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ma levels of ET-1 and Hcy, compared to baseline, were also 
seen in the PLC-treated group.  Conclusions:  Hemodynamic 
flow, endothelial profile and Hcy levels were ameliorated by 
the administration of PLC in hemodialysis patients with ESRD 
and PAD.  Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 In end-stage renal disease (ESRD)  [1–5]  there is an in-
creased risk of cardiovascular disease (CVD) that could 
be related to metabolic disorders characterized by high 
levels of low density cholesterol and triglycerides and 
lower levels of high density lipoproteins  [6] . The increased 
arterial resistance of blood vessels is probably one of the 
major reasons for arterial complications, such as arterial 
hypertension and CVD present in kidney disease  [7–10] , 
and raised levels of vasoconstrictor agents, such as angio-
tensin II and endothelin-1 (ET-1), are found in ESRD  [10, 
11] . 

 Recent data from a meta-analysis have suggested that 
higher levels of homocysteine (Hcy) in ESRD may be an 
independent predictor for CVD  [7] , and Boushey et al. 
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 Abstract 
  Background/Aims:  Recent data have addressed the issue of 
higher levels of homocysteine (Hcy) and endothelin-1 (ET-1) 
in end-stage renal disease (ESRD) that may be considered an 
independent predictor for cardiovascular disease. The prev-
alence of peripheral arterial disease (PAD) in patients with 
ESRD has been reported to be relevant, highlighting its clin-
ical importance. We aimed to explore the therapeutic role of 
propionyl- L -carnitine (PLC) in hemodialysis patients with 
PAD by measuring ankle/brachial index (ABI), ET-1 and Hcy. 
 Design:  Randomized, double-blind, placebo-controlled 
 trial.  Methods:  Sixty-four patients on hemodialysis with 
chronic renal insufficiency and PAD were assigned to receive 
either intravenous PLC (600 mg) or placebo 3 times weekly 
for 12 months. The ABI and plasma levels of ET-1 and Hcy 
were measured at baseline, 6 and 12 months.  Results:  In the 
PLC-treated group, progressive increases in ABI were ob-
served, while in the placebo group the reverse trend was 
seen. Highly significant and progressive reductions in plas-
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 [12]  showed a close relationship between higher plasma 
concentrations of Hcy and peripheral arterial disease 
(PAD). Many researchers have shown that endothelial 
dysfunction plays a pivotal role in the development of 
atherosclerosis  [13]  and is associated with various other 
diseases such as arterial hypertension, diabetes, hyper-
cholesterolemia, PAD, chronic renal insufficiency (CRI) 
and ESRD that are considered risk factors and/or mark-
ers for CVD  [12–19] . 

 Patients with ESRD have a high CVD mortality rate 
and it has been hypothesized that it may be a marker for 
CVD  [19, 20] . The incidence of PAD depends on the di-
agnostic criteria and whether an ankle/brachial index 
(ABI) of  ̂  0.9 is used  [21–23] ; the prevalence of PAD in 
patients with CRI (creatinine clearance values  ! 60 ml    �   
 min –1  

   �    1.73 m –2 ) has been reported to be 24%, highlight-
ing its clinical importance  [22, 24] . 

 Various studies have suggested a beneficial role for an-
tioxidant drugs in the clinical therapy of patients with 
either PAD or ESRD  [25, 26] .  L -Carnitine and its deriva-
tives have received much attention for their potential util-
ity as therapeutic interventions in PAD and CRI. Al-
though the mechanism of action is not yet completely un-
derstood, carnitine derivatives appear to mediate the 
metabolism of monocytes according to studies in skeletal 
muscle  [27] . A deficiency in muscular carnitine has been 
shown in patients with severe PAD  [28, 29] ; moreover, the 
carnitine derivative, propionyl- L -carnitine (PLC), has 
been reported to play a protective role during ischemia 
 [30] . It has been established that PLC has a high affinity 
for muscular carnitine transferase, and through increas-
ing cellular carnitine content plays a key role in the trans-
fer of long-chain fatty acids into the mitochondria for  � -
oxidation  [20, 31, 32] . 

