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ABSTRACT

Background: Endothelial dysfunction is associated with the de-
creased exercise capacity observed in heart-transplant (HTx) recip-
ients. L-Arginine supplementation (LAS) stimulates the nitric oxide
(NO) pathway and restores endothelial function.

Objective: We compared exercise capacity in healthy subjects and
HTx patients and investigated whether chronic LAS might improve
exercise capacity and NO/endothelin balance after an HTx.
Design: Clinical, echocardiographic, and exercise characteristics
were measured in 11 control subjects and 22 HTx recipients. In
a prospective, double-blind study, the 22 HTx recipients performed
a 6-min exercise [6-min-walk test (6MWT)] and a maximal bicycle
exercise test before and after a 6-wk period of placebo intake or
LAS. Endothelial function was measured by analyzing blood NO
metabolites, endothelin, and the resulting NO/endothelin balance.
Results: Exercise capacity decreased after transplantation. Unlike
with the placebo intake, 6 wk of LAS improved quality of life in
HTx recipients (mean = SEM Minnesota Score: from 15.3 * 1.3 to
10.6 = 1.1; P < 0.001) and their submaximal exercise capacity. The
distance walked during the 6MWT increased (from 525 * 20 to
580 = 20 m; P = 0.002), and the ventilatory threshold during the
incremental test was delayed by 1.2 min (P = 0.01). Central factors
such as resting stroke volume, systolic pulmonary arterial pressure,
cardiac systolodiastolic functions, and heart-rate reserve were not
modified, but LAS significantly increased the NO:endothelin ratio
(from 2.49 = 0.38 to 3.31 * 0.39; P = 0.03).

Conclusion: Oral LAS may be a useful adjuvant therapeutic to im-
prove quality of life and exercise tolerance in HTx recipients. AmJ
Clin Nutr 2010;91:1261-7.

INTRODUCTION

Exercise capacity is generally reduced after a heart transplant
(HTx). Although functional status and exercise performance
steadily increase during the first 3 mo after surgery, HTx patients
still have a lower exercise capacity than matched sedentary
persons (1, 2). This is an important clinical problem because
lower exercise capacity indicates a lower quality of life.

Central and peripheral factors limit exercise capacity (3).
Cardiac diastolic dysfunction and chronotropic insufficiency as
well as muscular (4) and endothelial dysfunction (5, 6) appear to
be the main limiting factors of exercise capacity after HTx. An
increase in training-induced exercise capacity is related to pe-
ripheral factors including an improvement in muscular or en-
dothelial function (3, 7-9). This is not surprising because the
endothelium modulates vascular tone, structure, and function
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(10) and plays a pivotal role in redistributing blood flow toward
active muscles during exercise through the secretion of vaso-
motor factors. The vasodilator nitric oxide (NO) and the vaso-
constrictor endothelin-1 are mainly secreted by endothelial cells
and modulate blood flow and oxygen supply to working muscles
(11). As NO and endothelin synthesis are interdependent, the NO/
endothelin balance may be a key factor in peripheral limitation of
exercise capacity. The NO/endothelin balance was shown to have
increased and to be related to the degree of improvement in the
aerobic exercise capacity of individuals in response to training
(12).

After an HTx, the disruption of endothelial homeostasis is
common (13, 14). In addition to preexisting factors and cytokine
elevation, immunosuppressive therapy is largely implicated in
such abnormalities. In particular, cyclosporine induces endo-
thelial dysfunction through an elevation in endothelin-1 release
by capillaries (15, 16). Such endothelial dysfunction is charac-
terized by abnormal resting and exercise vasomotor functions that
are associated with decreased NO bioavailability and an in-
creased endothelin synthesis in muscular and coronary arteries
(13, 17-20).

NO bioavailability can be restored by L-arginine supplemen-
tation (LAS) because L-arginine, a semiessential amino acid, is
the precursor of NO production. Although LAS is controversial,
and its effectiveness probably depends on the degree of NO-
pathway impairment (11), LAS was shown to increase NO
concentrations and to decrease endothelin-1 plasma concen-
trations. LAS also improved endothelial function and exercise
capacity in healthy subjects, patients with heart failure, and
patients with diabetes (21-26).

