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Abstract

Background: 1t is well known that the physical activity in chronic hemodialysis patients de-
creases compared to that in normal subjects. In order to investigate the effects of L-carnitine
on physical capacity and lipid metabolism, a cardiopulmonary exercise test using a bicycle
ergometer was performed before and after 3 months of oral L-carnitine supplementation un-
der double-blind conditions. Methods and Results: A total of 20 stable outpatients undergo-
ing hemodialysis treatment were randomly divided into 2 groups: controls receiving placebo
and patients receiving 900 mg L-carnitine p.o. daily. The levels of free and acyl carnitine in-
creased significantly from 22.9 + 7.3 to 149.9 + 51.8 umol/l and from 16.0 + 2.8 to 100.3 +
50.2 pmol/l, respectively, in the L-carnitine group; however, there was no significant change
in other plasma lipid profiles. The exercise time was decreased and the heart rate at the an-
aerobic threshold was increased in the control group 3 months after the study period, but
there were no such changes observed in the L-carnitine group. The minute ventilation/CO,
output slope increased significantly from 38.9 + 7.8 to 43.8 + 11.8 in the L-carnitine group. It
has been speculated that a shift in the energy source occurs from carbohydrate to lipid, in
terms of an increase of oxygen demand. Conclusion: L.-Carnitine supplementation might have
some beneficial effects on the physical capacity of chronic hemodialysis patients due to the
improvement of the lipid metabolism in the muscle. © 2014 S. Karger AG, Basel
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Introduction

L-Carnitine is an essential factor for the membrane transport of acyl-CoA compounds,
especially across the mitochondrial membrane and B-oxidation of lipid. L-Carnitine also regu-
lates the acetyl-CoA/CoA ratio, thereby affecting the pyruvate dehydrogenase activity and the
oxidation metabolism of glucose. Carnitine plays an additional role in the cell by removing
potentially toxic organic acids by esterification forming acyl carnitine. Therefore, the role of
carnitine in the cardiac and muscle metabolism might be highlighted in terms of energy
production [1].

The concentration of L-carnitine in the plasma and tissue of chronic hemodialysis patients
is decreased because of the impaired synthesis in the kidney and liver and the loss across the
dialysis membrane during hemodialysis [2-4].

Muscle weakness is a common complication in hemodialysis patients. A positive corre-
lation between muscle carnitine content and peak exercise performance has been reported
in patients on chronic hemodialysis [5]. However, the benefit of L-carnitine treatment on
muscle function and weakness is not established [2, 6-10]. Although the clinical assessment
of symptomatology always presents serious problems of interpretation and reliability, studies
that used more objective measures to evaluate the exercise capacity also revealed conflicting
results [2, 6-10].

In order to clarify the effects of L-carnitine on the physical capacity and the lipid metab-
olism, CPX (a cardiopulmonary exercise test using a bicycle ergometer) was performed
before and after 3 months of oral L-carnitine supplementation under double-blind condi-
tions.

Subjects and Methods

Subjects

Atotal of 20 stable ambulatory hemodialysis patients were studied. The inclusion criteria
were as follows: chronic hemodialysis for more than 2 years, unchanged dialysis frequency
or duration for the previous 3 months, and stable laboratory data without severe anemia or
hyperparathyroidism. Patients with diabetes and a prior myocardial infarction or a valvular
heart disease were excluded. The patients were randomly assigned either to an active
treatment group (900 mg L-carnitine p.o. daily for 3 months) or a placebo group under double-
blind conditions. The hematological parameters of all patients were measured every month
during the study period. The plasma levels of total and free carnitine were determined at
baseline and at 3 months of the treatment period using the enzyme-cycling method. The study
protocol was approved by the local Ethics Committee. Written informed consent was obtained
from each patient.

Cardiopulmonary Exercise Test Using a Bicycle Ergometer

Exercise testing was performed just after hemodialysis at baseline and at 3 months of the
treatment period. We adopted a ramp test in which the workload increased by 10 W/min with
pedaling at 50-60 rpm until fatigue occurred. Oxygen consumption (VO,), carbon dioxide
output (VCO;), and minute ventilation (VE) were recorded continuously throughout the test
using standard open-circuit spirometric procedures. The anaerobic threshold (AT) was calcu-
lated from the plots of VO, against VCO,. The same technicians performed the CPX before and
after the study period and were unaware of the treatment allocation.
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Statistical Analysis

Descriptive results are shown as the mean value + standard deviation. Data were statisti-
cally analyzed by Student’s t test for paired or unpaired samples and the x? test. p < 0.05 was
regarded as significant.

Results

Patient Allocation and Baseline Characteristics

After randomization, 2 patients had to be excluded due to gastric cancer and an acci-
dental bone fracture. A further 3 patients lacked adequate CPX data. Therefore a total of 15
patients were divided into a placebo group (n = 6) and a L-carnitine-treated group (n = 9;
fig. 1). There were no differences in the parameters examined between the placebo and the
L-carnitine-treated group (table 1).

