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AIMS

Low blood concentrations of the naturally occurring amino acid L-homoarginine (L-hArg) are related to impaired cardiovascular
outcome and mortality in humans and animals. L-hArg is a weak substrate of nitric oxide synthase and an inhibitor of arginases
in vitro. The aim of our study was to obtain kinetic and dynamic data after oral L-hArg supplementation.

METHODS

In a double-blind, randomized, placebo-controlled crossover study, 20 young volunteers received 125 mg L-hArg once daily for
4 weeks. Kinetic parameters (Crnax, Tmax and AUCg_»41) were calculated after ingestion of single and multiple doses of oral
supplementation as primary endpoint. Secondary endpoints that were evaluated were routine laboratory, L-arginine, asymmetric
dimethylarginine (ADMA), pulse wave velocity (PWV), augmentation index (Alx), flow-mediated vasodilatation (FMD),
corticospinal excitability, i.e. motor threshold (MT), and cortical excitability, i.e. intracortical inhibition (ICI) and facilitation (ICF).

RESULTS

One hour after ingestion (Tmax), L-hArg increased the baseline L-hArg plasma concentration (2.87 £ 0.91 umol I=', mean + SD) by
8.74 + 4.46 [95% confidence intervals 6.65; 10.9] and 17.3 £ 4.97 [14.9; 19.6] umol 171 (Crmax), after single and multiple doses,
respectively. Once-only and 4 weeks of supplementation resulted in AUCsg_»4 of 63.5 + 28.8 [50.0; 76.9] and 225 + 78.5 [188;
2624] umol I~ 1*h, for single and multiple doses, respectively. Routine laboratory parameters, L-arginine, ADMA, PWV, Alx, FMD,
MT, ICl and ICF did not change by L-hArg supplementation compared to baseline.

CONCLUSION
Once daily orally applied 125 mg L-hArg raises plasma L-hArg four- and sevenfold after single dose and 4 weeks of supplemen-
tation, respectively, and is safe and well tolerated in young volunteers.

© 2016 The British Pharmacological Society DOI:10.1111/bcp.13068
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT

e L-Homoarginine (L-hArg) is an amino acid found in pea pulses (Lathyrus sativus and cicera). It is a weak substrate for nitric

oxide (NO) synthases (NOS) and an inhibitor of arginases.

e In clinical and epidemiological studies, low circulating L-hArg is associated with impaired cerebrovascular and cardiovas-

cular outcome.

¢ Orally administered L-hArg is readily absorbed in rats and pigs with a recovery of >95% of unmetabolized L-hArg in urine.

WHAT THIS STUDY ADDS

e Our data show that oral supplementation with 125 mg L-hArg raises plasma L-hArg concentrations four- and sevenfold

after single and multiple dosing in humans, respectively.

e Four weeks of supplementation did not change vascular and neuronal function in young volunteers, nor did any toxic

side-effects occur.

Tables of Links

Dimethylarginine
dimethylaminohydrolases

SLC7 family

Arginine:glycine
amidinotransferase

TARGETS LIGANDS
Enzymes [1] Nitric oxide synthases L-arginine NG,NG-dimethyI-L-arginine
Arginase Transporters [2] creatine

These Tables list key protein targets and ligands in this article that are hyperlinked to corresponding entries in http://www.guidetopharmacology.
org, the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY [3], and are permanently archived in the Concise Guide to

PHARMACOLOGY 2015/16[1, 2].

