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Abstract: Background: Decreased nitric oxide (NO) bioavailability and increased lipid oxidation are associated with pro-
gressive endothelial dysfunction. L-Citrulline, the effective precursor of L-arginine which is essential as a substrate for
endothelial NO synthase (eNOS), is effective in enhancing NO-dependent signaling. However, little is known about the
efficacy of L-citrulline supplementation on lipoprotein oxidation and endothelial dysfunction.

Methods: Twenty-two patients (aged 41 - 64 years old) diagnosed with vasospastic angina with flow-mediated dilation
(FMD) of the brachial artery (< 5.5 %) received 800 mg/day of L-citrulline for 8 weeks. FMD (%), blood NOx, asymmet-
ric dimethylarginine (ADMA), small dense LDL, oxidized lipids, amino acids concentrations were measured before and

after supplementation.

Results: Compared with baseline values, FMD (%) was significantly improved at 4 and 8 weeks as well as at 4 weeks af-
ter the end of intake. L-Citrulline supplementation caused a significant lowering of plasma ADMA levels. Plasma L-
arginine/ADMA ratio and NOx levels rose markedly throughout the study period. Moreover, significant reductions of se-
rum oxidized LDL and lectin-like oxidized LDL receptor 1 (LOX-1) ligand containing ApoB (LAB), an indicator of the
biological activity of oxidized lipoprotein binding to LOX-1, were observed after L-citrulline intake.

Conclusions: L-Citrulline supplementation improves endothelial dysfunction, probably due to potentiating NO-dependent
reactions and decreasing the state of lipoprotein oxidation in humans.

Keywords: Asymmetric dimethylarginine, endothelial dysfunction, flow-mediated dilation, L-Citrulline, nitric oxide, oxidized

LDL.

INTRODUCTION

Endothelial dysfunction is one of the initial factors in
cardiovascular events, and is involved in other pathological
conditions such as renal disorders, diabetes mellitus, and
systemic hypertension [1, 2]. Growing evidence suggests
increased oxidative stress to be associated with high levels of
oxidized low density lipoprotein (LDL), which induces a
wide variety of cellular responses, including induction of
adhesion molecules, and accounts for significant advance-
ment of endothelial impairment [3].

Coronary vascular endothelium modulates vascular stiff-
ness through the release of vasodilating and vasoconstricting
molecules. Nitric oxide (NO), which is a major endothelium-
derived relaxing factor (EDRF) that is generated from L-
arginine by endothelial NO synthase (eNOS), plays an im-
portant role in the regulation of endothelium-dependent
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vasodilatation [4-6]. Reduced NO bioavailability caused by
endothelial impairment is associated with atherosclerotic
coronary artery disease. The results of several clinical studies
in which L-arginine was orally administered suggest the po-
tential for therapeutic or preventive strategies to combat car-
diovascular diseases by restoring physiological levels of NO
and augmenting NO-dependent signalling [7-9], however,
relatively large doses of 5 - 15 g/day would be required to
improve endothelial function in humans.

L-Citrulline is a colorless, water-soluble a-amino acid
that is a potent endogenous precursor of L-arginine. L-
Citrulline from dietary supplementation enters the kidney,
vascular endothelium, and other tissues [10]. It is then con-
verted to L-argininosuccinate by argininosuccinate synthase
and subsequently to L-arginine by argininosuccinate lyase,
thus contributing to the elevation of plasma and tissue levels
of L-arginine [10, 11]. A recent study reported that oral in-
take of L-citrulline dose-dependently increased plasma L-
arginine levels in healthy human volunteers more effectively
than equivalent doses of L-arginine [12]. L-Citrulline can
therefore be considered an effective precursor of L-arginine.
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A recent study demonstrated that oral supplementation
with L-citrulline upregulates endothelial eNOS expression,
causes dramatic regression in atheromatous lesions and plays
an inhibitory role in the progression of atherosclerosis in
animal models [13, 14]. Moreover, we and others have re-
vealed in clinical trials that L-citrulline supplementation
functionally improves arterial stiffness [15], causes a reduc-
tion in the heart-rate corrected QT interval as a marker of
sudden cardiac death [16], and decreases ankle blood pres-
sure and carotid wave reflection [17]. L-Citrulline may thus
be considered a useful ingredient for protecting against athe-
rosclerotic coronary artery disease.

