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Abstract

Endothelium-dependent vasodilation is impaired in hypercho-
lesterolemia, even before the development of atherosclerosis.
The purpose of this study was to determine whether infusion of
L-arginine, the precursor of the endothelium-derived relaxing
factor, nitric oxide, improves endothelium-dependent vasodila-
tion in hypercholesterolemic humans. Vascular reactivity was
measured in the forearm resistance vessels of 11 normal sub-
jects (serum LDL cholesterol = 2.76±0.10 mmol/liter) and 14
age-matched patients with hypercholesterolemia (serum LDL
cholesterol = 4.65±0.36 mmol/ liter, P < 0.05). The vasodila-
tive response to the endothelium-dependent vasodilator, meth-
acholine chloride, was depressed in the hypercholesterolemic
group, whereas endothelium-independent vasodilation, induced
by nitroprusside, was similar in each group. Intravenous admin-
istration of L-arginine augmented the forearm blood flow re-
sponse to methacholine in the hypercholesterolemic individ-
uals, but not in the normal subjects. L-arginine did not alter the
effect of nitroprusside in either group. D-arginine had no effect
on forearm vascular reactivity in either group. It is concluded
that endothelium-dependent vasodilation is impaired in hyper-
cholesterolemic humans. This abnormality can be improved
acutely by administration of L-arginine, possibly by increasing
the synthesis of endothelium-derived relaxing factor. (J. Clin.
Invest. 1992. 90:1248-1253.) Key words: L-arginine * choles-
terol * endothelium * endothelium-derived relaxing factor * limb
blood flow

Introduction

The endothelium plays a pivotal role in maintaining homeosta-
sis of the blood vessels. It synthesizes biologically active sub-
stances that regulate vascular tone, modulate blood cell-vessel
wall interaction, prevent thrombosis, and influence smooth
muscle cell growth ( 1 ). Important among these vasoactive sub-
stances is endothelium-derived relaxing factor (EDRF),l
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1. Abbreviations used in this paper: EDRF, endothelium-derived relax-
ing factor.

which is capable of inducing vasodilation and inhibiting plate-
let aggregation (2, 3). EDRFhas been shown to be nitric oxide
or a labile nitroso compound that liberates nitric oxide (4-6).
As is the case with other nitrovasodilators, EDRFcauses vaso-
dilation by stimulating the activity of soluble guanylate cyclase
within the vascular smooth muscle, thereby elevating tissue
levels of cyclic GMP(7). EDRFis derived from the terminal
guanidino nitrogen of L-arginine (7-9). The exact mechanism
whereby L-arginine is metabolized to nitric oxide in the endo-
thelium is not known, but a soluble enzyme(s) requiring
NADPH, calcium, and calmodulin as cofactors is involved
(10, 11).

A substantial amount of experimental evidence exists indi-
cating that hyperlipoproteinemia impairs endothelium-depen-
dent vasorelaxation, even before the development of atheroscle-
rosis ( 12-23). Wehypothesized that administration of L-argin-
ine may increase synthesis of EDRF and thereby improve
endothelium-dependent vasodilation in hypercholesterolemia.
Indeed, our earlier studies conducted in cholesterol-fed rabbits
support this contention (20, 24, 25). In this report, we present
data that extend these observations and demonstrate that L-ar-
ginine augments endothelium-dependent vasodilation in fore-
arm resistance vessels of hypercholesterolemic humans.