 Long-term hemodialysis treatment is associated with 
a significant reduction in endogenous plasma and muscle 
 L -carnitine levels  [33, 34]  and serum carnitine concentra-
tions may even be correlated with clinical outcome pa-
rameters. While therapy with  L -carnitine is not yet rec-
ommended as a standard protocol for hemodialysis pa-
tients, it has been suggested that  L -carnitine increases 
plasma carnitine, reduces fatigue, and may preserve ex-
ercise capacity in hemodialysis patients  [33, 34] . In addi-
tion, researchers have stated that  L -carnitine therapy has 
been shown to correct EPO resistance in hemodialyzed 
patients, thereby reducing the need for r-HuEPO  [34–38] . 
The above considerations prompted us to explore the 
therapeutic role of PLC in hemodialysis patients with 
PAD. We measured the effect on the two endothelial 
markers, ET-1 and Hcy. To our knowledge the effects of 

 L -carnitine administration have, to date, not been exam-
ined in this group of patients. Herein, we present the re-
sults of a randomized, placebo-controlled clinical trial 
exploring the utility of intravenous PLC therapy in pa-
tients with both CRI and PAD, but not CVD. 

 Methods 

 Patient Population 
 Primary inclusion criteria were severe CRI requiring hemodi-

alysis and a clinical diagnosis of PAD at the second stage accord-
ing to the Leriche-Fontaine classification. An ABI index of  ! 0.9 
was used to diagnose PAD. The ABI is the ratio of ankle systolic 
to brachial systolic blood pressure while a person is at rest (normal 
resting ABI = 1 or 1.1). The arterial pressure is measured in the 
lower leg where possible, but another leg artery with a satisfac-
tory acoustic signal can be used to obtain an image with good 
color flow. A continuous Doppler pulse wave (7–10 mHz) using a 
pencil probe (Apogée CX 800 ATL-Philips) was utilized. 

 Exclusion criteria included coronary ischemic disease (myo-
cardial infarction in the previous 12 months and/or angina) and 
congestive heart failure. Additionally, patients with active hepat-
ic disease or with active inflammatory diseases were excluded. 
Patients suffering from arterial hypertension were also excluded. 
The patients included in our trial were part of a cohort (n = 150) 
with CRI enrolled in the kidney disease section of the Depart-
ment of Internal Medicine at the University of Catania. For this 
trial, only patients with PAD concomitant to CRI or complicating 
CRI were selected. 

 Study Design 
 Patients were randomly assigned, according to a simple 

scheme, to receive either intravenous PLC (600 mg in 100 ml 
physiological saline; Dromos � , Sigma-Tau Pharmaceuticals, Po-
mezia, Italy) or placebo (100 ml physiological saline alone) at the 
end of each dialysis session (3 times weekly) for a period of 12 
months. The study was double-blinded and the groups were stan-
dardized with regard to dialysis schedules and times. The dura-
tion of the dialysis sessions was 4 h, with a mean ultrafiltration 
volume of 3 liters per 4 h; no patients received aspirin. 

 Follow-up visits were carried out at 6 and 12 months, at which 
time clinical and instrumental examinations were performed. Pe-
ripheral blood was drawn at baseline, and at the 6- and 12-month 
follow-up visits for evaluation of ET-1 and Hcy at the end of he-
modialysis. 

 The study received approval from the local ethics committee 
and all patients gave informed consent to participate. 

 Determination of ET-1 
 The plasma sample was obtained from the EDTA-treated 

blood by centrifugation at 2,000  g  for 10 min at 4   °   C. A 2-ml sam-
ple of the plasma was acidified with 0.25 ml of 2  M  HCl, centri-
fuged at 10,000  g  for 5 min at room temperature and loaded onto 
a column. 

 ET-1 was purified from these plasma samples by loading onto 
Amersham Pharmacia Biotech’s C2 columns (Amprep 500 mg, 
code RPN 1913) connected to a Varion vacuum system. The col-
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umns were equilibrated with 2 ml of methanol followed by 2 ml 
of ultrapure water. The flow rate for these and subsequent washes 
was maintained at 5 ml/min. 

 The column was washed with 5 ml of water plus 0.1% trifluo-
roacetic acid (TFA) and finally with 2 ml of a solution containing 
80% methanol and 0.1% TFA. 

 The eluate collected was dried under nitrogen without drying 
the pellet, which was reconstituted in 500  � l of buffer from the 
Endothelin-1 EIA Kit (Cayman Chemical Company; Ann Arbor, 
Mich., USA). ET-1 concentration was determined using this ELI-
SA kit as described below. 

 All reagents in the kit were prepared using deionized water 
and were free of all trace organic contaminants using the follow-
ing procedure: 

 (1) The contents of the EIA buffer vial were diluted with 90 ml 
of ultrapure water, ensuring the complete dissolution of all salts 
in the vial. 