Lipid Profile

In the L-carnitine group, the levels of free and acyl carnitine were 22.9 * 7.3 pumol/l and
16.0 £ 2.8 umol/l atbaseline, and 149.9 + 51.8 umol/land 100.3 + 50.2 umol/l after 3 months,
respectively. The difference in free carnitine levels at baseline versus after 3 months was
highly significant (p < 0.001), as was that in acyl carnitine levels at baseline versus after 3
months (p < 0.001), representing a sixfold increment in both cases. In the L-carnitine group,
the acyl/free carnitine ratio decreased significantly from 0.74 + 0.15 at baseline to 0.65 +
0.13 after 3 months. There was a significant difference in the acyl/free carnitine ratio
between the placebo and the L-carnitine-treated group after 3 months of L-carnitine supple-
mentation (p < 0.01). There were no significant changes in the plasma lipid concentrations
(table 2).

Effect of Oral L-Carnitine Treatment on CPX

The exercise time decreased and the heart rate at AT increased in the control group after
3 months, but there were no such changes observed in the treated group (table 3). The VE/
VCO; slope increased significantly from 38.9 + 7.8 to 43.8 + 11.8 in the treated group after 3
months (p < 0.05; fig. 2). There were no significant differences in any CPX parameter between
the control and treated group.
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Table 1. Patient characteristics

Placebo L-Carnitine- p value

group treated group

(n=6) (n=9)
Age, years 70.5+10.1 66.2+7.1 0.17
Duration of dialysis, 89.3+30.5 162.2+127.9 0.1
months
Males/females 3/3 3/6 0.52
Total cholesterol, mg/dl 150+26.5 172.8+39.9 0.12
Triglyceride, mg/dl 79.7+28.4 103.3+£79.2 0.25
HDL cholesterol, mg/dl 54.7+14.5 61.1+£20.9 0.26
LDL cholesterol, mg/dl 72.2+16.5 82+33.5 0.26
Apolipoprotein A1, mg/dl 131.8+29.0 144.9+29.1 0.2
Apolipoprotein A2, mg/dl  19.0+2.8 22.1+4.2 0.07
Apolipoprotein B, mg/dl 61.7+x12.6 70.9+26.9 0.23
Total carnitine, pmol/1 33.5+5.6 38.9+9.7 0.12
Free carnitine, pmol/1 19.3+5.0 22.9+7.3 0.16
Acyl carnitine, pmol/1 14.2+1.7 16.0+£2.8 0.09
Acyl/free carnitine ratio 0.77+0.16 0.74£0.15 0.37
Hematocrit, % 33.9+3.3 34.3+29 0.38
Hemoglobin, g/dl 10.7+£1.1 109+1.1 0.38
Serum Fe, pg/dl 86.2+15.3 80.6+£26.2 0.32
Ferritin, ng/ml 240.7+154.1  208.7+240.2 0.39
BNP, pg/ml 264.3+162 327.7+545.1 0.39
Body weight, kg 50.7+16.4 519%11.6 0.43
Statin therapy 1/6 0/9 0.2

Variables are presented as mean = SD or numbers.

BNP = Brain natriuretic peptide.

p values were calculated by a non-paired t test or 2 test. p < 0.05
was regarded as significant.

Discussion

Physical Capacity and Assessment Method

The total carnitine content in the muscle has been reported to be positively correlated
with the exercise duration on the graded ergometer protocol, and the change in acyl carnitine
content in the muscle with exercise was correlated with an increase in lactate content in the
muscle of hemodialysis patients [5]. However, attempts to improve exercise performance in
renal failure patients with carnitine therapy have notyielded consistent results [11-18]. Most
of these trials used heterogeneous designs or assessment methods that have been poorly vali-
dated in dialysis patients.

Ahmad et al. [11] reported that the maximal oxygen consumption, measured during a
progressive work exercise test, improved significantly and calculated a mid-arm muscle mass
increase in their carnitine-treated group (20 mg/kg i.v. for 6 months). On the other hand,
Brass et al. [12] reported that L-carnitine supplementation (20 mg/kg i.v. for 6 months)
increased the plasma carnitine concentrations in their study group, but did not affect the
maximal oxygen consumption. After the administration of carnitine, an increase in total elec-
tromyography power was noted, suggesting that carnitine has a prevalent myotrophic effect
[13]. An increased amplitude of the motor action potential and improved motor unit charac-
teristics were reported [14]. Conflicting results were reported in another study, in which no
significant changes in sensory and motor nerve conduction velocities or in vibration threshold
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Table 2. Changes in lipid profiles