Methods

Subjects. The control subject population in this study included 11 nor-
mal volunteers comprising 10 males and 1 female. Their ages ranged
from 31 to 49 and averaged 39±2 yr. Normalcy was determined by a
careful history, physical examination, and laboratory analysis to ex-
clude individuals with hematologic, renal, or hepatic dysfunction.
There were 14 patients with hypercholesterolemia. Hypercholesterol-
emia was defined as a serum LDL cholesterol level greater than the
75th percentile adjusted for age and sex. These individuals included 11
males and 3 females whose ages ranged from 22 to 48 and averaged
38±2 yr. The ages of the normal volunteers and patients with hypercho-
lesterolemia were not significantly different. None of the patients had
historical evidence of atherosclerosis as determined by the absence of
symptoms of angina, claudication, or cerebrovascular ischemia, nor
clinical evidence of arterial occlusive disease as would be suggested by
decreased pulses, asymmetric blood pressure, or bruits. In addition, no
patient had hypertension, diabetes mellitus, or congestive heart failure.
None of the subjects were taking diuretics, vasoactive medications, or
nonsteroidal antiinflammatory medications. This study was approved
by the HumanResearch Committee of Brigham and Women's Hospi-
tal and each subject gave written informed consent.

Experimentalprotocol. Each subject was studied in a 23°C tempera-
ture-controlled room in the postabsorptive state. Alcohol, caffeine, and
cigarettes were all prohibited within 12 h of the study. Under local
anesthesia and sterile conditions, a polyethylene catheter was inserted
into a brachial artery of each subject for determination of blood pres-
sure and for infusion of drugs. A separate polyethylene catheter was
inserted into the antecubital vein for infusion of L-arginine. The vascu-
lar research laboratory was quiet and lights were dimmed. All subjects
rested at least 30 min after catheter placement to establish a stable
baseline before data collection.

1248 M. A. Creager, S. J. Gallagher, X. J. Girerd, S. M. Coleman, V. J. Dzau, and J. P. Cooke

J. Clin. Invest.
© The American Society for Clinical Investigation, Inc.
0021-9738/92/10/1248/06 $2.00
Volume 90, October 1992, 1248-1253



During the control period, measurements of forearm blood flow
and blood pressure were repeated every 10 min until stable. Dextrose
5%was infused intraarterially at a rate of 0.4 ml/min during the con-
trol period. To determine the maximal vasodilative potential of the
resistance vessels, forearm blood flow was measured in the basal state
and during reactive hyperemia after 5 min of an ischemic stimulus.
Ischemia was induced by inflation of a sphygmomanometric cuff on
the upper arm to suprasystolic pressure. Abnormalities in reactive hy-
peremic blood flow often imply structural problems in the resistance
vessels preventing maximal vasodilation. Forearm blood flow measure-
ments were repeated until basal conditions were reestablished.

The protocol used to examine forearm vascular reactivity in nor-
mal subjects and patients with hypercholesterolemia had been reported
previously (22). To assess specifically endothelium-dependent vasodi-
lation, methacholine chloride (a congener of acetylcholine) was ad-
ministered via the brachial artery. Forearm blood flow was measured
during infusion of methacholine chloride at concentrations of 0.3, 3,
and 10 gg/min each for 3 min, delivered at a rate of 0.4 ml/min. To
distinguish abnormalities in endothelial function from abnormalities
of vascular smooth muscle, subjects received an intraarterial infusion
of sodium nitroprusside. This agent, which acts directly on vascular
smooth muscle by stimulating soluble guanylate cyclase and inducing
hyperpolarization, was given at doses of 0.3, 3, and 10 ,ug/min at a rate
of 0.4 ml/min, each for 3-min period. The order of administration for
methacholine chloride and sodium nitroprusside was randomized for
each subject. Basal conditions were reestablished before each interven-
tion. The doses of each drug were chosen to achieve decreases in fore-
arm vascular resistance without causing systemic effects. Dose-re-
sponse curves were generated for each drug infusion.

After completion of the methacholine chloride and sodium nitro-
prusside infusions, all normal subjects and 10 individuals with hyper-
cholesterolemia were given L-arginine intravenously at a rate of 10
mg/kg per min. This dose had been used in our previous study in
rabbits (20). L-arginine was administered for a 20-min period to evalu-
ate the effects of L-arginine alone on forearm blood flow and vascular
resistance. The infusion of L-arginine was then continued during re-
peated intraarterial infusions of methacholine chloride and sodium
nitroprusside. The order of drug administration again was randomized.