Because the limitation of exercise capacity is related to en-
dothelial dysfunction (27, 28) and impaired NO production in
HTx patients (29), and LAS might attenuate coronary (30) or
peripheral endothelial dysfunction (6-31) after an HTx, we
hypothesized that chronic LAS might increase NO bioavailability
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and thus improve the NO/endothelin balance and exercise ca-
pacity in HTx patients.

Therefore, we examined the biological and clinical effects of
a 6-wk intake of oral LAS compared with a placebo and in-
vestigated the exercise capacity of HTx recipients in a 6-min-
walk test (60MWT) and a maximal bicycle exercise test.

SUBJECTS AND METHODS

Population

Twenty-two male sedentary patients (>18 y old), who had
transplants >6 mo before the study and were in sinus rhythm
and clinically stable (reject free for >3 mo), participated in the
study. Exclusion criteria included an unstable cardiac pathology,
obesity [body mass index (in kg/m*) > 40], participation in
another study in the past month, chronic renal failure (creatinine
clearance < 20 mL/min), renal transplantation, diabetes, im-
possibility to practice an exercise test, or nitrate therapy.

HTx patients were randomly assigned to the L-arginine group
(6 g L-arginine twice/d; Dynamisan; Novartis, Rueil Malmaison,
France) or placebo group.

To measure normal clinical and exercise values, 11 healthy
sedentary age- and sex-matched subjects served as control
subjects.

Study design

Clinical data and all tests (6MWT, maximal bicycle test,
echocardiography, and blood sampling) were performed at
baseline (before any supplementation) and after 6 wk of placebo
intake or LAS.

In this prospective, double-blind study, after a standardized
meal, patients performed the 6MWT and, after a 2-h resting
period, a maximal upright bicycle cardiopulmonary exercise test
in a quiet air-conditioned room (21°C). To avoid circadian
variation, all exercise tests were performed between 1400 and
1600.

All patients gave written informed consent, and the hospital
and the university review board for human studies approved the
study.

Variables measured

Echocardiograms were recorded in all subjects with the ATL
HDI 5000 echocardiography system (Bothell, WA). Subjects
were examined in the left lateral position by using parasternal
(long and short axes) and apical views. The same trained cardiac
sonographer, who was blinded to the patient’s group, took all
images and measurements following the American Society of
Echocardiography recommendations (32). Systolic function was
assessed by the left ejection fraction (%), which was determined
in the 4 and 2 apical views with the Simpson’s method. Cardiac
output [CO (L/min)] was calculated by using the following
equation:

CO = VTI X HR X LVOT area (1)

where VTT s the aortic velocity time integral, HR is the heart rate,
and LVOT is the left ventricular outflow track with LVOT area =
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X (r = radius), which is derived from the measure of the
valve annulus diameter. Stroke volume [SV (mL)] was also
calculated by dividing the cardiac output by HR.

To assess diastolic function, mitral valve pulsed Doppler
waves were recorded from the apical 4-chamber view with the
sample volume placed at the mitral leaflet tips. Peak early
transmitral filling velocity (E) and peak late transmitral atrial
filling velocity (A) were measured, and E:A ratios were calcu-
lated. Tissue Doppler imaging (TDI) of the lateral mitral annulus
at end expiration from the apical 4-chamber view was done by
using a 5-mm sample volume. The peak early diastolic mitral
annulus velocity (Ea) and diastolic velocity of the posterior wall
were measured with TDI. The E:Ea ratio was calculated and used
to estimate the left ventricular filling pressure. When possible,
tricuspid velocity regurgitation was measured [TVR (m/s)] to
estimate the systolic pulmonary artery pressure (sPAP):

sPAP (mm Hg) = 4 X TVR? + RAP (2)

where RAP is the estimated right atrial pressure (mm Hg).
For each variable, 3 consecutive beats were measured, and the
average value was recorded.

Biological variables

Blood samples were taken at rest and immediately centrifuged,
separated, and stored at —80°C for subsequent analysis.