Baseline After 1 month After 2 months  After 3 months
Placebo group
Total cholesterol, mg/dl 149.7+26.5 144.5+26.6 143.8+28.1 144+35.3
Triglyceride, mg/dl 79.7+28.4 64+20 63.7+16.9 71+22.5
HDL cholesterol, mg/dl 54.7+14.5 53.7+13.1 55.2+14.7 54+12.2
LDL cholesterol, mg/dl 72.2+16.5 65.7£17.5 65.5+21 67.7+27.4
Apolipoprotein A1, mg/dl 131.8+29 129.3+£25.8 129.8+20.4 126.2+19.1
Apolipoprotein A2, mg/dl 19.0+£2.8 19+1.6 18.6£2.0 18.3+£2.2
Apolipoprotein B, mg/dl 61.7£12.6 57.5+13.4 53.5+11.8 55.3+15.8
Free carnitine, umol/1 19.3+5.0 18.4+3.2**
Acyl carnitine, pmol/1 14.2+1.7 15.3+£3.3***
Acyl/free carnitine ratio 0.77+0.16 0.83+£0.10**
L-Carnitine-treated group
Total cholesterol, mg/dl 172.8+39.9 175.3+44.6 172.6+36 177.9+44.5
Triglyceride, mg/dl 103.3+79.2 108.2+£73.1 104.4+82.9 103+44.4
HDL cholesterol, mg/dl 61.1+20.9 58.6+21.7 60+21.6 60.1+21.2
LDL cholesterol, mg/dl 82.0+£33.5 82.9+£29.8 82.2+29.8 90.8+34.8
Apolipoprotein A1, mg/dl 144.9+29.1 148.3+33.7 144.1+27.3 145+29.3
Apolipoprotein A2, mg/dl 22.1+4.2 30.0+20.9 22.4+3.2 23.7+3.6
Apolipoprotein B, mg/dl 70.9£26.9 71.8+26.3 67.7+21.6 71+24.5
Free carnitine, umol/1 229+7.3 149.9+51.8*** +++
Acyl carnitine, pmol/1 16.0+2.8 100.3+50.2%%* *++
Acyl/free carnitine ratio 0.74+0.15 0.65+0.13**

Variables are presented as mean * SD.

p values were calculated by a non-paired t test or paired t test. p < 0.05 was regarded as significant.

*#* p < 0.001 (baseline vs. after 3 months). *** p < 0.001 (placebo group vs. L-carnitine-treated group).
**p <0.01 (placebo group vs. L-carnitine-treated group).

Table 3. Changes in the CPX data

Baseline After 3 months
Placebo group
HR at AT, beats/min 99.3+17.3 113.8+7.5*
HR at rest, beats/min 87.5+14.7 91.0+13.8
HR at AT - HR at rest,
beats/min 11.8+6.6 22.8+12.7*
Load at AT, W 38.5+17.0 40.2+10.8
Peak VO,, ml/kg/min 11.8+3.7 11.4+3.2
VE/VCO; slope 35.8+5.2 37.8+6.7
Exercise time, s 184.0+78.0 150.0+81.8*
L-Carnitine-treated group
HR at AT, beats/min 99.7+24.6 102.6+16.8
HR at rest, beats/min 82.7+£19.2 83.6+12.6
HR at AT - HR atrest,
beats/min 16.9+8.5 19.0+15.2
Load at AT, W 33.9+11.9 30.9+9.7
Peak VO,, ml/kg/min 11.9+3.1 11.8+3.2
VE/VCO, slope 38.9+7.8 43.8+11.8*
Exercise time, s 120.3+63.2 132.3+46.7

Variables are presented as mean * SD.
p values were calculated by a paired t test. * p < 0.05.

KARGER



Ry,

nephron

Journals

BN

38

Nephron Extra 2014;4:33-41

DOI: 10.1159/000360086 © 2014 S. Karger AG, Basel
www.karger.com/nne

Kudoh et al.: The Effects of Oral L-Carnitine Supplementation on Physical Capacity and
Lipid Metabolism in Chronic Hemodialysis Patients

70 70
60 60 // *
50 50 /
[ [}
. R é;fé
S 40 2 40
S — 3
S 30 S 30
SR T—y g ~
> >
20 20
10 10
0 T 1 0 T 1
Before 3 months Before 3 months
Placebo Carritine-treated
Fig. 2. Changes in the VE/VCO,
slope. * p < 0.05.
Glucose Palmitate Circulation
<«— Glycogen r Intramuscular lipid
8 ATP Glycolysis
Acyl-CoA Cytosol
\4
Lactate <— Pyruvate Carnitine
HCO3
La <
Acetyl-CoA = Acyl-CoA
B-Oxidation
30 ATP ¢ 34 ATP
\l 96 ATP
VCO; TCA cycle .
' ate Mitochondria
Respiratory ADP + Pi
v / chain 1 glucose + 12 oxygen = 38 ATP
VE —— VO, 1 palmitate + 46 oxygen = 130 ATP
Glucose CO/0, =1
Lipid CO,/0, = 0.7

Fig. 3. Schema of energy efficiency.