However, there are few reports describing the benefit of
L-citrulline on the impairment of endothelial function and
oxidative stress, a fundamental part of the progression of
vascular disorders. The present study, therefore, was under-
taken to investigate the effects of L-citrulline on endothelial
dysfunction and lipid oxidation in patients with vasospastic
angina, a clinical syndrome caused by coronary disorders.
The influence on asymmetric dimethylarginine (ADMA),
which is an endogenous competitive inhibitor of eNOS and a
strong predictor of adverse cardiovascular outcomes [18],
was also assessed.

METHODS
Subjects

This study included 25 subjects with vasospastic angina,
screened from 34 patients after an initial physical examina-
tion, blood tests, and urinary analysis. Three were excluded
for reasons of physical conditions not related to the present
study; hense, we studied 22 subjects (aged 41 - 64 years old).
They had impaired flow-mediated dilation (FMD) of the
brachial artery (< 5.5 %) at the cutoff value for cardiovascu-
lar risk prediction [19]. The patients were advised not to
change any medical therapy that had continued for several
years or longer. The exclusion criteria included diabetes,
liver or kidney disease, defects in amino acid metabolism,
and serious coronary stenosis as assessed by a catheterization
and CT check. None of the subjects were taking any supple-
ments, amino acids, or vitamins. Written informed consent
was obtained from each subject after the experimental pro-
cedures and information on L-citrulline had been fully ex-
plained. Subject recruitment, informed consent procedures,
and all the experimental methods were approved by the
Clinical Research Ethical Committee at Tsukiji Futaba
Clinic and were conducted in compliance with the principles
of the Declaration of Helsinki.

Study Design

After baseline measurements, including FMD, blood
tests, and urinary analysis, the subjects received 800 mg/day
of L-citrulline (KYOWA HAKKO BIO CO., LTD., Tokyo,
Japan) orally in capsule form, for 8 weeks in an open-label
trial. The daily dose was taken at night before going to bed.
Blood samples were drawn before supplementation, then
after 4 and 8 weeks, and at 4 weeks after the end of the sup-
plementation (follow-up period, 12 weeks in total) to deter-
mine plasma NOx (nitrite + nitrate), ADMA, amino acids,
hematological and biochemical markers, and serum oxidized
lipids. Endothelial function was assessed by using FMD

measurement on the same day as the blood collection. Sub-
jects were asked to refrain from drinking alcohol for 48 h
before the measurement day. All sampling processes were
carried out in the morning after overnight fasting.

Evaluation of Endothelial Function

In most clinical studies, endothelial function is evaluated
by FMD measurement [8, 9, 12, 19], an index that represents
endothelium-mediated dilation in response to the local
bioavailability of NO. FMD measurements were performed
in the morning in a quiet temperature-controlled room (22 -
26 °C) after overnight fasting, as shown previously [8, 9],
using an ultrasonography system with a linear-array 10-MHz
transducer (UNEXEF18G; UNEX Corporation, Nagoya,
Japan). Briefly, following 10 minutes’ rest, arterial diameters
were scanned at the baseline and during reactive hyperemia.
To induce reactive hyperemia, a pneumatic cuff, set to a
pressure calculated as 50 mmHg plus the patient’s systolic
blood pressure was placed on the right forearm for 5 min.
After releasing the pneumatic cuff, the brachial diameter was
measured continuously for 2 min, and FMD was determined
as the percentage change in diameter after the release of the
ischemia cuff compared with the baseline. The same experi-
enced investigator performed all the measurements.

Clinical and Biological Analysis of Blood

Blood samples were collected into heparinized tubes as
plasma or collection tubes containing serum separator gel as
serum and immediately centrifuged to obtain the supernatant.
Plasma NOx (nitrite + nitrate) was measured by NO-detector
high performance liquid chromatography (HPLC) (ENO10;
Eicom, Kyoto, Japan) [13]. Concentrations of amino acids
and ADMA in plasma were determined using an amino acid
analyzer (JLC-500/V; JEOL, Tokyo, Japan) and HPLC sys-
tem after deproteinization, as described previously [18, 20].
Serum small dense LDL was assayed by quantitative tech-
nique for LDL subfractionation using the lipoprint LDL sys-
tem [21]. Serum oxidized LDL, lectin-like oxidized LDL
receptor 1 (LOX-1) ligand containing ApoB (LAB), an indi-
cator of the biological activity of oxidized lipoprotein bind-
ing to LOX-1, and soluble LOX-1 (sLOX-1) which reflects
its cellular expression levels, were quantified using a high-
sensitivity ELISA system based on immobilized recombinant
human LOX-1 and antihuman LOX-1 antibody respectively,
as previously published [22]. We also calculated the LOX
index, a novel predictive marker for coronary heart disease,
by multiplying serum concentrations of sSLOX-1 by those of
LAB [22]. For the measurement of plasma concentrations of
glucose, lipids (total cholesterol, triglycerides, LDL choles-
terol, HDL cholesterol), parameters for liver and renal func-
tion (aspartate aminotransferase, alanine aminotransferase,
lactate dehydrogenase, total protein, albumin, y-glutamyl-
transpeptidase, creatinine, alkaline phosphatase, urea nitro-
gen) and hematological markers (leukocytes, erythrocytes,
Hb, platelets), blood samples were transported to Mitsubishi
Chemical Medience Corporation (Tokyo, Japan) and deter-
mined using their standard laboratory methods.