Introduction

The L-arginine/nitric oxide (NO) pathway plays an important
role in vascular haemostasis and L-arginine has been supple-
mented to optimize health and welfare [4]. However, after
oral administration, L-arginine is subject to extensive pre-
systemic and systemic elimination by arginases and oral
doses required to increase plasma concentrations range from
3 to 8 g/day [5, 6]. The non-proteinogenic amino acid
L-homoarginine (L-hArg) interferes with the L-arginine/NO
pathway and has been identified as a risk marker for cardio-
vascular, cerebrovascular and kidney diseases as well as for
cardiovascular and all-cause mortality (reviewed in [7, 8]).
L-hArg is a weak substrate of NO synthase (NOS) and arginase.
The maximal activity (Vimax) for murine NOS-dependent NO
formation is similar for L-hArg and L-arginine, but the
Michaelis-Menten constant (Ky,) is 10-20 times higher for
L-hArg [9]. The K, value for L-hArg of rat liver arginase is
7.2 mmol 1! which is about 70-fold above its actual concen-
tration in rat liver [10, 11]. The Vi, of rat liver arginase is 130
times faster for L-arginine compared with L-hArg [10]. These
properties make L-hArg a competitive inhibitor of rat liver ar-
ginase and render unlikely a strong catabolism in mammals.
L-hArg is a substrate for the y+-transporter system which is re-
sponsible for stereoselective uptake and secretion of cationic
amino acids in many cells [12]. Furthermore, in vitro data
identified high L-hArg as a non-competitive inhibitor of alka-
line phosphatases (ALP, [13-15]). Of note, L-hArg originating
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from guanidated lysine residues in casein and soya-bean pro-
teins is readily absorbed in the jejunum and ileum of
Gottingen minipigs and broiler chickens [16, 17]. In line with
these in vitro and in vivo data, oral supplementation of 1 and
10 mg kg~ ! body weight L-hArg were almost quantitatively
(>95%) excreted unmetabolized in urine in pigs and rats, re-
spectively [18]. The aim of this study was to investigate the ki-
netic and dynamic properties of single and multiple oral
doses of 125 mg L-hArg in young humans and the effect of
multiple doses on the endothelial and vascular function and
cortical excitability.

Methods

Subjects

Twenty-four healthy volunteers (15 female, 9 male) without
evidence of disease were found eligible for this study
(Figure 1). They were recruited from the participating depart-
ments and from students at the University Medical Centre
Hamburg-Eppendorf. Exclusion criteria were sitting blood
pressure > 160/100 or <90/60 mmHg, sitting heart rate-
99 bpm or <50 beats per minute (bpm), a history of clinically
significant hypotensive episodes or symptoms of fainting,
dizziness, or light-headedness, a body mass index (BMI) >32
or <16 at screening, a history or symptoms of cardiovascular
disease, particularly coronary artery disease, arrhythmias, or


http://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyId=253
http://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyId=250
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congestive heart failure, a history of significant central
nervous system disease, including transient ischemic attack,
stroke, seizure disorder, or behavioural disturbances, the use
of any drugs, a history of hepatitis B or C, and/or human
immunodeficiency virus (HIV 1 + 2), participation in an
investigational drug or medical device study within 30 days
of first dosing, donation of blood or blood products within
the last 2 months (male) or 3 months (female) prior to study,
and pregnancy (female). Written informed consent was
obtained from all participants. The study was planned as a
non-drug study and the study protocol was approved by the
Ethics Committee of the Hamburg Board of Physicians
(PV4038) accordingly. The investigation was conducted in
accordance with the Declaration of Helsinki and registered
at clinicaltrials.gov (NCT02675660).

Study design

In a double-blind, placebo-controlled crossover design, 22
participants were randomized to receive either 125 mg L-hArg
or placebo once daily in the morning for 4 weeks each
(Figure S1). Placebo and L-hArg capsules were provided by
Wellnest International Ltd. (West Sussex, UK), the latter
being marketed as a dietary supplement. Cellulose capsules
contained lactose or 119 + 13 mg L-hArg (mean + SD, n =7)
and cornstarch as excipient. The study periods were separated
by a washout phase of 4 weeks, and the sequence of the
medications was randomly chosen in each participant. The
study was preceded by a run-in phase, where all participants
received a single dose of 125 mg L-hArg. Blood samples
(2.7 ml EDTA vacutainer) for plasma L-hArg determinations
were drawn at time points 0, 15, 30 min, 1, 2, 4, 8, 24, 48,
72 and 120 h after single and multiple doses of L-hArg and
placebo, respectively. At baseline, after each supplementation
period (L-hArg and placebo) and after 4 weeks of follow-up,
biochemical analyses including L-arginine and asymmetric
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dimethylarginine (ADMA) determinations were performed
and adverse events were evaluated. At baseline and after
each supplementation period (L-hArg and placebo), dynamic
analyses applying plethysmography [i.e. pulse wave velocity
(PWV) and augmentation index (Alx)], ultrasound [i.e. flow-
mediated vasodilatation (FMD)], and transcranial magnetic
stimulation [TMS, i.e. motor threshold (MT), intracortical in-
hibition (ICI), intracortical facilitation (ICF)] were recorded.
Two individuals abandoned study participation without
statement of reasons.