D-arginine, the enantiomer of L-arginine, is not a precursor of
EDRF. Thus, to ensure that any observed effects of L-arginine were due
to its contribution to the synthesis of EDRFand not just secondary to
its physiochemical properties, five individuals with hypercholesterol-
emia received i-arginine, 10 mg/kg per min intravenously in a proto-
col identical to that described for L-arginine. One of these subjects had
received L-arginine on a separate day.

Hemodynamic measurements. Bilateral forearm blood flow was
determined by venous occlusion strain gauge plethysmography, using
calibrated mercury-in-silastic strain gauges, and expressed as ml/ 100
ml tissue per min (D. E. Hokanson Inc., Issaquah, WA) (26). Each
arm was supported above heart level. Venous occlusion pressure aver-
aged 35±5 mmHg.Circulation to the hand was prevented by inflating a
wrist cuff to suprasystolic pressure before each forearm blood flow de-
termination. Determination of forearm blood flow comprised at least
five separate measurements performed at 10-15-s intervals. By mea-
suring blood flow in the infused arm one can determine the direct effect
of the vasoactive drug. By measuring blood flow in the noninfused arm,
one can be assured that systemic effects have not occurred if no change
in blood flow developed during the drug infusion. Forearm vascular
resistance was calculated as the ratio of meanblood pressure to forearm
blood flow and expressed as units reflecting mmHgper ml/ 100 ml
tissue per min.

Blood pressure was measured via an intraarterial cannula which
was attached to a pressure transducer (P23; Statham, Gould, Inc., Ox-
nard, CA) aligned to an amplifier on a physiologic recorder (Gould
Inc.). Heart rate was determined from a simultaneously obtained elec-
trocardiographic signal and calculated from the R-R interval.

Arginine and insulin assays. Venous blood was withdrawn during
the baseline period and at completion of the arginine infusion for deter-

mination of plasma arginine and insulin concentrations. Arginine in-
creases secretion of insulin, a hormone that has intrinsic vasoactive
effects (27, 28). Plasma arginine concentration was measured with an
amino acid analyzer (model 7300; Beckman Instruments, Inc., Palo
Alto, CA). Insulin concentration was determined by radioimmunoas-
say (Coat-A-Count Kit; Diagnostic Product Corp., Los Angeles, CA).

Statistical analysis. Results are presented as means±SE. Analysis
of variance for independent groups was employed to compare the re-
sponses to the drug infusions between the normal and hypercholestero-
lemic groups. Single factor repeated measures analysis of variance fol-
lowed by a Newman-Keuls post-hoc test was used to evaluate the effect
of each drug within a group. Student's t test was used to compare pAired
data only. For data determined to have a nonparametric distribution,
the Wilcoxon Rank Sumand Signed Rank tests were used to analyze
results between and within groups, respectively. Statistical significance
was accepted at the 95% confidence interval, P < 0.05.

Results

The pertinent biochemical and hemodynamic characteristics
of the two groups of subjects are provided in Tables I and II. As
defined by enrollment criteria, the plasma total cholesterol and
LDL cholesterol were significantly higher in the hypercholes-
terolemic patients than in the normal subjects. There was no
significant difference in the plasma HDL cholesterol, VLDL
cholesterol, or triglyceride levels between the two groups of
subjects. Baseline blood pressure, heart rate, forearm blood
flow, and forearm vascular resistance did not differ between
normal and hypercholesterolemic subjects. Furthermore, there
was no significant difference in reactive hyperemic forearm
blood flow or minimal forearm vascular resistance between the
two groups.

