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Abstract

Patients with lysine-related inborn errors of metabolism (pyridoxine-

dependent epilepsy [PDE] and glutaric aciduria type 1 [GA1]), follow a

lysine-restricted diet with arginine-fortified lysine-free amino acid formula

and additional oral arginine supplementation as a newer therapy for PDE.

The rationale of arginine supplementation is based on arginine's ability to

compete with lysine transport across cell membranes via shared transporter

systems. Adequate doses of arginine required to competitively inhibit enteral

lysine uptake has not been studied in humans This proof-of-concept study

investigates the effect of incremental enteral arginine doses on whole-body

lysine oxidation using an in vivo stable isotope tracer, L-[1-13C] lysine, in

healthy humans. Five healthy men completed six study days each consuming

one dose of L-arginine HCl per study day; range = 50-600 mg/kg/d. Lysine

intake was at DRI (30 mg/kg/d). Breath samples were analysed for L-[1-13C]

lysine oxidation to 13CO2 using an isotope ratio mass spectrometer. Plasma

amino acid concentrations were analysed using an amino acid analyser.

Increasing doses of L-arginine HCl caused a linear decrease in whole-body

lysine oxidation. Plasma arginine concentration increased, and plasma lysine

concentration decreased below normal range with high arginine intakes. We

provide the first empirical evidence of arginine-lysine antagonism in

response to increasing oral arginine doses. Results suggest 300-600 mg/kg/d

of L-arginine HCl and lysine intake restricted to DRI is needed to reduce

enteral lysine uptake and systemic lysine oxidation. This could potentially

lead to a recommended dose for arginine in lysine-related inborn errors of

metabolism.

Abbreviations: AAA, amino acid analyser; α-AASA, α-aminoadipic semialdehyde; ALFA, arginine-fortified lysine-free amino acid formula; L-
Arginine HCl, L-Arginine hydrochloride; APE, atoms percent access; BBB, blood brain barrier; BIA, bioelectric impedance analysis; DRI, dietary
reference intakes; F13CO2, rate of appearance of

13C labelled carbon dioxide in breath; GA, glutaric acid; GA-1, glutaric aciduria type 1; 3-OH-GA,
3-hydroxyglutaric acid; PDE, pyridoxine-dependent epilepsy; PLP, pyridoxal 50-phosphate; P6C, L-D1-piperidine-6 carboxylate; RDA, recommended
dietary allowance; REE, resting energy expenditure; UCD, urea cycle defect.
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1 | INTRODUCTION

Lysine is an essential amino acid needed for the synthesis
of tissue protein, collagen and carnitine.1 In humans,
lysine is catabolised via two separate pathways; the
saccharopine pathway mainly located in the liver, and
the pipecolic acid pathway mainly located in the brain.2

Both pathways converge at the level of α-aminoadipic
semialdehyde (α-AASA) and its cyclic equivalent
piperidine-6-carboxylic acid (P6C), yielding glutaryl-CoA
downstream the pathway and acetyl-CoA as the ultimate
end product of the lysine degradation (Figure 1).

Among the various inborn errors of metabolism
described within the lysine catabolic pathway, glutaric
aciduria type 1 (GA1) caused by glutaryl-CoA dehydroge-
nase (GCDH) deficiency [OMIM 231670], and pyridoxine-
dependent epilepsy (PDE) caused by α-aminoadipic
semialdehyde dehydrogenase (ALDH7A1) deficiency
[OMIM 266100], are amenable to medical nutrition ther-
apy with a lysine restricted diet. This diet has been shown
to improve clinical outcomes and to reduce the accumula-
tion of potentially toxic metabolites arising from the
respective enzyme defects.3,4 Provision of abundant argi-
nine through an arginine-fortified lysine-free amino acid
formula (ALFA) has been suggested as an additional treat-
ment modality for GA15 and additional oral supplementa-
tion of L-arginine has been promoted as a newer therapy

for PDE.6 The rational for these therapies is based on a
proposed lysine arginine antagonism effecting their cellu-
lar uptake.1