 (2) The contents of the wash buffer concentrate vial were di-
luted from 5 ml to a volume of 2 liters with ultrapure water and 
1 ml of Tween 20 was added (care should be taken when measur-
ing Tween 20 with a pipette as it is a very viscous liquid). 

 (3) The ET-1 standard was diluted with 1 ml of EIA buffer. A 
serial dilution was made from the 5 ng/ml mother solution, using 
8 numbered tubes; 200  � l of the mother solution was added to 
tube 1 and diluted with 1 ml of EIA buffer. When mixed, this gave 
the highest concentration of the standard curve, 1,000 pg/ml. Five 
hundred microliters of EIA buffer was added to tubes 2–8 and 
500  � l ET-1 solution was taken from tube 1 and added to tube 2, 
and mixed to give a concentration of 500 pg/ml. Then 500  � l was 
taken from tube 2 and added to tube 3 giving 250 pg/ml. These 
serial dilutions resulted in the lowest concentration of 15.6 pg/ml 
in tube 7. Tube 8 had only EIA buffer and was the control. 

 (4) The vial containing the endothelin Fab conjugate was re-
constituted with 10 ml of EIA buffer. The sample plate was cov-
ered with a plastic film and incubated overnight at 4   °   C. 

 The next day, fresh Ellman’s reagent was prepared with 50 ml 
water and protected from the light. The plate was washed 6 times 
with wash buffer and 200  � l of Ellman’s reagent was added to each 
well. The plate was then covered with plastic film and allowed to 
react in the dark for 30 min. At the end of the incubation, the plate 
was read on a Plate Reader (DAS automatic 8 channel) at 405 nm 
and sample ET-1 concentrations were determined from the stan-
dard curve. 

 Determination of Hcy 
 Hcy concentration in the plasma samples was determined us-

ing ion-exchange chromatography. An HPLC system comprising 
a C-18 reverse phase column, 15  !  0.46 cm, a series 200 LC pump 
(Perkin Elmer) and a fluorescence detector (Varian Prostar) was 
used. 

 The plasma sample was obtained from blood containing EDTA 
and separated by centrifugation at 3,000 rpm for 15 min at 4   °   C, 
and maintained at –20   °   C until analysis. This was carried out us-
ing the kit for the determination of Hcy in plasma and serum from 
Chromosystems (distributed by Polytechne Srl, Livorno, Italy). 

 The test for Hcy was performed in the following way: a 20- � l 
plasma sample was injected into the system with a run time of 
4–5 min. The HPLC pump was set at a flow rate of 1.5 ml/min, 
with the column maintained at a constant room temperature (20–
25   °   C). The HPLC was equipped with a fluorescence detector set 

at wavelengths of EX: 385 nm and EM: 515 nm. To reconstitute 
the plasma calibration standard lyophilisate, 1 ml of distilled wa-
ter was added to the vial. The derivatization mix was obtained by 
reconstituting the derivatization reagent 1 with 2 ml of derivatiza-
tion reagent 2, and was ready for use after about 10 min. The 
preparation of the standard was identical to that of the samples. 

 Statistical Analysis 
 A comparison between the two treatment groups was per-

formed using a one-way variance test (ANOVA), Friedman’s test, 
and Kendall’s concordance coefficient. A p value of  ! 0.05 was 
considered significant. The SPSS (version 10.1 for Windows) sta-
tistics package was used. Univariate correlations were performed 
between Hcy and ABI and between ET-1 and ABI. 

 Results 

 A total of 64 patients with CRI and PAD on hemodi-
alysis were enrolled in the study and randomized to PLC 
treatment or placebo (32 per arm). Patient characteristics 
at baseline are detailed in  table 1 . Patients were well 
matched with respect to baseline characteristics, with the 
exception of triglyceride levels which were significantly 
lower in the PLC group (179.3 vs. 209.2 mg/dl). The aver-
age duration of CRI was 10.2  8  5.8 years. All the patients 
enrolled for the study were also receiving ACE inhibitors, 
diuretics and r-HuEPO. 

 Ankle/Brachial Index 
 In the PLC-treated group, statistically significant, pro-

gressive increases in ABI were observed, from 0.71  8  
0.06 at baseline to 0.76  8  0.08 and 0.78  8  0.08 at 6 and 
12 months, respectively (p  !  0.001) ( fig. 1 ). In the placebo 
group, the reverse trend was seen, where progressive and 
significant reductions in ABI values were obtained, start-
ing at 0.75  8  0.08 at baseline and falling to 0.73  8  0.06 
and 0.72  8  0.01 at 6 and 12 months, respectively (p  !  
0.001 vs. baseline). The between-group differences were 
also statistically significant at both 6 and 12 months (p  !  
0.0001). 