The amino acid plasma concentration was measured by
high-performance liquid chromatography by using liquid chro-
matography separation and fluorimetric detection with ortho-
phtaldialdehyde (Liquimat IV Kontron; Zurich, Switzerland)
with a mean CV of 6.5%.

Endothelin-1 was measured by radioimmunoassay (Commer-
cial kits; Amersham Pharmacia Biotech, Buckinghamshire,
United Kingdom) after extraction by ethanol-acetic acid solution
on Sep-Pak CI18 cartridges (Waters Associated, Inc, Milford,
MA). The intraassay CV for duplicate samples was 4.5% for the
observed values.

Plasma nitrates and nitrites (NOx) were measured by the
colorimetric method on the basis of the Griess reaction.

Exercise tests
O6MWT

The 6MWT was coached to patients in a calibrated corridor by
the same physicians according to American Thoracic Society
recommendations (33). Results were expressed as the actual
distance walked in meters. Before the test, patients rested in
a chair near the starting position for 10 min. HR and pulse oxygen
saturation (%) were continuously measured with a finger pulse
oxymeter (Oxypleth; Novametrix, Wallingford, CT) during the
test and first 3 min of recovery.

Maximal cardiopulmonary bicycle exercise test

All HTX patients performed a maximal bicycle exercise test
between 1400 and 1600 with an electronically braked bicycle
ergometer (Medifit 1000 S; Medifit, Maarn, Netherlands) before
and after a 6-wk period of placebo intake or LAS.

We used the same protocol for all patients, and after a warm-up
on the bicycle for 3 min set at 30 W, the exercise workload
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was increased by 15 W/min. Patients were asked to exercise
until exhausted. Exhaustion was defined as the inability to
maintain the pedal frequency >50 rpm because of leg fatigue or
dyspnea.

While sitting on the bicycle, patients were connected to a re-
spiratory gas analysis system both before and during exercise.
Breath-by-breath oxygen uptake [VO, (-mL™"-min~"- kg M1,
carbon dioxide output [VCO, (- mL™! - min™! - kgfl)], and
minute ventilation [VE (L/min)] were measured with a ergo-
spirometer (Vmax 229; Sensormedics, Yorba Linda, CA), av-
eraged, and printed every 30 s. We calculated the oxygen pulse
[O,/HR (mL O,/b)] as an index of peripheral oxygen avail-
ability. Peak oxygen uptake was defined as the highest value of
oxygen consumption during the last minute of exercise. Two
blinded examiners used the V-slope method to manually mea-
sure the ventilatory threshold. The mean = SEM interobserver
variability for the ventilatory threshold measurement was 4.8 *+
1.64%.

Electrocardiographic activity was monitored continuously
(Cardiovit CS-200; Schiller, Zurich, Switzerland), and systemic
arterial blood pressure was registered every 2 min with a
sphygmomanometer.

Patient quality of life

Patient quality of life was measured with the Minnesota Living
with Heart Failure questionnaire (34).

Statistical analyses

All values are expressed as means = SEMs. Comparisons of
the 3 groups (control, placebo, and L-arginine) were tested by
a one-factor analysis of variance. Changes in cardio-respiratory
and biological variables were assessed by a 2-factor analysis of
variance with repeated measures, considering the effect of the
group (placebo or L-arginine) and the effect of time (before and
after). P < 0.05 was considered statistically significant, and we
used a post hoc multiple-comparison procedure (corrected
Bonferroni method) to investigate these differences. We also
indicated the ranger of the power of the performed tests with o =
0.05. All statistical analysis was done with SigmaStat (version
3.5 for Windows; Systat Software, Point Richmond, CA).
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RESULTS

Three patients did not complete the protocol, one patient in the
L-arginine group did not complete the protocol because of ex-
acerbated hypertension, and 2 patients in the placebo group did
not complete the protocol because of personal convenience.
These 3 patients were excluded from the study. With LAS, one
HTx patient experienced vertigo at the beginning of the study
without any objective clinical confirmation. This sensation dis-
appeared, and the patient completed the protocol. No other
potential adverse effects were noted. The power of the per-
formed tests ranged, when not significant, between 0.05 and
0.57.