Lysine and other basic cationic amino acids (CAA), such
as arginine and ornithine, are transported across cell mem-
branes via transport systems that are encoded by a variety of
family 7 solute carrier (SLC7) genes.7 System y+ encoded by
SLC7A1, SLC7A2A, SLC7A2B, and SLC7A3 is the major
route of entry for CAA into non-epithelial cells at the blood
brain barrier (BBB)8 and is selectively expressed at the bas-
olateral membrane of epithelial cells.7 Systems y+L, b0,+,
and B0,+ are expressed in epithelial cells of the small intes-
tine and renal tubules, with system y+L being primarily
responsible for a high affinity transport across the apical
membranes.7 The lysine arginine antagonism has been
proven in various animal experiments demonstrating a con-
centration dependent inhibition of enteral CAA uptake.1,7

In GA1, provision of ALFA and a lysine intake no
higher than the DRI, has been associated with improved
clinical outcomes in GA1 patients.5 A similar regimen was
shown to reduce neurotoxic metabolites in a GA1 mouse
model.9 In GA1, the ALFA itself provides the commonly
recommended arginine dose of 100-150 mg/kg/d,10 while in
PDE, extra L-arginine supplements between 100 and
400 mg/kg/d have been given in addition to dietary lysine
restriction and ALFA.6,11-13

Thus far, no studies have been conducted to examine to
what extent increasing arginine supplements impact lysine
metabolism in humans. There is no evidence of an ideal
dose of arginine for treatment. Therefore, our objective was
to examine, in the presence of lysine intakes at the
age dependent estimated average requirements (Dietary
Reference Intakes, DRI, 30 mg/kg/d), whether graded
increases in L-arginine supplements (ranging from 50 to
600 mg/kg/d) had any impact on lysine catabolism. We
achieved this by measuring changes in the oxidation of L-
[1-13C] lysine to 13CO2, and plasma lysine concentrations in
response to graded L-arginine intakes in healthy young
men, as a proof-of-concept study.

2 | METHODS

2.1 | Subjects

Five adult males ranging in age 22-25 years (Table 1)
were studied and participated in six study days each.
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FIGURE 1 Lysine catabolic pathways. (1) Pyridoxine-

dependent epilepsy (PDE) is characterised by ALDH7A1 encoding

a-aminoadipic semialdehyde dehydrogenase, also known as

antiquitin (ATQ), deficiency. Accumulation of α -aminoadipic

semialdehyde (α-AASA)/piperidine-6 carboxylic acid (P6C) results

in inactivation of pyridoxal phosphate (PLP). (2) Glutaric aciduria

type I (GA1) is caused by deficiency of glutaryl-CoA dehydrogenase

(GCDH) deficiency leading to accumulation of glutaric acid
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All subjects were selected after completing a preliminary
study where medical history, dietary habits, and activity
levels were collected; weight, height, body composition, and
resting energy expenditure (REE) were measured. Partici-
pants were excluded from the study if they had the follow-
ing: a history of smoking, chronic diseases/illnesses, a BMI
outside normal range, and/or a vegetarian/vegan diet. Par-
ticipants that took part in the preliminary study were
assessed to ensure they could adhere to the diet and exercise
protocols prior to each study day. Body composition was
measured by bioelectrical impedance analysis (Quantum IV;
RJL Systems, Detroit, Michigan). REE was measured by
continuous, open-circuit indirect calorimetry (Vmax Encore,
Viasys, California) performed on 10-12 hour fasted subject.
Height was measured to the nearest 0.1 cm using a wall-
mounted stadiometer. Weight was measured to the nearest
0.1 kg using a digital scale.