 ET-1 and Hcy  
 In patients receiving PLC, there was a highly signifi-

cant decrease from baseline in plasma ET-1 and Hcy lev-
els. Mean ET-1 levels ( fig. 2 ) decreased from 21.53  8  
6.8 pg/ml at baseline to 16.78  8  4.8 pg/ml (p  !  0.0001) 
and 12.31  8  3.4 pg/ml (p  !  0.0001) at 6 and 12 months, 
respectively. In the placebo group, the decrease in mean 
ET-1 concentration from baseline was significant ( fig. 3 ), 
but less so than in than in the PLC-treated group (p  !  
0.009). Hcy plasma levels in the PLC-treated group ( fig. 4 ) 
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also decreased significantly, from 68.89  8  4.31  � mol/ml 
at baseline to 49.14  8  2.26 and 29.61  8  2.73  � mol/ml at 
6 and 12 months (p  !  0.0006), respectively. In the placebo 
group, Hcy levels decreased from 42.59  8  23.77  � mol/ml  
 at baseline to 40.62  8  28.62 and 30.41  8  12.95  � mol/ml 
( fig. 5 ), although this was not statistically significant at 6 
or 12 months (p  !  0.3 for both). Reductions in ET-1 and 
Hcy were significantly greater in the active treatment 
group compared with placebo (p  !  0.0001). The univari-
ate analysis concerning the group of patients assigned to 
the active drug (PLC) showed a significant correlation 

between ET-1 and ABI and between Hcy levels and ABI 
at 6 months and between ET-1 and ABI at 12 months ( ta-
ble 2 ). There was a close and inverse relationship between 
the lowering of these parameters and ABI. The correla-
tions with ABI were statistically of greater significance 
(i.e. lower p value) for ET-1 than for Hcy. 

 Tolerability Profile 
 The product was well tolerated and no adverse reac-

tions were observed. 

PLC Placebo p value

Age, years 66.786.6 66.082.7 NS
Duration of chronic renal

insufficiency, months 6684.1 66.685.6 NS
Urea, mg/l 139.97837.3 147.1837.7 NS
Creatininemia, mg/l 9.0082.7 9.1883.4 NS
Total cholesterol, mg/dl 168.5839.8 170.7846.6 NS
Triglycerides, mg/dl 179.3812.3 209.2815.4 <0.02
Fasting blood glucose, mg/dl 108.6843.6 108.1836.4 NS
Na, mEq/l 139.683.4 141.683.2 NS
K, mEq/l 5.980.8 6.080.8 NS

NS = Not significant. 

  
  

  Table 1.  Baseline characteristics of 
patients and controls 
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  Fig. 1.  Changes in ABI index at baseline, 6 and 12 months after 
administration of intravenous PLC or placebo.  *  p  !  0.001 vs. 
baseline. The between-group difference was statistically signifi-
cant at both 6 and 12 months (p  !  0.0001). 

  Fig. 2.  Mean plasma ET-1 concentrations in the PLC group at 
baseline, 6 and 12 months. 
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 Discussion 

 The results of the present study suggest that intrave-
nous administration of PLC to hemodialysis patients 
with ESRD and PAD leads to improvements in clinical 
and endothelial parameters. Significant changes were ev-
ident in the endothelial markers, as shown by statistical-
ly significant decreases in ET-1 and Hcy. Importantly, the 
changes in both outcome measures were progressively 
improved at both the 6- and 12-month follow-up visits. 
No safety considerations were raised in this study. 

 In patients with PAD, it has been amply demonstrated 
that local hemodynamic perturbations determine a re-
duced hematic flow with respect to muscular require-
ments, leading to a reduction in oxygenation of smooth 
muscle and reduced muscular levels of carnitine  [27] . 
Consequently, significant alterations in cellular respira-
tion occurs that leads to a reduction in the capacity of the 
muscle to work in anaerobic conditions  [24] . 

 Hyperhomocysteinemia has been described in pa-
tients suffering from PAD, more so than in patients with 
other clinical profiles of atherothrombotic diseases such 
as coronary heart disease and stroke  [29] , and an asso-
ciation between Hcy and PAD has been shown after ad-
justment for so-called known risk factors for CVD  [37] . 
Results of other studies have stated that the metabolism 
of Hcy may influence the development of PAD in a high 
percentage of patients with atherothrombotic disease and 

finally, Hcy can be used as a marker to monitor clinical 
evaluation of certain risk groups  [14, 38] . 