Clinical and biological characteristics of the subjects

As shown in Table 1, the control subjects and HTx patients
were similar concerning age, body mass index, and mean arterial
systemic pressure. The average HR of HTx patients was higher
than the average HR of control subjects, most likely because of
surgically induced cardiac denervation (5, 35). Immunosup-
pressive therapy, cyclosporine plasma concentrations, and time
since transplantation were similar in both HTx patient groups.
Except for one patient, all patients received transplants because
of a dilated cardiomyopathy. All patients had systemic hyper-
tension treated with an angiotensin-converting enzyme inhibitor
(n = 15) or calcium antagonist (n = 9) but none of them took
p-blockers. There were no current smokers in the HTx or control
groups (before having HTxs, there was one former smoker in the
placebo group and one former smoker in the L-arginine group).
All HTx patients were systematically treated with pravastatin
(20 mg/d).

Echocardiographic characteristics of the subjects: systolic
and diastolic function

As shown in Table 2, all HTx patients in the 2 groups had
normal left ventricular systolic function (ejection fraction) and
SV. Although echocardiographic assessment of diastolic func-
tion was not previously validated in cardiac-transplant recipi-
ents, we measured the E and A. The resultant E:A ratio and the
normal E:Ea ratio confirmed normal diastolic function and
normal left ventricular filling. No significant difference was
shown with the control group for systolic or diastolic function.

TABLE 1
Baseline clinical, biological, and hemodynamic characteristics of the control, placebo, and L-arginine groups]

Control (n = 11) Placebo (n = 10) L-Arginine (n = 9) P
Age (y) 579 £ 1.2 545 £ 2.5 57.1 £29 NS
BMI (kg/m?) 25.7 = 0.59 26.1 = 0.95 254 + 1.83 NS
Time since transplant (mo) — 578 = 15.2 58.6 = 13.9 NS
Cyclosporine (mg/d) — 1745 £ 17.5 207.8 £ 19.6 NS
Prednisolone (mg/d) — 7.0 £ 1.0 7.5+ 14 NS
Mycophenolate mofetil (mg/d) — 1583 = 327 1143 = 142 NS
Cyclosporine plasma — 100.6 = 10.9 101.7 = 84 NS

concentrations (ng/ml)

HR (beats/min) 74.6 * 3.5° 977 £ 24 102.1 £ 2.6 <0.0001
MAP (mm Hg) 95.6 £ 3.1 97.8 + 2.6 972 +23 NS

Al values are means + SEMs. HR, heart rate; MAP, mean arterial pressure. Significance was determined by using

one-factor ANOVA.

2 P < 0.0001 between the control group and heart-transplant patients (placebo and L-arginine groups).
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TABLE 2
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Echocardiography and Doppler variables: systolic and diastolic left heart function and pulmonary arterial pressure before

and after 6 wk in the placebo and L-arginine groups’

Placebo (n = 10)

L-Arginine (n = 9)

Before After Before After P
EF (%) 65.7 14 65.7 14 653 £33 67.7 = 2.6 NS
SV (mL) 81.5 £ 64 824 + 54 787 = 5.5 82.0 = 5.7 NS
E/A 1.73 = 0.10 1.70 = 0.12 1.64 = 0.06 1.74 = 0.04 NS
Ea (cm/s) 16.1 = 0.87 17.0 = 0.77 16.7 = 0.9 16.7 = 0.8 NS
E/Ea 495 * 0.52 4.55 £ 0.99 427 £ 0.21 4.13 £ 0.29 NS
TDI,,,, (cm/s) 18.9 = 0.8 209 = 1.2 1729 + 1.2 18.28 = 1.6 NS
TVR (m/s) 24 = 0.14 2.5 = 0.16 2.3 +0.13 22 *+0.13 NS
sPAP (mm Hg) 29.2 = 3.6 31.8 = 3.9 272+ 25 244 =22 NS

1 All values are means = SEMs. EF, ejection fraction; SV, stroke volume; E, peak early transmitral filling velocity; A,
peak late transmitral filling velocity; Ea, peak early diastolic mitral annulus velocity; TDI,,, diastolic velocity of the
posterior wall in tissue Doppler imaging; TVR, tricuspid velocity regurgitation peak velocity; sPAP, estimated systolic
pulmonary arterial pressure. P values were adjusted by using Bonferroni correction. There were no significant interactions
and no significant differences between groups (2-factor ANOVA).