Informed Consent: All subjects provided informed
written consent before participating in the study. Subjects
were offered financial compensation for their time at the
end of each study day. All procedures were approved by
the Research Ethics Board at the University of British
Columbia Children's and Women's Research Ethics Board
(H15-01151). The trial was registered at Clinical Trails.Gov
(NCT02499926).

All procedures followed were in accordance with the
ethical standards of the responsible committee on human
experimentation (institutional and national) and with the
Helsinki Declaration of 1975, as revised in 2000 (5).
Informed consent was obtained from all patients for
being included in the study.

2.2 | Study principle

The study design was based on the oxidation of a stable
isotope tracer L-[1-13C] lysine to 13CO2 to examine lysine

metabolism in response to graded increases of oral argi-
nine intake. The principle of the test is based on quantify-
ing the amount of the carboxyl labelled 13C tracer (L-
[1-13C] lysine) and its oxidation, which would release as
13CO2 in breath. We have previously used this test either
as an indirect measure of whole-body protein synthesis,14

or to test the upper limit of oxidative capacity of essential
amino acids.15

2.3 | Experimental design

2.3.1 | Arginine doses

Study days took place at the Clinical Research Evaluation
Unit at BC Children's Hospital, Vancouver. The subjects
were fasted and had not participated in vigorous exercise
for 10-12 hours prior to a study day. Each study day
was separated by at least 2 weeks to eliminate any
carry over effect. Subjects participated in six study days
each, consuming one graded dose of L-arginine on each
study day. Doses of L-arginine HCl (Ajinomoto Inc,
Japan) were 50, 100, 150, 200, 250, 300, 400, 500, and
600 mg/kg/d. These doses correspond to 41, 82,
123, 164, 206, 247, 329, 411, 493 mg/kg/d of free L-argi-
nine, due to the molecular mass of HCl, L-arginine HCl
is ~17.8% heavier than L-arginine. Two subjects partici-
pated in 50, 100, 150, 200, 250, and 300 mg/kg/d stud-
ies. Three subjects participated in 100, 200, 300, 400,
500, and 600 mg/kg/d studies.

We used 50 mg/kg/d L-arginine HCl as the starting
reference point to determine the dose of arginine that
will competitively inhibit lysine uptake. For an adult
weighing 79 kg (our study subject's average weight), the
starting arginine dose will account to about 3.95 g/d of L-
arginine HCl. The mean daily intake of arginine is
4.2 g/d reported from the 1993 to 1994 NHANES III. At
the highest arginine dose, 600 mg/kg/d will account to
47.4 g/d for a 79 kg individual.

2.3.2 | Diet

Two days before the study day, subjects followed a prescribed
standardised diet to stabilise protein intake (1.0 g/kg/d) and
meet energy needs (1.7 × REE). The subjects' energy require-
ment was determined based on REE (kcal/d) measured at
preliminary study assessment. During the preliminary
study, a nutrition history was obtained via a 2-day food
record to determine nutritional adequacy of macro and
micronutrients and current lysine intake. The pre-
scribed diet was tailored to each subject based on the
2-day food record. The subjects also provided a 2-day

TABLE 1 Subject characteristics1

Characteristic Value

Age (y) 23.6 ± 1.14

Weight (kg) 79.0 ± 11.9

Height (cm) 179 ± 6.6

BMI (kg/m2) 24.5 ± 2.0

Lean body mass (kg) 59.7 ± 7.6

Fat mass (%) 24.2 ± 2.3

REE (kcal/day) 1768.4 ± 275.2

Notes: Values are mean ± SD (n = 5).
Abbreviations: REE, resting energy expenditure; BMI, body mass
index.
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food record prior to each study day which was used to
measure compliance, determine protein intake, and bet-
ter tailor the prescribed diet for the next study day.