Statistical Analysis

Data are presented as means + SEM. The paired #-test
(two-sided) and Wilcoxon signed-ranks test were used to test
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Table 1. Baseline characteristics and changes in physical parameters during the study period.

Morita et al.

Intake Follow-up
Study Period (Week)
Baseline 4 8 12
Age (years) 57.0+1.3 — — —
Sex (Male/Female) TM, 15 F

Height (cm) 159.7+1.7 — — —

Weight (kg) 57.2+2.1 — — —

Body mass index (kg /m®) 22.4+0.7 — — —
Systolic blood pressure (mmHg) 117.0£2.9 1149+2.6 117.9+2.7 117.1+£2.8
Diastolic blood pressure (mmHg) 69.0+ 1.8 68.2+1.7 679+1.6 66.1 1.8
Heart rate 68.7+2.7 65.6+2.8 65.5+2.7 659+2.7

Values are expressed as mean with their standard errors. n =22.

for statistical significance between the study and baseline
results. Statistical comparisons between the baseline and
sequential values were analyzed using Bonferroni’s test fol-
lowing one-way ANOVA. A p-value of less than 0.05 was
considered to indicate significance. Statistical analysis was
performed with Statcel software for Windows (Version 2,
OMS Publishing, Inc., Saitama, Japan) and the ystat 2000
Statistical Program File (Igaku Tosho Shuppan, Tokyo, Ja-

pan).

RESULTS

The baseline characteristics and changes in physical pa-
rameters in the subjects throughout the study period are
given in Table 1. There were no significant differences be-
tween baseline and supplementation period. None of the sub-
jects experienced clinically relevant or any side effects.

Table 2 shows the changes in blood biochemical and he-
matological markers, amino acids, NOx levels before and
after L-citrulline supplementation. L-Citrulline supplementa-
tion significantly increased plasma L-arginine concentrations
at 8 weeks compared with the baseline. A marked but not
statistically significant increase in plasma NOx levels were
observed after supplementation. The other markers assessed
did not differ between before and after the study period, ex-
cept for a slight but significant change in HDL cholesterol
levels within the normal range.

The changes in serum concentrations of small dense LDL
and biochemical markers related to oxidized lipoprotein are
summarized in Table 3. L-Citrulline supplementation re-
sulted in a significant reduction in serum levels of oxidized
LDL and LAB as compared with the baseline, while small
dense LDL and sLOX-1 were unchanged. Small changes in
the LOX index were observed after L-citrulline supplementa-
tion, but were not statistically significant.

Fig. 1 shows the effects of L-citrulline on plasma ADMA
concentrations and L-arginine/ADMA ratio. Compared with
the baseline, plasma ADMA was significantly reduced by L-
citrulline supplementation. A significantly improved L-
arginine/ADMA ratio was also observed after oral admini-
stration of L-citrulline.

The changes in FMD (%) before and after L-citrulline
supplementation are given in (Fig. 2). Our subjects showed a
markedly impaired endothelial function at baseline, that was
much lower than the normal value (approximately 8.0 % or
higher) of FMD (%) in healthy people as reported previously
[9, 23]. L-Citrulline supplementation then exerted a signifi-
cant improvement in FMD (%) at 4 and 8 weeks, and main-
tained its effects at 4 weeks after the end of intake.

DISCUSSION

The objective of the present study was to evaluate the in-
fluence of oral L-citrulline intake on lipoprotein oxidation
and endothelial dysfunction in humans with vasospastic an-
gina. The major findings of our trial were that oral admini-
stration of L-citrulline has important beneficial effects in that
it improves endothelial dysfunction and reduces oxidative
stress.