Biochemical analyses

Plasma L-hArg, L-arginine and ADMA concentrations were
determined in 20 participants by liquid chromatography
(LC)-tandem mass spectrometry (MS) analysis as described
previously [19, 20]. Briefly, 25 pL aliquots of plasma were
spiked with stable isotope-labelled L-hArg, L-arginine and
ADMA, which served as internal standards. Proteins were
precipitated with 100 pL of methanol, filtrated through a
0.22 um hydrophilic membrane (Multiscreen HTS™,
Millipore, Molsheim, France), derivatized with butanolic
1 N HCI, and analysed by LC-tandem MS (Varian 1200 MS,
Agilent Technologies, Santa Clara, USA). Quantification was
performed by calculation of peak area ratios and calibration
with known concentrations of analytes in dialysed EDTA
plasma. Limits of quantification were 0.01 pmol 17" for
L-hArg, 0.25 umol 17! for L-arginine and 0.005 umol 1" for
ADMA. For all arginine metabolites, coefficients of variation
were <7.5% [19, 20]. Blood counts, blood glucose, serum cre-
atinine, glutamic oxaloacetic transaminase (GOT), glutamic
pyruvic transaminase (GPT), ALP, and high sensitive
C-reactive protein (hsCRP) were determined with routine
laboratory assays. Estimated glomerular filtration rate (eGFR)
was calculated with the CKD-EPI formula [21].
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Kinetic analyses

Kinetic parameters, i.e. maximum plasma concentration
(Cmax), time to maximum plasma concentration (Tmax)
and area under the plasma concentration-time curve
(AUCg_24n), were calculated for L-hArg after single dose
and multiple doses. AUCs were calculated for up to 24 h.
To account for possible circadian rhythms of endogenous
L-hArg, plasma concentrations following L-hArg adminis-
tration at each time point were corrected for individual
baseline (time point zero of single and multiple measure-
ment) and placebo data prior to calculation of Chyax, Tmax,
and AUCg.p4, Vvalues. Even for corrected data, the
calculation of half-life was still not possible. All kinetic
calculations were performed using Excel (version 2010,
Microsoft Corporation, Redmont, USA).

Dynamic analyses

Systolic (SBP) and diastolic blood pressure (DBP) was mea-
sured at baseline in three independent examinations at
supine position after 5 min of resting, and results were
averaged. PWV and Alx were obtained in supine position
by plethysmography, applying the vascular explorer system
(Enverdis, Jena, Germany). Augmented pressure was calcu-
lated as the difference between the second systolic peak
and the first systolic peak, and Alx was calculated as the ra-
tio between augmented pressure and pulse pressure. Values
were normalized to a heart rate of 75 bpm. Central PWV
was assessed recording waveforms at the femoral and ca-
rotid site, sequentially. FMD was assessed in the volunteers'
right arm by high resolution ultrasound (12 MHz linear
array transducer, Sienna, Siemens, Munich, Germany) as
described previously [22]. In brief, longitudinal echo scans
of the brachial artery were obtained before and after reac-
tive hyperaemia. FMD was calculated as the percent in
artery diameter 1 min after cuff release relative to the
diameter before cuff release. Corticospinal excitability, i.e.
MT, and cortical excitability, i.e. ICI and ICF, were evalu-
ated during rest with well-established single and paired-
pulse TMS protocols using a 7 cm diameter figure of 8
shaped coil and two Magstim 200 stimulators (Magstim
Co., Whitland, Carmarthenshire, UK) and Signal software
4.05 and a CED1902-amplifier (both Cambridge Electronic
Design, Cambridge, UK) for TMS data recording and pro-
cessing [23, 24]. Two subjects were excluded from ICI and
ICF measurement; due to high MT and low recruitment,
no stable test stimulus motor evoked potential >0.2 mA
could be achieved (and with low amplitude test stimuli
no reliable ICI nor ICF can be elicited [25]).

Statistical analyses

All data are given as mean + standard deviation (SD) [95%
confidence intervals, if appropriate] or median [25th; 75th
percentile]. Statistical comparisons were made by Student's
t-test (two-tailed) for unpaired or paired data of two groups
and repeated measures ANOVA with Newman-Keuls post hoc
test for paired data of four groups. Statistical analysis was
performed with GraphPad Prism (version 5 for Windows,
La Jolla, USA).
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Results

Baseline characteristics of investigated subjects are listed in
Table 1. All participants were healthy Asian-Caucasian with
no history or symptoms of cardiovascular disease, particu-
larly coronary artery disease, arrthythmias, congestive heart
failure, transient ischemic attack, stroke, seizure disorder or
behavioural disturbances. Baseline L-hArg concentration
was 2.87 £ 0.91 umol 1_1, mean = SD, with no difference
between women and men, i.e. 2.66 and 3.13 pmol 17}, respec-
tively (P = 0.26, Student's t-test for unpaired data). Oral
supplementation with 125 mg L-hArg increased the plasma
concentrations of L-hArg (Cnax) after single and multiple
doses by 8.74 + 4.46 [95% confidence intervals 6.65; 10.9]
and 17.3 + 4.97 [14.9; 19.6] pmol 177, respectively (Table 2).
The AUCy.24n was 3.5-fold higher after multiple dosing com-
pared with a single dose of L-hArg. Cy,,ax was reached after 1 h
irrespectively of the dosing regimen.