2.3.3 | Study day diet

The diet on the study day consisted of one of the test L-
arginine dose and all other amino acids based on the pro-
file of egg protein. Amino acids were in the form of crystal-
line L-amino acids. Lysine was provided at 30 mg/kg/d on
all study days. Protein was provided at 1.0 g/kg/d; energy
was provided at 1.7 × REE (to ensure caloric needs are
met), with 35% from fat, 55% from carbohydrate and
10% from protein. The study day diet was divided into
eight meals in the form of a liquid 'shake' (Protein-Free
Powder, PFD1, Mead Johnson Nutrition; Tang and
Kool-Aid, Kraft Foods) and protein-free cookies. The
eight meals were consumed hourly and represented
1/12 of the daily requirements. Subjects were not
allowed to consume anything other than water
throughout the study day. Thus, our study design rep-
resents responses to arginine doses in the presence of
adequate nutrients and calories.

During a study day, subjects consumed 8 hourly
complete meals. Each meal had one twelfth of the daily
dose of arginine. This study design is to ensure that we
reach steady state in isotope with the doses of arginine
provided. Seven breath samples (three at baseline and
four at isotopic steady state) and one blood sample were
collected during each study day. VCO2 measured by
continuous, open-circuit indirect calorimetry (Figure 2)
after the fifth meal was used to calculate rate of CO2

production on each study day.

2.3.4 | Isotope protocol

The isotopic labelled tracers were NaH13CO3 and L-
[1-13C] lysine:2HCL (verified 99% enrichment by
Cambridge Isotope Laboratories, Woburn, Massachusetts).
The oral tracer protocol began at the fifth meal while the
four previous meals allowed for stabilisation of natural
background 13C, and collection of baseline breath samples
(Figure 2). The subject's weight was measured at the
beginning of each study day for isotope dose accuracy.
Priming doses of NaH13CO3 (2.023 mmol/kg) and L-
[1-13C] lysine (6.36 mmol/kg) was given with the fifth
meal. NaH13CO3 was only given during the fifth meal
at the start of isotope infusion to achieve a whole-body
steady state in 13CO2 quickly.

16 L-[1-13C] lysine isotope
(3.6 mmol/kg) was given at the fifth meal and as a con-
tinuous dose with the remaining four meals. The

priming and continuous doses of isotope were directly
added to the liquid 'shake'. This primed-constant infusion
of isotopes with hourly lysine intakes will ensure steady
state isotope kinetics and will allow the calculation of the
in-vivo metabolic capacity to catabolise lysine with graded
increase in arginine intakes. The amount of L-[1-13C]
lysine given during the isotope tracer protocol was sub-
tracted from the dietary provision of lysine to provide the
total daily intake of 30 mg/kg/d.

2.4 | Sample collection and analysis

Breath samples were collected in disposable Exetainers
(Labco Limited, United Kingdom) using a collection
mechanism that allows the removal of dead-air space
(QuinTron Instrument Company, Inc., Milwaukee, Wis-
consin). Breath samples were stored at room temperature
until analysed. Enrichment of 13C in breath was
analysed by multi-flow continuous-flow isotope ratio
mass spectrometry (CF-IRMS IsoPrime100 Limited;
Elementar Americas). All analyses were performed in
triplicate. Enrichments were expressed as atoms %
excess (APE) compared with a reference standard of
compressed carbon dioxide gas. The rate of 13CO2

released by L-[1-13C] lysine tracer oxidation in breath
samples was then calculated for each study day using
the tracer kinetics equation:

FIGURE 2 Study day protocol. The experimental complete

diet (with supplemental arginine dose) was given as a test meal

hourly for 8 hours. Lysine was provided at 30 mg/kg/d on all study

days. Each meal was isocaloric and isonitrogenous and represented

one-twelfth of each subject's daily nutrient requirement. Thus, our

study represents responses to L-arginine HCl when a complete diet,

with lysine restriction is followed. Priming doses of the isotopes

NaH13CO3 and L-[1-13C] lysine were given at the fifth meal; an

hourly dose of L-[1-13C] lysine was given simultaneously and

continued throughout the remaining 4 hours. Baseline breath

samples were collected before the tracer protocol began, and

plateau breath samples were collected at isotopic steady state every

30 minutes, beginning 2.5 hours after the tracer protocol began.