FMD measurement is a well-established method for
studying endothelium-dependent vasodilation in humans. In
our study patients, FMD (%) was considerably impaired, and
was close to or below values seen in coronary artery disease
[19, 23]. In this trial, L-citrulline supplementation signifi-
cantly improved FMD (%).

The endothelium is an important modulator of vascular
tone through many signal molecules [3]. The endothelium-
derived relaxing factor NO is produced from L-arginine by
eNOS. It has been reported that intervention with L-arginine
can improve endothelial dysfunction in humans and animal
models [7-9, 24]. However, the recent literature has reported
no effects of chronic administration of L-arginine [25, 26],
since orally administered L-arginine passes through the gas-
trointestinal tract and is trapped in the hepatic tissue, where
it is extensively catabolized by arginase that also can be in-
duced by dietary L-arginine [10, 27], suggesting its limited
oral bioavailability as a substrate for eNOS. On the other
hand, L-citrulline is an effective precursor of L-arginine and
also suppresses arginase activity as an allosteric inhibitor
[28]. Moreover, extracellular L-arginine, not its intracellular
level, is the major determinant of NO production via the
cationic amino acid transporter 1 (CAT-1) which is localized
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Table 2. Changes in blood biochemical and hematological markers, amino acids, NOx levels before and after L-citrulline supple-

mentation.
Intake Follow-up
Study Period (Week)
Baseline 4 8 12
Glucose (mg/dl) 88.9+2.7 882+1.7 88.7+2.4 88.3+2.1
Total cholesterol (mg/dl) 199.6 +6.7 198.0+6.0 1955+5.6 195.4+6.1
Triglycerides (mg/dl) 109.8 +13.2 1152+12.9 115.0+18.1 1102114
LDL cholesterol (mg/dl) 109.5+5.7 1104+5.4 108.7 £ 4.6 108.4+£5.1
HDL cholesterol (mg/dl) 63.4+3.8 62.0+3.5 59.8+3.5 % 59.7+3.4
AST (IU/1) 21.5+1.1 21.5+£0.9 20.3+£0.9 21.6+1.3
ALT (IU/) 204+£25 20.6+2.2 18.7+£2.0 20.5+£2.8
LDH (1U/1) 203.7+7.5 201.4+73 200.6 +7.0 208.4+74
Total protein (g/dl) 7.6+0.13 7.6+0.12 7.6 £0.09 7.6 £0.08
Albumin (g/dl) 4.6+0.1 46+0.1 45+0.1 45+0.1
y-GTP (IU/1) 29.0+3.3 30.5+4.7 279427 26.9+2.6
Creatinine (mg/dl) 0.7+0.03 0.7+0.03 0.7 +£0.04 0.7 +0.04
ALP (IU/1) 233.2+79 230.1+6.9 228.2+6.5 228.2+83
Urea nitrogen (mg/dl) 13.1+0.6 13.1+0.6 13.2+0.7 13.8+0.7
Leukocytes (ul™) 5618.2+346.9 5822.7+415.0 5377.3 £343.1 5623.8+319.4
Erythrocytes (x10%/pl) 450.6 £ 8.1 4470+ 7.4 4451+7.8 4457+7.6
Hb (g/dl) 13.7+£0.3 13.6 £0.3 13.6 £0.3 13.5+£0.3
Platelet (x10*/ul) 262 +1.1 25.6+1.1 263+1.2 262+1.4
L-Citrulline (umol/l) 402+1.3 404+£1.6 42.1£2.0 42114
L-Arginine (umol/l) 49.1+£2.6 52.8+4.1 56.3+3.7 * 484+39
NOx (pmol/l) 33.0+£34 543+14.1 46.5+10.9 41.7+6.8

Values are expressed as mean with their standard errors. LDL, low density lipoprotein; HDL, high density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; LDH, lactate dehydrogenase; y-GTP, y-glutamyltranspeptidase; ALP, alkaline phosphatase; Hb, hemoglobin. Significant difference from baseline score, *p < 0.05. n =22.

Table 3. Changes in blood concentrations of small dense LDL
and biochemical markers related to oxidized lipopro-
tein at baseline and at 8 weeks.