KARGER



Ity

nephron|

Nephron Extra 2014;4:33-41

DOI: 10.1159/000360086 © 2014 S. Karger AG, Basel
www.karger.com/nne

Kudoh et al.: The Effects of Oral L-Carnitine Supplementation on Physical Capacity and
Lipid Metabolism in Chronic Hemodialysis Patients

were noted after carnitine treatment [15]. Carnitine supplementation lowered serum
myoglobin [16] and increased the diameter of type [ and type Ila fibers by about 7%, which
can utilize carnitine for fatty-acid oxidation to produce energy [17]. However, Vaux et al. [18]
reported that muscle bioenergetics failed to improve after carnitine administration (20 mg/
kg i.v.for 16 weeks) using magnetic resonance spectroscopy and near-infrared spectroscopy.

As exercise capacity defines the range of physical activities that patients can accomplish,
CPX can ultimately reflect the basic activities of independent living. In addition, peak VO, has
been shown to be an independent predictor of survival in a wide variety of clinical popula-
tions. Therefore, CPX was performed to assess the physical capacity in the present study. It is
known that peak VO, is influenced by sex, age, hemoglobin concentration and the diagnosis
of diabetes [19], therefore, a randomized double-blind study design was applied.

Peak VO, and VE/VCO, Slope

In the present study, the exercise time was decreased and the heart rate at AT was
increased in the control group 3 months after the study period, but there were no such
changes observed in the treated group (table 3). Fatouros et al. [20] reported that L-carnitine
supplementation increased the time to fatigue and decreased post-exercise lactate. Peak VO,
has been considered a reliable prognostic variable in heart failure, associated with mortality.
However, one must be cautious when interpreting the results, because this parameter highly
depends on apatient’s effort and interpatient variability is large. Recently, ithas been reported
that the VE/VCO; slope could be as powerful as peak VO, in predicting serious cardiac events
[21]. The VE/VCO, slope at submaximal workloads is easier to measure than peak VO,, and it
does not rely on a subjective voluntary effort.

The VE/VCO; slope and leg muscle endurance percentage were reported to be signifi-
cantly negatively related in patients with heart failure but not in normal subjects [22]. In
contrast, elevations of the VE/VCO, slope were observed in patients with hyperventilation
[23] or hyperthermia [24] as a result of an increase in VE. The carnitine concentration was
reported to be positively correlated with the incorporation rate of palmitate-carbon into CO,
and the incorporation rate of glucose-carbon into lactate in the muscle tissue. These results
indicate a coupling between the concentration of carnitine and the capacity for long-chain
fatty-acid oxidation in human skeletal muscle [25]. It might be speculated that exogenous
L-carnitine would result in an increased lipid oxidation and the sparing of muscle glycogen
during submaximal exercise. One glucose molecule requires 12 oxygen atoms to produce 38
ATP molecules. The oxidation of 1 palmitate molecule produces 130 ATP molecules and
requires 46 oxygen atoms. In this context, free fatty acids appear to be the most efficient
substrate for energy production in terms of fuel supply, but they require more oxygen
consumption [1] (fig. 3). In the present study, the VE/VCO, slope significantly increased from
38.9 + 7.8t043.8 + 11.8 in the treated group (fig. 2). This might indicate that a shift of energy
source from carbohydrate to lipid increases the oxygen demand (fig. 3). One study [20]
reported that L-carnitine supplementation resulted in a reduction in the respiratory exchange
rate, suggesting an increase in lipid oxidation and possible glycogen sparing, which is in
agreement with our findings. L-Carnitine supplementation might have some beneficial effects
on the physical capacity of chronic hemodialysis patients due to the improvement of the lipid
metabolism in the muscle.

Study Limitation

In order to keep the patients’ conditions constant (including their body weight and
uremic toxin concentrations) during the exercise test, the CPX was performed just after the
hemodialysis procedure. Although a strict study protocol was achieved, the sample size was
relatively small in our study.
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In the present study, it is uncertain whether the period of administration (3 months) was

long enough to demonstrate the maximal benefit for exercise capacity and symptoms.
Although the carnitine concentration in the plasma increased significantly in our study, a final
improvement of symptoms following the uptake of carnitine by depleted muscles and the
consequent effect on metabolism may be much slower processes. A longer observation period
might be necessary in future studies.

Conclusion

It is speculated that the L-carnitine supplementation might have some beneficial effects

on the physical capacity of chronic hemodialysis patients due to the improvement of the lipid
metabolism in the muscle.
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