Vasodilative responses to methacholine and nitroprusside.
Intraarterial infusion of methacholine chloride caused a dose-
dependent and significant increase in forearm blood flow and
decrease in forearm vascular resistance in both normal and
hypercholesterolemic subjects. In the hypercholesterolemic
subjects, however, cholinergic vasodilation was attenuated
compared to normal subjects (P < 0.05) (Fig. 1). The differ-
ences between the groups were significant at doses exceeding
0.3 gg/min. The maximal forearm blood flow response to
methacholine in normal subjects was 19.0±1.9 ml/ 100 ml of
tissue per min, and in hypercholesterolemic subjects, it was
13.7±1.7 ml/ 100 ml of tissue per min (P < 0.05). Similarly,
forearm vascular resistance was significantly greater in the hy-
percholesterolemic subjects than in the normal subjects at the 3
,gg/min (13.9±3.4 vs 6.8±0.8 U, P < 0.05) and 10 ,gg/min
doses (8.3±2.0 vs 4.9±0.7 U, P< 0.05). Nochanges in forearm

Table 1. Lipid Profile in Normal and
Hypercholesterolemic Subjects

Normal Hypercholesterolemic

Total cholesterol 4.22±0.16 (163±6) 6.39±0.36 (247±14)*
LDL cholesterol 2.76±0.10 (107±4) 4.65±0.36 (180±14)*
HDLcholesterol 0.96±0.08 (37±3) 0.93±0.05 (36±2)
VLDL cholesterol 0.65±0.10 (25±4) 1.01±0.21 (39±8)
Triglyceride 1.41±0.21 (125±19) 2.21±0.45 (196±40)

Values in millimoles per liter, (milligrams per deciliter) are expressed
as mean±SE. *P < 0.05 vs. normal subjects.
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Table 2. Baseline Characteristics of Normal and
Hypercholesterolemic Subjects

Normal Hypercholesterolemic

Heart rate (beats/min) 57±3 61±2
Mean arterial pressure (mmHg) 84±2 87±3
Basal forearm blood flow

(ml/ 100 ml tissue per min) 3.0±0.5 2.3±0.3
Basal forearm vascular resistance (units) 36±6 43±5
Reactive hyperemic forearm blood flow

(ml/l00 ml tissue per min) 29±2 27±2
Minimal forearm vascular resistance

(units) 3.0±0.3 3.3±0.3

Values are expressed as mean±SEM. There was no significant differ-
ence between groups for any hemodynamic variable.

blood flow occurred in the noninfused arm in either subject
group. In addition, intraarterial infusion of methacholine chlo-
ride caused no changes in blood pressure or heart rate in either
group of subjects.

Infusion of sodium nitroprusside also increased forearm
blood flow and decreased forearm vascular resistance in nor-
mal and hypercholesterolemic subjects. In contrast to the at-
tenuated response to methacholine chloride observed in the
hypercholesterolemic patients, the effects of sodium nitroprus-
side on forearm blood flow and forearm vascular resistance did
not differ significantly between normal and hypercholesterole-
mic subjects (Fig. 2). At a dose of 10 ,g/min, forearm blood
flow was 12.8+±1.3 and 10.3± 1.0 ml/ 100 ml of tissue per min,
and forearm vascular resistance was 7.0±0.8 and 9.2±1.1 U in
normal and hypercholesterolemic subjects, respectively (each
P = NS). No changes in forearm blood flow or forearm vascu-
lar resistance occurred in the noninfused arm of either group of
subjects. Taken together, these data demonstrate that endothe-
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Figure 2. The forearm blood flow response to intraarterial infusion of
sodium nitroprusside in normal (n = 11 ) and hypercholesterolemic
(n = 14) subjects. There was no significant difference in the dose-re-
sponse relationship between the two groups. A, Hypercholesterolemic;
o, normal.

lium-dependent vasodilation is impaired in patients with hyper-
cholesterolemia.