Study Period
Baseline 8 Weeks
Small dense LDL (mg/dl) 50+£1.8 48+1.9
Oxidized LDL (U/1) 128.2+9.0 113.7+7.6 *
LAB (ng/ml) 3661.4+311.3 3007.3 £206.7 *
Soluble LOX-1 (pg/ml) 1039.0 + 180.5 989.9 +£162.1
LOX-1 index 3544.1 £553.0 2890.6 +462.9

Values are expressed as mean with their standard errors. LDL, low density lipoprotein;
LOX-1, lectin-like oxidized LDL receptor 1; LAB, LOX-1 ligand containing apolipo-
protein B. Significant difference from baseline score, *p < 0.05. n=22.

in the caveolae of endothelial cells, contributing to the up-
take of extracellular L-arginine directly to eNOS [29], al-

though intracellular L-arginine concentration (~ 800 pumol/l
or higher) is the saturated level for the km of eNOS. The
present study showed L-citrulline supplementation to signifi-
cantly increase plasma L-arginine and markedly enhance
NOx levels, as mentioned above. These findings reveal the
role played by L-citrulline in increasing L-arginine levels
and upregulating NO bioavailability.

Our results indicate a significant reduction in plasma
ADMA levels, and a significant improvement in L-
arginine/ADMA ratio, a marker of endothelial dysfunction
[15, 30], after L-citrulline supplementation. In this study,
baseline ADMA levels in patients with vasospastic angina
were 20 % higher than those found in healthy middle-aged
men [15], and similar to those seen in patients with coronary
artery disease [31]. Endothelial dysfunction has been linked
to elevated concentration of ADMA [18, 30]. A previous
clinical study has reported a high correlation between in-
creased plasma ADMA levels and decreased NO-mediated
vasodilation [32]. One study has shown that treatment with
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Fig. (1). Plasma ADMA concentrations (A) and L-arginine/ADMA ratio (B) at baseline and at 8 weeks. The subjects received 800 mg/day of
L-citrulline orally for 8 weeks. Following overnight fasting, blood samples were drawn to analyze plasma ADMA and L-arginine concentra-
tions before and after L-citrulline supplementation. Values are expressed as mean with their standard errors. ADMA, asymmetric dimethy-

larginine. Significant difference from baseline score, **p < 0.01. n = 22.
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Fig. (2). Percent changes in flow-mediated dilation (FMD) of the
brachial artery before and after L-citrulline supplementation. The
subjects received 800 mg/day of L-citrulline orally for 8 weeks.
Endothelial function was assessed using FMD measurement before
supplementation, after 4 and 8 weeks, and at 4 weeks after the end
of supplementation (follow-up period, 12 weeks in total). Values
are expressed as mean with their standard errors. Significant differ-
ence from baseline score, “p < 0.05, **p <0.01. n=22.

watermelon juice, which is rich in L-citrulline, significantly
decreased serum concentration of ADMA in an animal
model of diabetes [14]. In the present study, we speculate
that L-citrulline supplementation elevates L-arginine avail-
ability, ameliorates the interference of ADMA with eNOS,
and thus effectively improves NO signalling.

Oxidative stress has been linked to impaired endothelial
function in atherosclerosis [3, 28]. The activation of adhe-
sion molecules elicited by oxidized LDL and the uptake of
oxidized LDL by macrophages are key steps in the progres-
sion of atherothrombotic cardiovascular diseases [33]. In this
present study, we demonstrated that L-citrulline supplemen-

tation caused significant reduction in serum oxidized LDL
and LAB levels. Small changes in LOX index were also ob-
served as a result of L-citrulline supplementation. Here,
LOX-1 is the receptor for oxidized LDL in endothelial cells,
and upregulated LOX-1 expression is involved in inflamma-
tion as well as atherogenesis [34]. It is strongly suggested
that LAB, which indicates the biological activity of oxidized
lipoprotein binding to LOX-1, is more relevant to athero-
genic risk than oxidized lipids, including oxidized LDL [22].
On the other hand, NO has potent antioxidant properties that
exert anti-inflammatory effects and can inhibit LDL oxida-
tion [35]. It has also been reported that oral administration of
L-citrulline decreased superoxide production from the aorta
in animal models of atherosclerosis [13, 28]. In addition, L-
citrulline itself is an efficient radical scavenger and is a
strong antioxidant [36]. Therefore, the efficacy of L-
citrulline in suppressing lipoprotein oxidation is likely to be
partially mediated by the antioxidant effect of NO. This low-
ering effect of oxidized lipoprotein may play an important
role in improving endothelial dysfunction.