No change was observed in either the placebo or L-arginine
echocardiographic values after 6 wk in the HTx groups.

Quality of life

The quality of life in both groups was similar to that previously
reported after an HTx (1). The quality of life remained unchanged
after 6 wk in the placebo group. However, after 6 wk of oral LAS,
the quality of life increased in the L-arginine group, as inferred by
the significant decrease in the Minnesota Score (from 15.3 = 1.3
to 10.6 = 1.1; P < 0.001) (Figure 1).

Exercise capacity
6MWT

At baseline, the distances walked were similar in both patient
groups (520 = 21 and 525 = 20 m in the placebo and L-arginine
groups, respectively), which were significantly lower than the
distance walked in the control group (608 *= 12 m; P < 0.01).

After 6 wk, the walking distance significantly increased only
after LAS (to 580 £ 20 m; +9.4 + 1%, P = 0.002) and remained
unchanged after placebo intake (510 = 15 m; NS) (Figure 2A).
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FIGURE 1. Mean (*SEM) quality-of-life (Minnesota Score) values in
the placebo (PBO; n = 10; left panel) and L-arginine (ARG; n = 9; right
panel) groups before (white bars) and after (black bars) 6 wk. There were no
significant differences at baseline between the 2 groups. The time-by-
treatment interaction was significant at P < 0.001 (2-factor ANOVA).

Bicycle exercise test

At baseline, the maximal exercise performance of our HTx
recipients was significantly lower than that the sedentary healthy
control group. The maximal oxygen uptakes were 23.7 = 1.5,
23.6 = 1.8, and 30.0 = 1.1 - mL™' - min~' - kg~ ' in the pla-
cebo, L-arginine, and control groups, respectively (P < 0.001),
and the maximal power was 136.5 = 14.4, 136.5 £ 13.1, and
178.3 = 15.2 W in the same 3 groups, respectively (P < 0.001).
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FIGURE 2. Mean (*=SEM) exercise capacity in both groups: distance (m)
walked during the 6-min-walk test (A) and exercise time (min) before the
ventilatory threshold (VT) (B) before (white bars) and after (black bars) 6
wk in the placebo (PBO; n = 10; left panel) and L-arginine (ARG; n = 9; right
panel) groups. There were no significant differences at baseline between the

2 groups. The time-by-treatment interaction was significant at P < 0.001
(2-factor ANOVA).
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The patients stopped exercising because of leg fatigue (n = 18)
or dyspnea (n = 3). The HR and blood pressure responses were
similar in both HTx groups: HR increased from 97.7 £ 2.4 to
146.8 = 5.6 and 102.1 £ 2.6 to 148.6 = 5.3 beats/min in the
placebo and r-arginine groups, respectively; and mean arterial
blood pressure increased from rest to the end of exercise from
97.8 +£2.6t0116.3 = 2.8and 94.8 = 2.4 t0 110.7 = 3.1 mm Hg
in the placebo and L-arginine groups respectively. In the con-
trol group, the HR increased from 74.6 = 3.5 to 172.4 = 0.9
beats/min.

After 6 wk, resting and maximal exercise HRs were lower in
the L-arginine group (Table 3), without any variation in the HR
reserve (HRR, calculated as peak HR — resting HR; Table 3) or
mean arterial pressure compared with baseline values. However,
in the L-arginine group, we observed a significant delay in the
ventilatory threshold (+1.2 min; P = 0.01; Figure 2B) and an
increase in simultaneous increased oxygen uptake (16.5 = 0.8 to
185+ 1.1 -mL™" - min~' - kg™"; P = 0.037).

In contrast, maximal exercise VOZ was not modified after
placebo intake or LAS (23.7 = 1.5 to 22.2 = 1.3 and 23.6 =
18t0245 + 1.7 - mL™" - min~"' - kg™" in the placebo and
L-arginine groups, respectively).