Effect of L-arginine on endothelium-dependent vasodila-
tion. L-arginine, when infused alone, did not affect blood pres-
sure, heart rate, forearm blood flow, or forearm vascular resis-
tance in either group of subjects. In the normal subjects, L-ar-
ginine did not potentiate the vasodilation that occurred during
the administration of methacholine chloride (Fig. 3). In the
hypercholesterolemic subjects, however, the L-arginine infu-
sion augmented the vasodilative response to methacholine chlo-
ride. The increase in forearm blood flow was greater at the 3 (P
< 0.05) and 10 ,gg/min doses (P < 0.01) (Fig. 4). L-arginine
did not potentiate the vasodilation caused by sodium nitro-
prusside in either normal or hypercholesterolemic subjects.
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Figure 1. The forearm blood flow responses to intraarterial infusion of
methacholine chloride in normal (n = 11 ) and hypercholesterolemic
(n = 14) subjects. Cholinergic vasodilation w'as less in the hypercho-
lesterolemic group than in the normal group. The difference between
groups was significant at the 3 and 10 ggg/min doses. A, Hypercholes-
terolemic; o, normal; *P < 0.05.
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Figure 3. The effect of intravenous L-arginine on the forearm blood
flow response to intraarterial methacholine chloride in normal sub-
jects (n = 11 ). L-arginine did not potentiate the vasodilation that oc-
curred during the administration of methacholine chloride. o,
Pre-L-arginine;.*, post-L-arginine.
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Effect ofD-arginine on vasodilation in hyperchoj
subjects. Basal values for blood pressure, heart ra
blood flow, and forearm vascular resistance were
cantly different between the hypercholesterolen
who received r-arginine and those who received
Intravenous infusion of D-arginine had no effect
these hemodynamic measurements. The forearm
sponses to methacholine (Fig. 5) and sodium n
were not altered significantly by D-arginine.

Plasma arginine and insulin concentrations.
infusion of L-arginine increased the plasma conc
arginine from 102±5 to 8,172±122 AM/liter in
subjects (n = 4) and from 106±9 to 7,157±472 AM
hypercholesterolemic subjects (n = 3). D-arginir
plasma arginine concentration from 84±29 to 9,99
liter in the hypercholesterolemic subjects (n = 2)
infusion of L-arginine, serum insulin concentrati(
from 9±1 to 38±2 AU/ml in normal subjects (a
from 12±1 to 48±15 AU/ml in the hypercholestei
jects (n = 3). WhenD-arginine was administered
lesterolemic individuals, serum insulin levels inc
18±4 to 47±13 pLU/ml (n = 5). The magnitude c
serum insulin concentration was comparable durih
ginine and D-arginine infusions.

Discussion

The important findings in this study are: (a) endc
pendent vasodilation is abnormal in forearm resist
of hypercholesterolemic humans; and (b) intraven4
tration of L-arginine improves endothelium-depen
lation in these individuals. This discussion will p
tional evidence that hypercholesterolemia impa
lium-dependent vasodilation, examine the role of i
the synthesis of EDRF, review data from previoi
animals that support our observations in humans,
the clinical implications of our findings.

Abnormal endothelium-dependent vasorelaxat
cholesterolemia. A cholesterol-enriched diet is o
induce atherosclerosis in certain species. Aortae i
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Figure 5. The effect of intravenous D-arginine on the forearm blood
flow response to intraarterial methacholine chloride in hypercholes-
terolemic subjects (n = 5). D-arginine did not potentiate cholinergic
vasodilation. n, Pre-D-arginine; *, post-D-arginine.

ng both L-ar- cholesterol-fed rabbits with atherosclerosis relax less to the en-

dothelium-dependent vasodilator acetylcholine, than aortae
from control rabbits, whereas endothelium-independent vaso-
dilation is generally preserved (29, 30). Similarly, endothe-
lium-dependent vasorelaxant responses to acetylcholine and