There is growing evidence that small dense LDL is a risk
factor for cardiovascular diseases [37]. In one clinical trial,
the blood levels of small dense LDL, assayed using the lipo-
print LDL system, the same method that we used here, in an
Asian population without coronary artery disease, were gen-
erally below 7 mg/dl [38]. Accordingly, we performed a dif-
ferential analysis in subjects with serum small dense LDL of
> 8 mg/dl (n = 5) for blood concentrations in patients with
diabetes and coronary artery disease [38]. A statistically sig-
nificant decrease in the serum level of small dense LDL was
observed as a result of L-citrulline intake (p < 0.01, data not
shown). It may contribute in a minor way to suppressing the
penetration of this lipoprotein species to the arterial wall.

Interestingly, L-citrulline supplementation improved
FMD (%) at the first time point, 4 weeks, and still main-
tained a marked improvement at 4 weeks after the end of
intake, although plasma L-arginine either did not signifi-
cantly increase or returned to the baseline levels. L-Citrulline
itself is transported into the endothelial cells by neural amino
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acid system N transporter 1 (SN1) [39], and is used as a sub-
strate to form L-arginine. A laboratory study has indicated
that L-citrulline added to cultured endothelial cells sustained
NOS activity and NO production under L-arginine-deficient
conditions [10]. This could provide an explanation in that
direct uptake of L-citrulline by endothelial cells might con-
tribute to improvement of FMD (%) at the basal concentra-
tion of plasma L-arginine. It has also been reported that oral
L-citrulline supplementation caused an up-regulation of
eNOS protein expression in the rabbit aorta [13]. eNOS up-
regulation is an important process for supplying bioavailable
NO to vascular tissue. In our study we speculate that a func-
tionally active form of eNOS might be increased at 4 weeks
by taking L-citrulline and maintained until 12 weeks. In fact,
plasma NOx levels tended to be higher at 4 and 12 weeks,
showing a 65 % and 26 %-increases over baseline respec-
tively. Moreover, the effects of L-citrulline in lowering
blood ADMA and oxidized lipoprotein, both strongly associ-
ated with the maintenance of endothelial function, found at 8
weeks may be sustained until 12 weeks, which could lead to
preserved endothelial function. We believe a further study
needs to be done to investigate continuing effects after end-
ing L-citrulline intake in the future.

Coronary spasm is the leading cause of myocardial
ischemia [40]. The precise mechanisms underlying vasospas-
tic angina remain unknown. However, a previous study has
demonstrated that a deficiency in endothelial NO activity in
spastic arteries is associated with the pathogenesis of coro-
nary spasm [41]. It is also known that endothelial dysfunc-
tion related to the impaired endothelium-derived NO
bioavailability is an independent risk factor responsible for
vasospastic angina [42]. Therefore, our results showing that
oral L-citrulline intake significantly improved endothelial
dysfunction suggest a therapeutic strategy for decreasing
coronary spasms in patients with vasospastic angina.

In conclusion, our results demonstrate that oral L-
citrulline supplementation for 8 weeks at a dose of 800
mg/day improves endothelial dysfunction. This effect is
probably due to improved L-arginine bioavailability and L-
arginine/ADMA ratio in association with potentiating NO-
dependent reactions, combined with reduced oxidative stress.
This study proposes therapeutic functions for L-citrulline
supplementation in heart failure patients with vasospastic
angina.

Heart diseases including vasomotor angina have become
one of the most important health problems worldwide, espe-
cially among Asian population [43], and the number of
young patients is also increasing recently. L-Citrulline is a
potentially novel amino acid, and its no obvious side effects
have been observed in studies to date. Thus, dietary L-
citrulline may be beneficial for the supplemental treatment of
heart diseases.

CONFLICT OF INTEREST

This research received no specific grant from any fund-
ing agency in the public, commercial or not-for-profit sec-
tors. The authors declare that there is no conflict of interest.

ACKNOWLEDGEMENTS

The authors thank Biomarker Science Co. Ltd., for their
technical assistance with LOX-1 and LAB analysis.

ABBREVIATIONS

ADMA = Asymmetric dimethylarginine

eNOS = Endothelial NO synthase

FMD = Flow-mediated dilation

LAB = LOX-1 ligand containing apolipopro-
tein B

LDL = Low density lipoprotein

LOX-1 = Lectin-like oxidized LDL receptor 1

NO = Nitric oxide
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