The carbon dioxide production rate (VCO2) was measured by

indirect calorimetry after the fifth hourly meal. Blood samples were

collected between the fifth and sixth meal
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F13CO2 =
FCO2 ×ECO2

W

� �
44:6× 60
0:82× 100

� �

where FCO2 is the CO2 production rate (mL/min); ECO2

is the 13CO2 enrichment in expired breath at isotopic steady
state (APE); and W is the weight (kg) of the subject. The
constants 44.6 (μmol/mL) and 60 (min/h) were used to con-
vert FCO2 to μmol/h. The factor 0.82 is the correction for
CO2 retained in the bicarbonate pool of the body in the fed
state. A factor of 100 changes the APE to a fraction. CO2

production was measured during each study day for
20 minutes with an indirect calorimeter (Vmax Encore,
Viasys, California). F13CO2 is a rate expressed as μmol/kg/h.

Blood samples were collected at the Core Lab at BC Chil-
dren's Hospital in heparinised tubes. Blood samples were
stored on ice promptly until centrifuged at 3000g at 4�C for
10 minutes and the separated plasma stored at −80�C.
Plasma free amino acids concentrations were determined by
ion exchange chromatography with post-column ninhydrin
derivatization using an Amino Acid Analyser (AAA)
(Hitachi L8900, Tokyo, Japan) using a modified procedure as
previously described.17 Fifty microliters of plasma was added
to 100 μL of 6% TCA and let stand for 5 minutes, followed by
centrifugation for 15 minutes at 8000g at 4�C. The resulting
supernatant was removed and 20 μL was injected into the
AAA and amino acids separated using an ion exchange col-
umn (Hitachi Packed Column #2622 6.0 × 40 mm Li Type,
Tokyo, Japan). Plasma amino acids were separated and
analysed against an amino acid standard mix (Sigma,
St. Louis, Missouri). The areas under the peaks were inte-
grated using the EZChrom Elite software (version 3.3.2 SP2;
Agilent, Ontario, Canada).

2.5 | Statistical analysis

Subject characteristics are expressed as the mean ± SD.
The effect of graded arginine intake on lysine oxidation
as F13CO2 was tested using linear regression analysis
(GraphPad Prism 8). Plasma amino acid concentrations
(mean ± SD) on each study day, in response to graded
arginine intakes were tested using a linear regression
analysis (GraphPad Prism 8). Significance was set
at P ≤ .05.

3 | RESULTS

3.1 | Subject characteristics

Characteristics of the five subjects who participated in
the study are shown in Table 1. All participants were

healthy adult men and within normal range values for
BMI and body composition.

3.2 | L-[1-13C] lysine oxidation

The primary outcome of lysine oxidation, which is pres-
ented as a fraction of the label tracer oxidised (F13CO2,
μmol/kg/h) is shown in Figure 3. Whole-body lysine oxi-
dation decreased significantly (P = .0005) with a negative
slope (y = −0.0006x + 0.7302, R2 = 0.36) with increasing
intakes of arginine.

3.3 | Plasma concentrations of arginine
and lysine in response to oral L-arginine
supplementation

Plasma arginine concentrations (μmol/L) (Figure 4) signifi-
cantly increased with increasing intakes of arginine
(y = 0.4698x + 55.67, R2 = 0.85, P = <.0001). Plasma lysine
concentrations (μmol/L) (Figure 4) significantly decreased
with increasing intakes of arginine (y = −0.1043x + 163.1,
R2 = 0.31, P = .0017).