)thelium-de- thrombin are attenuated in iliac arteries excised from cynomol-
tance vessels gus monkeys with diet-induced atherosclerosis (31 ). Likewise,
ous adminis- atherosclerotic human coronary arteries respond abnormally
kdent vasodi- to intracoronary infusion of acetylcholine, but not nitroglyc-
orovide addi- erin (32, 33). Multivariate analysis suggests that hypercholes-
irs endothe- terolemia is one of the most important factors predicting ab-
L-arginine in normal endothelial function in these vessels (34). It may be
us studies in inferred from these studies that hypercholesterolemia impairs
and consider endothelial function; however, interpretation is confounded by

the presence of morphologic changes due to atherosclerosis.
tion in hyper- To circumvent this problem, several groups of investigators
often used to have examined the direct effect of lipoproteins in vitro and
solated from reported that incubation of normal vascular strips with LDL

cholesterol inhibit endothelium-dependent vasorelaxation
( 12-14). Chronic in vivo exposure to high levels of cholesterol
also inhibit endothelium-dependent relaxation of excised por-
cine coronary arteries, even when there is no histologic evi-
dence of atherosclerosis ( 15, 16). Furthermore, endothelium-
dependent vasodilation is abnormal in hind limb, cremasteric,

/** and coronary resistance vessels of cholesterol-fed rabbits ( 17-
T 21). Wehave reported previously that vasodilative function is

,A / impaired in the forearm resistance vessels of hypercholesterole-
* / mic humans (22). Unlike the larger arteries, the walls of resis-

tance vessels do not develop atheroma ( 18, 21 ). Thus, hyper-
cholesterolemia can adversely affect endothelial function in the
absence of atherosclerosis.

The precise mechanism by which hypercholesterolemia im-
pairs endothelium-dependent vasodilation is not known. Po-

3 10 tential explanations for this phenomenon include reduced syn-
thesis or release of EDRF, increased degradation of EDRF, and

tin) competing vasoconstrictive stimuli (35-38).
orearm blood L-arginine augments endothelium-dependent vasodilation.
iypercholes- If hypercholesterolemia reduces the synthesis and/or release of
)linergic vaso- EDRF, or otherwise limits its availability, endothelium-depen-
Lne;* P < 0.05; dent vascular responses possibly may be restored by supplying

the precursor of EDRF, L-arginine. Normally, L-arginine does
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not affect endothelium-dependent vasorelaxation, indicating
that intracellular stores of L-arginine are sufficient to saturate
the enzyme responsible for EDRF synthesis (20, 39-42).
Under certain conditions, however, exogenous L-arginine is re-
quired to normalize endothelium-dependent relaxation. For
example, bovine aortic endothelial cells cultured in medium
deficient in L-arginine release little EDRF, as detected by bioas-
say and chemiluminescence studies. WhenL-arginine is added
to these cells, increased amounts of EDRFare released (43).
Also, endothelium-dependent vasorelaxation is markedly re-
duced in isolated vessels after either prolonged tension or expo-
sure to calcium ionophore, presumably due to overutilization
of intracellular L-arginine stores (44-46). Addition of L-argin-
ine restores endothelium-dependent relaxation. Antagonists of
EDRFsynthesis, such as N0-monomethyl-L-arginine, attenu-
ate endothelium-dependent relaxation in vitro and in vivo
(40-42,47). Normal responses return after the administration
of L-arginine. For these reasons, we have hypothesized that
administration of exogenous L-arginine may correct impaired
endothelium dependent vasodilation caused by hypercholester-
olemia.

In this regard, we performed a series of experiments in cho-
lesterol-fed rabbits. In one study, endothelium-dependent and
independent vasodilation of perfused basilar arteries was exam-
ined in vitro (24). After incubation of the vessels with L-argin-
ine, endothelium-dependent vasodilation was normalized in
the vessels harvested from the hypercholesterolemic animals.
In a second set of experiments performed in vivo, intravenous
administration of L-arginine improved endothelium-depen-
dent vasodilation in the hind limb resistance vessels of choles-
terol-fed, but not control, rabbits (20). L-arginine did not affect
endothelium-independent vasodilation in either group of rab-
bits. In a third study, we found that endothelium-dependent
vasodilation was preserved in aortae excised from cholesterol-
fed rabbits who received L-arginine in vivo, but was blunted in
those rabbits who received vehicle (25).