The maximal oxygen pulse, product of the SV and arterio-
venous difference in oxygen (A—V), an indirect index of oxygen
extraction, only increased significantly in the L-arginine group
from 11.6 = 0.8-12.6 = 0.8 mL Oy/b (P = 0.002).

L-Arginine, endothelin-1, and NOx

The L-arginine plasma concentration increased significantly
only after supplementation (from 113 = 11.7 to 243.6 = 19.5
umol/L; +125%; P < 0.001) in the L-arginine group compared
with placebo (from 106.7 £ 6.3 to 112.7 = 7.1 umol/L).

Before supplementation, plasma endothelin-1 and NOx were
similar in both groups (18.2 = 0.8 and 17.5 = 0.9 pmol/L and
36.3 = 5.1 and 41 = 5.6 umol/L for endothelin-1 and NOx for
the placebo and L-arginine groups, respectively). After supple-
mentation, the NOx:endothelin-1 ratio significantly increased in
the L-arginine group (from 2.49 = 0.38 to 3.31 = 0.39, P =0.03,
and from 2.02 = 0.28 to 2.33 = 0.34, NS, for the L-arginine and
placebo groups, respectively) (Figure 3).

DISCUSSION

The major finding of this study is that chronic LAS signifi-
cantly improved the quality of life and submaximal exercise

TABLE 3
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FIGURE 3. Mean (=SEM) nitric oxide/endothelin (NOx/ET) ratio before
(white bars) and after (black bars) 6 wk in both placebo (PBO; n = 10; left
panel) and L-arginine groups (ARG; n = 9; right panel). There were no
significant differences at baseline between the 2 groups. The time-by-
treatment interaction was significant at P = 0.002 (2-factor ANOVA).

capacity in HTx recipients. LAS increased the distance walked
during the 6MWT and delayed the onset of the ventilatory
threshold during the maximal bicycle exercise test.

Rather than depending on central factors (no change in resting
HR or cardiac function), this improvement in exercise capacity
could be dependent on peripheral factors including the NO/
endothelin balance.

Exercise capacity after an HTx

Despite having an HTX, the exercise capacity of HTx recip-
ients remains lower than expected and their exercise tolerance is
reduced (1). Accordingly, the HTx patients is the current study
has significantly reduced values of exercise capacity in both
exercise tests compared with the values for control subjects.

The 6MWT is relatively easy to perform and is a valuable
prognostic tool for cardiovascular disease. This test is commonly
used in patients with heart failure (36), patients with pulmonary
hypertension (37), and patients with chronic obstructive pul-
monary disease or older healthy people (38). This test corre-
sponds to real-life situations. In the current study, the 6MWT and
maximal exercise test showed a reduced submaximal exercise
capacity and that the ventilatory threshold occurred earlier in the
maximal exercise test. We also observed a reduction in values of
maximal exercise capacity in HTx patients compared with
normal values (4, 7).

Heart rate (HR) at rest and at end of exercise (EE) and heart-rate reserve (HRR) before and after 6 wk in the placebo and

L-arginine groups’

Placebo (n = 10)

L-Arginine (n = 9)

Before After Before After
Rest HR (beats/min) 977 £ 24 98.1 £ 29 102.1 £ 2.6 94.1 * 3.8°
EE HR (beats/min) 146.8 = 5.6 150.7 = 5.7 148.6 £ 5.3 1432 + 5.1°
HRR (beats/min) 49 = 74 52.6 = 6.1 46.4 = 47 49.1 £ 5.5

" All values are means + SEMs. There were significant interactions for rest HR (P = 0.039) and EE HR (P = 0.018) and
no significant differences at baseline between the placebo and L-arginine groups (2-factor ANOVA).
23 Change from baseline in the L-arginine group: P = 0.009, *P = 0.01.
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Several mechanisms have been proposed that explain these
limitations. Before surgery, the primary disease and long-term
inactivity play a role. After surgery, central factors (cardiac di-
astolic dysfunction and cardiac denervation resulting in chro-
notropic incompetence) as well as peripheral factors such as
endothelial and muscular dysfunctions most likely contribute to
a reduced exercise capacity (1-9).