4 | DISCUSSION

Using in-vivo stable isotope labelling of lysine in healthy
young adult males, we could show that increasing doses
of enteral L-arginine HCl were associated with a decrease

FIGURE 3 Oxidation of L-[1-13C] lysine in response to graded

oral supplements of L-arginine HCl. Five (n = 5) participants with

individual study day oxidation values (N = 30) are presented. Two

subjects participated in 50, 100, 150, 200, 250, and 300 mg/kg/d

studies. Three subjects participated in 100, 200, 300, 400, 500, and

600 mg/kg/d studies. Oxidation of 13C-Lysine decreased

significantly (P = .0005) with increasing arginine intakes
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in whole-body lysine oxidation and plasma lysine con-
centrations as well as an increase in plasma arginine con-
centrations. While the reduced oxidation rates indicate a
reduced availability of lysine for catabolic degradation at
the systemic level, the concomitant changes in plasma
lysine and arginine concentrations are suggestive of a
reduced lysine and an increased arginine uptake in the
gut. To achieve lysine arginine antagonism strong enough
to result in plasma lysine levels lower than normal range,
L-arginine dosages as high as 400-600 mg/kg/d were
needed which produced plasma arginine concentrations as
high as 250-350 μmol/L.

Importantly, the observed changes occurred at a
lysine intake at the DRI (30 mg/kg/d for young male
adults), which is significantly lower than the average
intake of healthy males who consume 5.3 g of lysine per

day (70 mg/kg/d in a 75 kg male). However, the intake of
lysine provided to the subjects in the current study falls
within the degree of lysine restriction as recommended
for GA1 and PDE3,18:30-45 mg/kg/d of lysine for
>7 years, 45-80 mg/kg/d for 1-7 years, 70-100 mg/kg/d
for <1 year of age.4,18

The current recommendation for arginine intake in
the treatment of GA1 is based on theoretical calculations
of lysine arginine antagonism at the BBB in the presence
of a diet providing arginine and lysine at a ratio of
0.5-0.8.5 Such a ratio is provided when infants with GA1
receive their protein requirements via a combination of
breastmilk and an ALFA containing 90 mg/g protein of
arginine (vs 34 mg/g in breast milk) and providing
119-137 mg/kg/d of total arginine (vs 51-54 mg/kg/d with
breast milk alone).5 Because of empirical benefits in
preventing encephalopathy, provision of ALFA along
with a lysine restricted diet is considered to provide suffi-
cient arginine without additional arginine supplements
being required for the nutritional management of GA1.10

While the recommended arginine intake for GA1
patients is considerably lower than the intake needed to
reduce lysine oxidation in our study, the amounts of argi-
nine recommended for PDE patients comes closer to our
findings. Administration of 150 mg/kg/d of L-arginine,
along with arginine from natural food and ALFA resulted
in a total arginine intake of 230 and 355 mg/kg/d total argi-
nine in six patients published by Coughlin et al6 In combi-
nation with a lysine-restricted diet, these amounts of L-
arginine resulted in a reduced accumulation of lysinergic
metabolites such as α-AASA and P6C in blood and urine.6

Similar effects were observed in other studies with L-
arginine supplementation at 100-400 mg/kg/d.6,11-13,19,20 An
improved clinical and biochemical outcome was even
observed in a 12-year old PDE patient who began L-arginine
supplementation at 400 mg/kg/d (15 g/d), but neither
followed a lysine restricted diet nor took ALFA.20

The safety profile of L-arginine supplements has been
established mainly through their use in the treatment
of various metabolic disorders. Doses of 200-400 mg/kg
IV L-arginine HCl administered as boluses over
90-120 minutes, and similar dosages given orally, have been
safe in the acute and chronic treatment of UCDs.21 In
MELAS intravenous and oral L-arginine HCl dosages at
500 mg/kg IV have been safely used in the treatment and
prevention of metabolic strokes.22 Finally, based on long
term use in adult probands, dosages of 30-40 g/d (equiv-
alent to 400-600 mg/kg/d in the average male)23-25 were
shown to be safe, while gastrointestinal side effects,
diarrhoea mainly, were found when similar amounts of
L-arginine were given as boluses. Based on this evidence,
we are confident that the dosages needed to induce
lysine arginine antagonism in our probands were within

(A)

(B)

FIGURE 4 Plasma concentrations of arginine, A, and

lysine, B, in response to graded oral supplements of L-arginine HCl.