The current study extends these observations to humans.
L-arginine augmented endothelium-dependent vasodilation
induced by methacholine in the hypercholesterolemic group
but not in the normal subjects. An effect of L-arginine on endo-
thelium-independent vasodilation can be excluded since the
vasodilative response to sodium nitroprusside was not poten-
tiated. The fact that D-arginine had no effect on endothelium-
dependent vasodilation is consistent with our understanding
that L-arginine is a specific substrate for the synthesis of nitric
oxide in vivo.

Several circumstances may explain why L-arginine aug-
ments endothelium-dependent vasodilation in the hypercho-
lesterolemic subjects. Hypercholesterolemia may cause intra-
cellular depletion of L-arginine by reducing transmembrane
transport. Alternatively, increased degradation of EDRFmay
drive the synthetic pathway until arginine stores are depleted.
Finally, there may be reduced substrate affinity for the enzyme,
EDRFsynthase. Our results demonstrate that L-arginine re-
stores endothelial function acutely in hypercholesterolemic
subjects, but does not specifically address which ofthese mecha-
nisms may be responsible for the abnormal vasodilator func-
tion in these individuals.

It is possible that L-arginine increased forearm blood flow
by a mechanism unrelated to nitric oxide synthesis. For exam-
ple, L-arginine increases insulin release from pancreatic islet
cells (27). An increase in serum insulin levels might potentially
increase forearm blood flow, as limb vasodilation has been

shown to occur during intraarterial insulin infusion in man
(28). In this study, however, serum insulin concentration in-
creased similarly during the infusions of r-arginine and L-ar-
ginine, yet only L-arginine potentiated the blood flow response
to methacholine, and only in the hypercholesterolemic sub-
jects. Thus, it is unlikely that increased insulin release can ex-
plain the potentiated vasodilator response to L-arginine in hy-
percholesterolemic subjects.

It is also unlikely that vasodilator prostaglandins contrib-
uted to the observed forearm hemodynamic responses to meth-
acholine. Weand others have previously examined the forearm
vasodilative response to methacholine or acetylcholine before
and after administration of either aspirin or indomethacin (22,
48, 49). These cyclooxygenase inhibitors did not affect cholin-
ergic-induced vasodilation.

Clinical implications. This study confirms previous obser-
vations in animals and humans that hypercholesterolemia im-
pairs endothelium-dependent vasodilation. The principal new
observation is that this abnormality can be improved acutely
by administration of L-arginine. The major implication of our
results is that the defect is reversible. Thus, it maybe possible to
develop long-term strategies to correct abnormal endothelial
function caused by hypercholesterolemia. L-arginine is a semi-
essential amino acid that is found in high concentrations in
fish, poultry, and beans. It is conceivable that a diet enriched
with L-arginine may prevent abnormal endothelial function in
patients with hypercholesterolemia. In animals, altering the
lipid milieu by administration of fish oil, or reducing high cho-
lesterol levels by diet or administration of a hepatic hydroxy-
methyl glutaryl CoA reductase inhibitor has been shown to
improve endothelium dependent vasodilation (31, 50, 51).
Whether these interventions will be effective in humans is not
yet established.

EDRFnot only causes vasodilation, but it also inhibits
platelet aggregation and suppresses vascular smooth muscle
proliferation. Hence, in the presence of hypercholesterolemia,
impaired synthesis or release of EDRFmay promote abnormal
platelet-vascular wall interaction, possibly facilitating the up-
take and activation of circulating macrophages as well as the
expression of endogenous mitogens, and thereby contributing
to the development of atherosclerosis (52). It is intriguing to
speculate that chronic dietary or therapeutic interventions can
be instituted in hypercholesterolemic humans that will pre-
serve endothelial function and obviate the pathologic conse-
quences of hypercholesterolemia.
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