Table 1

Baseline characteristics of participants®

Standard
Mean deviation

Gender (n, %)

11 females (55%)

BMI (kg m 2) 24 2.9

Blood counts/clinical chemistry
Leukocytes (c/nL) 6.0 1.3
Thrombocytes (c/nL) 255 62
GOT (U/L) 25.8 9.8
GPT (U/L) 21.3 8.9
ALP (U/L) 46 18

hsCRP (mg/dL)° 0 [0.9; 2.2]

.9 .9; 2.
L-hArg (umol I ") 2.87 0.91

ADMA (umol 1 ) 0.60 0.08

“Data are given as mean + standard deviation unless otherwise
indicated.

PAverage of three independent measurements.

“Median [25th; 75th percentile].

ADMA, asymmetric dimethylarginine; ALP, alkaline phosphatase;
BMI, body mass index; eGFR, estimated glomerular filtration rate
computed using the CKD-EPI formula, GOT, glutamic oxaloacetic
transaminase; GPT, glutamic pyruvic transaminase; L-hArg,
L-homoarginine, hsCRP, high-sensitivity C-reactive protein.
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L-hArg in h
rg in humans BICP

Kinetic characteristics of L-homoarginine in human plasma after a single dose and four weeks of 125 mg oral supplementation?

Single dose Multiple dose P value®
Crnax [nmol 1] 8.74 £ 4.46 [6.65; 10.9] 17.3+4.97[14.9;19.6] <0.001
Timax [h] 1.15+0.54 [0.90; 1.40] 1.28 £ 0.50[1.05; 1.51] 0.22
AUCg_4n [umol I "*h] 63.5 +28.8 [50.0; 76.9] 225+ 78.5[188; 2624] <0.001

“Kinetic parameters are calculated for baseline-placebo corrected data. Data are given as mean + standard deviation [95% confidence intervals].
Pp_value: single vs. multiple dose, Student's t-test (paired, two-tailed). Cqax indicates maximum plasma concentration; Ty, time to maximum
plasma concentration; AUC_,4n, area under the plasma concentration-time curve (24 h).

Baseline characteristics given in Table 1 were not altered
by supplementation, except for blood glucose, which was in-
creased after L-hArg supplementation and ALP activity, which
was increased after placebo and at follow-up (P < 0.0S for all;
Table S1). L-hArg supplementation for 4 weeks did not
change L-arginine or ADMA plasma concentrations. Adverse
events were equally distributed in both study arms
(Table S2). Supplementation with L-hArg had no impact on
PWV and Alx as compared with baseline or placebo
(Figure 2). FMD, ICI and ICF were also unchanged after pla-
cebo and L-hArg supplementation (Figure 3). MT was slightly
increased after placebo supplementation compared with
baseline (P < 0.05), but no significant difference was observed
between L-hArg and placebo.

Discussion

The major finding of our study is that oral administration of
125 mg L-hArg once daily increases L-hArg plasma concentra-
tions in healthy humans four- and sevenfold over baseline
levels, after single and 28 daily doses, respectively. A median
plasma concentration of 1.88 pmol 1™' L-hArg has previously
been determined in 786 healthy individuals (aged from 35 to
54 years) with a tendency of higher L-hArg concentrations in
younger participants [26]. In our study group of young indi-
viduals (mean age 35 years), we observed a mean L-hArg
concentration of 2.87 umol 17" at baseline. The higher L-hArg
concentration at baseline might be attributed to the younger
age of our participants. Although we did not observe a
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Figure 2