Values are presented as means ± SD; n = 2-5, per mean. Shaded

areas within the dashed lines represent normal plasma

concentration ranges
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the safety limits. However, for patients who may be con-
suming supplements much longer than the reported
study periods our results needs to be interpreted with
caution. The recent guidelines for management of urea
cycle disorders,21 recommends maintaining plasma argi-
nine concentrations under 120 μmol/L, which is much
higher than the plasma values observed in our study. It
will be important to monitor patients on arginine ther-
apy with routine measurement of plasma amino acids,
ammonia and urea to prevent toxicity.

In natural protein, arginine occurs as DL-racemic com-
pound. L-Arginine is the biologically active isomer and
supplements used for medical purposes are available as
purified L-arginine product on prescription. Arginine as a
nutritional supplement is mostly available as L-arginine
HCl because of its higher stability compared to the free
amino acid. In our study we used L-arginine HCl to
achieve our doses of 50, 100, 150, 200, 250, 300, 400, 500,
and 600 mg/kg/d, which correspond to 41, 82, 123, 164,
206, 247, 329, 411, and 493 mg/kg/d of free L-arginine.
Given the molecular mass of HCl, L-arginine HCl is
~17.8% heavier than L-arginine provided as a free amino
acid. Readers must be aware of these differences when
comparing earlier studies, as studies differ in the supple-
ment forms.

The following considerations should be taken into
account in the interpretation of our results. First, in GA1
and PDE the primary site of pathophysiology is localised
in the brain and toxic metabolites produced by the catab-
olism of lysine directly in the brain is considered the
major offending mechanism. In our experimental setting
we could determine the effects of L-arginine HCl supple-
mentation on whole-body lysine arginine antagonism,
but we were not able to selectively determine its effects at
the BBB. Whether the antagonism occurs at the brain
level needs to be explored in future. Second, in our study,
L-arginine HCl dosages as high 400-600 mg/kg/d were
needed to effectively reduce lysine oxidation at a lysine
intake limited to the DRI. It is likely that much higher
dosages of arginine would be needed to achieve a similar
effect in the presence of higher lysine intakes, and indi-
viduals need to be monitored for arginine toxicity.21 We
conducted a pilot study (unpublished) using a lysine
intake at 75 mg/kg/d. Based on a reported habitual con-
sumption of 5.3 g of lysine per day in North America,26

this lysine intake represents the average intake of healthy
adult males weighing 75 kg. At the increased lysine
intake, arginine supplementation at 300 mg/kg/d was not
sufficient to induce a reduction in lysine oxidation.

Another limitation of our results is that our study was
conducted in a well-controlled repeated measure design
following an acute dosing strategy, while the effects of
chronic arginine dosing (as used in clinical practice)

might be different. In our study setting, arginine was pro-
vided in multiple dosages during an 8 hour-test period to
achieve steady state in isotope kinetics, which is also dif-
ferent from real life practice where arginine is taken at
larger doses, but with longer intervals. Finally, the results
of our study refer to healthy male adults and therefore
cannot be generalised to a paediatric patient population,
women or to patients with PDE and GA1.

In the future, we plan to use this experimental design
to study lysine oxidation in response to a therapeutic dose
of arginine and concomitant lysine restriction in patients
with PDE. Additional assessment of biochemical markers
α-AASA in plasma and urine will provide clinical evi-
dence on the efficacy of arginine supplementation on
reduction of metabolite accumulation. Ultimately, find-
ings will inform ideal dosing of arginine for patients
with PDE.
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