherosclerotic coronary arteries [39]. to cold pressor test in healthy long-term smokers, we
These findings are consistent with the suggestion that did not find any difference in the vasomotor re-
diseased arteries may be relatively deficient in the sponses of epicardial coronary arteries to L-arginine
substrate L-arginine [28,39–44]. Furthermore, we between smokers and non-smokers [39]. However,
have shown that stenoses with a complex morphology because of the small number of the patients in our
show a greater dilation compared with those of study we cannot exclude a possible relationship
smooth morphology, whether concentric or eccentric between smoking and the vasomotor effects of L-
[45]. This may indicate a relative deficiency of L- arginine [39].
arginine at the site of stenoses in diseased coronary
arteries, particularly within stenoses with complex 3.2. Hypercholesterolemia
morphology. They are a further indication that com-
plex morphology is a marker of increased functional It has been shown that nitric oxide also has an
activity and are consistent with enhanced nitric oxide anti-oxidant effect [52]. However, when it combines
activity. This could represent a natural compensatory with equimolar amounts of superoxide, peroxynitrite
mechanism to counteract the predisposition to con- is formed which is a strong oxidant. Inducible nitric
striction generated by atherosclerotic disease. oxide synthase can produce large amounts of nitric

We have also shown that proximal segments dilate oxide and is present in human atherosclerotic lesions
more than distal segments in response to L-arginine in [53]. Apart from reducing nitric oxide production,
patients with coronary artery disease [46]. This effect substrate deficiency could lead to the generation of
in proximal segments of ‘normal arteries’ and dis- superoxide by both inducible and endothelial nitric
eased arteries (including the site of stenosis) may oxide synthase [54]. In hypercholesterolaemic rabbits
suggest that it is either a physiological response or L-arginine administration restored cholinergic (nitric
that it requires only minimal coronary disease which oxide dependent) relaxation of the thoracic aorta [40].
could be present in the proximal segments in the Clinical studies showed also correction of endothelial
patients with normal coronary angiograms. An alter- dysfunction by L-arginine in the coronary microcircu-
native explanation to the stimulation of nitric oxide lation of hypercholesterolaemic patients and in pa-
synthase would be a physiological action on vascular tients with chest pain and normal coronary arteries
smooth muscle which augments its responsiveness to [17,18]. We showed that patients with cholesterol
nitric oxide or other endogenous vasodilator mecha- level #200 mg/dl were responsive to 50 mmol /min
nisms. L-arginine, but those patients with cholesterol .200
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mg/dl were only responsive to 150 mmol /min L- at the site of stenosis the mechanism of nitric oxide
arginine [39]. production is intact and therefore stimulation of this

pathway might provide therapeutic benefit in angina
patients. Stimulation of endogenous nitric oxide3.3. Hypertension
production could inhibit atherogenesis or induce
regression of pre-existing lesions. Patients with riskIn humans endothelium-dependent vasodilation to
factors for atherosclerosis could benefit from L-ar-acetylcholine is reduced in essential hypertensive
ginine administration. However, the currently avail-patients compared with normotensive control subjects
able data showing improvement in endothelial func-[15] suggesting that endothelial function can be
tion is limited and long-term clinical benefit has notimpaired in human hypertension. Endothelial function
been clearly demonstrated because of the smallis impaired in human essential hypertension by the
number of patients involved in the clinical trials. Thesimultaneous presence of a defect in L-arginine–nitric
actions of L-arginine are complex and the responsesoxide pathway and the production of a cyclooxy-
of epicardial coronary arteries and brachial arteries togenase-dependent EDCF [15,55]. L-Arginine seems to
L-arginine may be different. Therefore, further studiesnormalise the response to endothelial agonists in
are needed to elucidate a possible cause-and-effectoffspring of essential hypertensive patients [56].
relationship between L-arginine and atherosclerosis.However, Panza et al. [15] demonstrated that intrab-

ranchial infusion of L-arginine did not alter forearm
vasodilation to acetylcholine in essential hypertensive
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