Pulse wave velocity (PWV) and augmentation index (Alx) data at baseline and after 4 week of supplementation with L-homoarginine and placebo
(n=20). PWV was calculated for the A. brachialis (ba) and the carotid-femoralis (cf). Alx was calculated for the aorta and the A. brachialis (ba).
Normal range values according to the vascular explorer system (Enverdis, Jena, Germany) are depicted in green
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Transcranial magnetic stimulation (TMS) and flow-mediated vasodilatation (FMD) were performed at baseline and after 4 weeks of supplemen-
tation with L-homoarginine and placebo (n = 20 for FMD, n = 18-20 for TMS). Corticospinal excitability, i.e. motor threshold (MT), cortical
excitability, i.e. intracortical inhibition (ICI) and facilitation (ICF), were evaluated with single and paired-pulse TMS protocols. *P < 0.05 vs. base-

line, repeated measures ANOVA with Newman-Keuls post hoc test

difference in L-hArg concentrations between women and
men, 125 mg L-hArg tended to increase Cy,,x more in women
compared with men, i.e. by 18.6 and 15.7 umol 17!, respec-
tively (P = 0.20, Student's t-test for unpaired data). The sex
difference was most likely due to the lower body weight in
women, i.e. 63 vs. 82 kg.

Multiple doses of 125 mg L-hArg increased the Cihax
sevenfold over baseline as compared with a fourfold in-
crease after a single dose. We did not perform serial blood
collections to evaluate C,.x, Tmax, and AUCq.,4;, at differ-
ent time-points after multiple dosing regimens and thus
do not know if the tripling of AUCg.,4n represents the
steady state kinetics. As a substrate for the y+-transporter
system, L-hArg is likely to be taken up by several organs
[12]. Even though we corrected our data for baseline and
placebo concentrations to account for diurnal variation in
L-hArg plasma concentrations, we were not able to calcu-
late the terminal half-life in our study.

In line with previous observations made for the oral
supplementation with L-arginine, L-hArg did not follow
first-order elimination kinetics in a single compartment
model [22]. L-hArg is a competitive inhibitor of rat liver
arginase [10]. We therefore investigated whether 4 weeks of
125 mg L-hArg supplementation increases L-arginine plasma
concentrations or its endogenous methylation product
ADMA [27]. Even though we did not find increased L-arginine
nor ADMA concentrations in our investigation, we cannot
rule out that alternative dosing regimens, i.e. higher doses
or shorter dosing intervals, might influence L-arginine me-
tabolism. L-Arginine is not only subject to systemic but also
to extensive pre-systemic elimination by arginases, and the
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latter might not sufficiently be inhibited by a single dose once
daily of a weak arginase inhibitor [5]. Experimental data
showed that L-hArgis an inhibitor of ALP [13-15] and clinical
observations revealed a negative correlation between circu-
lating L-hArg and ALP levels in patients undergoing coronary
angiography [28]. However, physiological concentrations of
L-hArg, i.e. 0.2-3 pmol 1™ do not inhibit ALP, but induce
osteogenic transformation of vascular smooth muscle cells,
augmenting vascular calcification in experimental athero-
sclerosis [29]. In the present investigation, the applied dosing
regime of L-hArg did not alter ALP activity or vascular
phenotypes.

Lower plasma concentrations of L-hArg have been re-
ported in a variety of clinical conditions, among them
coronary artery disease, congestive heart failure, ischemic
stroke and myocardial infarction [28, 30-35]. Low L-hArg
has been linked to a worsened prognosis in patients
with renal and cardiovascular disease as well as to cardio-
vascular and all-cause mortality in the general population
[28, 36-38]. These retrospective and prognostic cohort
studies provide no experimental evidence in favour of a
supplementation with L-hArg.

To date, L-hArg has only been supplemented in several
animal models [16-18, 32, 39, 40]. In all studied species (i.e.
chickens, pigs, rats and mice) orally supplemented L-hArg
was readily absorbed in the intestine, it increased L-hArg
plasma concentrations and was excreted almost quantita-
tively and unmetabolized into the urine. Oral supplementa-
tion of C57BL/6 mice for 4 weeks with 14 mg 1”! L-hArg in
drinking water (approx. 2 mg kg~ ' body weight) resulted in
a threefold increase in L-hArg plasma concentration from



0.14t0 0.46 ymol 17" [32]. Supplementation of 125 mg L-hArg
once daily (approx. 2 mg kg ' body weight) for 4 weeks in
humans resulted in a sevenfold increase (Cmax) in L-hArg
plasma concentration. These data clearly indicate that me-
tabolism of L-hArg is different between mice and men and
needs further investigation. Although the increase in L-hArg
observed in mice was rather moderate, the applied dose
significantly improved neurological outcome in an experi-
mental model of stroke [32]. So far, murine and human data
indicate that genetic alterations of L-arginine:glycine
amidinotransferase (AGAT) are responsible for changes in
L-hArg levels [32, 41]. Therefore, AGAT itself might represent
a possible target for future interventions to regulate L-hArg
levels. Furthermore, it is still unknown whether the therapeu-
tic potential of L-hArg supplementation is translatable to
humans. However, our data show that L-hArg supplementa-
tion in humans is feasible.