In our study group, which included HTx patients with no
complications, it is unlikely that central factors played an im-
portant limiting role. Indeed, cardiac systolic and diastolic
functions were similar to that of healthy control subjects. Al-
though a reduced HRR was shown in our HTx patients, which
was caused by increased resting HR after surgical cardiac de-
nervation, no relation was observed between HRR and exercise
capacity. Such a relation has been observed mainly in highly
trained HTx patients, suggesting that greater exercise intensity
may be necessary to reveal the central limitation of exercise
capacity after an HTx (4).

The role of vascular and muscular alterations should be
considered peripheral factors. Muscular alterations may be due to
a direct deleterious effect of deconditioning or the immuno-
suppressive therapy. Indeed, both glucocorticoids (39) and cy-
closporine (40) were shown to damage the muscles of HTx
recipients by interfering with mitochondrial function. Skeletal
muscle dysfunction might also be the outcome of relative hypoxia
from inadequate perfusion, and as a result, vascular dysfunction
is related to exercise-capacity reduction after an HTx (28). In this
study, we investigated the endothelial function of our patients by
measuring their NO/endothelin balance before and after the 6-wk
LAS or placebo intake.

Effect of chronic LAS

We confirmed our hypothesis that chronic LAS significantly
improved the submaximal exercise capacity of patients after an
HTx. Indeed, both the distance walked during the 6 MWT and the
time elapsed before the ventilatory threshold during the bicycle
test, known to be independent of the patient’s motivation, increased
after LAS, whereas these factors were unchanged after the placebo
intake. Such results are of particular clinical importance because
these variables correlate better with daily life symptoms than peak
VO, (41). Accordingly, the patients described an improved
quality of life after L-arginine supplementation.

The mechanisms of LAS effects on HR should be investigated.
LAS significantly decreased the resting HRs of our patients, and
this may theoretically improve their exercise capacity by reversing
the chronotropic insufficiency of an HTx. An L-arginine-related
HR decrease was described in healthy and in heart-failure
patients (42). The mechanisms involved remain unclear, but
a direct or indirect increase in parasympathetic activity might
play a key role (42, 43). Such a hypothesis might well apply in
cardiac-denervated HTx patients because the cardiac hormone
atrial natriuretic peptide may have a cardiac-sympathoinhibitory
effect in patients after an HTx (44).

However, the exercise-induced HR increase was also blunted
after LAS in the current study. The HRR was not enhanced,
making it unlikely that the beneficial effect of LAS on exercise
capacity was obtained through this central pathway.

Because potential central limiting factors were not improved,
LAS might have worked through peripheral mechanisms. Indeed,
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HTx endothelial dysfunction was related to the exercise capacity
of patients (5, 29), and LAS reduced impairments in the vascular
endothelial NO pathway (6). Furthermore, LAS increased NO
and decreased endothelin-1 plasma concentrations, thereby im-
proving endothelial function and exercise capacity in heart-
failure or HTx patients (21, 45). Therefore, we chose to measure
the NOx/endothelin balance as an endothelial biological function
in our patients before and after supplementation.

The NOx/endothelin ratio significantly increased after chronic
LAS, suggesting that the beneficial effects of L-arginine on the
exercise capacity of patients after an HTx might, at least partly,
be related to an improvement in skeletal muscle vasodilatation
and oxygen delivery and extraction during exercise as suggested
by the significant increase in the oxygen pulse after LAS.

In conclusion, oral LAS increased submaximal exercise per-
formance and the NOx:endothelin ratio in HTx recipients. These
results suggest that LAS might improve muscular oxygen supply
through an improvement in endothelial function. Therefore, oral
LAS might be useful as a therapeutic adjuvant to improve the
quality of life and exercise tolerance of patients after an HTx.

Study limitations

This pilot study provides support that LAS might improve the
exercise capacity of patients after an HTx. A larger-scale study
should help to determine whether LAS may be useful for all HTx
recipients. It should also better define the mechanisms involved
and particularly analyze changes at the capillary level in muscle
perfusion and/or muscular endothelial function.
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