In experimental and clinical studies L-hArg was associated
with endothelial function, e.g. FMD [42], kidney function,
e.g. eGFR [38], neurotoxicity, e.g. altered neuronal excitabil-
ity [43], blood pressure [44] and glucose metabolism [39].
Supplementing 20 young individuals with 125 mg L-hArg
once daily did not change FMD, eGFR, ICI, ICF, SBP or DBP.
We observed a moderate increase in blood glucose after
L-hArg supplementation (Table S1). This could be an adverse
reaction to the supplement, but experimental findings in
obese mice have shown an opposite effect of L-hArg supple-
mentation on blood glucose. Oral supplementation of
C57BL/6 mice for 16 weeks with 14 and 28 mg 1" L-hArg in
drinking water blunted a metabolic phenotype induced by a
high-fat diet; i.e. L-hArg fostered insulin secretion and ame-
liorated blood glucose levels [39]. MT seemed significantly
increased after placebo compared with baseline, but one
outlier contributed to this effect. Furthermore, MT of placebo
and L-hArg supplementation groups did not differ signifi-
cantly from each other. Despite the clinical studies showing
associations between L-hArg and clinical phenotypes, no evi-
dence for a direct effect is given. At least for the dosing period
applied to healthy individuals in the current study, no im-
pact, neither harm nor benefit, was observed.

Na*/K*-ATPase is a crucial enzyme responsible for the
active transport of sodium and potassium ions in the ner-
vous system necessary to maintain the ionic gradient for
neuronal excitability. In vitro studies showed an inhibitory
effect of L-hArg on Na*/K'-ATPase in the synaptic plasma
membrane from cerebral cortex of young rats at concentra-
tions of 5-20 umol 17! [43]. However, in our study we did
not observe any alterations of the cortical excitability by
hArg supplementation, i.e. neither ICI nor ICF were
changed. Given its polarity, transport of L-hArg across the
blood-brain barrier is likely to require an active transport
system. L-hArg is a substrate for the y+-transporter system
[12] and has been reported to act as a competitive inhibitor
of L-arginine uptake by porcine endothelial cells [45]. How-
ever, in mice, L-hArg was reported to be taken up into the
brain [32]. Thus, it can only be concluded from the present
data that supplementation of 125 mg L-hArg for 4 weeks
does not seem to interfere with cortical excitability in
healthy individuals.

AGAT is expressed predominantly in the kidney and
liver, L-hArg and GFR are positively associated in cohort
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studies, and L-hArg plasma concentrations decline with
progression of chronic kidney disease [38, 46]. At baseline
we observed relatively high L-hArg plasma concentrations
possibly attributed to the young age and normal kidney
function in our study population (Table 1). We did not in-
vestigate urinary excretion of L-hArg or AGAT expression,
which might be altered upon L-hArg supplementation. Pre-
viously it was shown that L-arginine is extensively metabo-
lized by arginase in the gut wall and liver [5, 47]. This
limits its oral bioavailability as a substrate for NOS and
subsequent effect on vascular function. L-hArg is an alter-
native substrate for NOS not subjected to elimination by
arginase [9, 10]. However, to date it is still speculative
whether the beneficial effects of L-hArg are solely due to
interactions with L-arginine/NOS metabolism. The ratio of
L-arginine over the endogenous NOS inhibitor ADMA is
one predictor for the substrate availability for NOS [48].
In our study, supplementation with L-hArg did not change
L-arginine, ADMA or the L-arginine/ADMA ratio. In line
with this, we did not observe any improvement of endo-
thelial function; neither FMD, nor PWI or Alx were
changed. This does not render changes in endothelial
function impossible after longer supplementation period
or in subjects with pre-existing cardiovascular diseases.
Nevertheless, the primary endpoint of our study was the
determination of kinetic parameters and our study was
sufficiently powered for this purpose.

In conclusion, the results of the present study provide a
rationale for larger, prospective clinical studies with longer
treatment periods to investigate the effects of oral supple-
mentation with 125 mg L-hArg in patients with cardiovascu-
lar or metabolic disease.
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