 On the other hand, diverse studies have stated that en-
dothelial dysfunction plays a key role in the development 
of atherosclerotic plaques, and that vasoactive peptides 
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  Fig. 5.  Mean plasma Hcy concentration in the placebo group at 
baseline, 6- and 12-month follow-up. 

  Fig. 3.  Mean plasma ET-1 in the placebo group at baseline, 6 and 
12 months. 

  Fig. 4.  Mean plasma Hcy concentrations in the PLC group at base-
line, 6 and 12 months. 
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such as ET-1 are crucial triggers of endothelial dysfunc-
tion  [39] . Moreover, the more severe the damage to the 
endothelial barrier, the more significant the risk of cardio-
vascular events. ET-1 influences water homeostasis 
through its effects on the renin-angiotensin-aldosterone 
system, on vasopressin, and through its ability to stimu-
late the sympathetic nervous system  [14, 38, 39] . All of 
these are involved in atherothrombotic disease, and also 
in chronic renal failure where this peptide plays a pivotal 
role in the pathophysiology of CVD, complications in re-
nal failure and in hemodialyzed patients  [18, 19] . Therapy 
with PLC is justified by its capacity to intervene in spe-
cific biochemical pathways in order to allow the recovery 
of efficient cellular respiration, in addition to reducing the 
damaging effects of free radicals produced by the hydro-
lysis of O 2   [26, 27].  Furthermore, studies have demonstrat-
ed that  L -carnitine ameliorates oxidative damage via its 
antioxidant properties, free radical scavenging  [40] , and 
via its capacity to antagonize the suppression of the activ-
ity of antioxidant enzymes  [41] . Our results demonstrate 
that PLC therapy leads to progressive improvements in 
metabolic and hemodynamic performance in patients 
with PAD and ESRD. Similar results on improvements in 
walking performance and functional status in patients 
with PAD alone have been previously observed  [25, 42–
44] . Previous publications of studies have discussed the 
positive effects of positive  L -carnitine therapy and have 
stated that these effects could be brought about by an in-
crease in blood flow velocity, reduction of PAI-1 activity, 
and an increase in red blood cell deformability  [45, 46] . 

 It is likely that at least some of the beneficial effects of 
PLC can be attributed to its role as an antioxidant  [47, 48] . 
To this end, our results also showed improvements in the 
endothelial balance and shed further light on its mecha-
nism of action. The progressive and significant reduction 
in all measured parameters confirms that PLC affects en-
dothelial disruption. It is possible that this is due to the 
reestablishment of efficient mitochondrial activity and 
improved efficiency in the utilization of O 2 , in addition 
to inhibiting the production of free radicals and their 
negative effects on endothelial function. This increased 
capacity is further reflected in improved hemodynamic 
function in peripheral areas and an increase in the ABI. 
It is well known that patients on hemodialysis have re-
duced concentrations of carnitine in plasma and muscu-
lar tissue  [39] , which led to the study of  L -carnitine sup-
plementation in the clinical context. Indeed, several re-
ports have indicated that administration of  L -carnitine 
reduces fatigue and may maintain exercise capacity in 
hemodialysis patients  [33, 34, 43, 44] . CRI is often associ-
ated with PAD. Therefore, the possibility of therapy with 
PLC in hemodialysis patients with PAD is extremely at-
tractive, given the close clinical association between these 
two pathologies. However, to our knowledge, the pros-
pect of utilizing  L -carnitine therapy in patients with 
ESRD as well as PAD has not been previously exam-
ined. 

 Both PAD and ESRD have grave effects on cardiovas-
cular morbidity. The significant increase in the ABI after 
therapy with PLC is reflective of an improvement in he-

ABI baseline ABI 6 months ABI 12 months

r p value r p value r p value

ET-1, placebo, base. –0.088 0.690 –0.137 0.534 –0.026 0.905
ET-1, placebo, 6 –0.127 0.565 –0.119 0.587 –0.028 0.901
ET-1, placebo, 12 –0.275 0.204 0.122 0.580 –0.035 0.874
Hcy, placebo, base. –0.129 0.557 0.136 0.536 –0.029 0.896
Hcy, placebo, 6 –0.152 0.488 0.203 0.353 0.067 0.762
Hcy, placebo, 12 –0.168 0.584 0.528 0.064 0.403 0.172
ET-1, PLC, base. –0.342 0.119 –0.143 0.527 –0.194 0.388
ET-1, PLC, 6 –0.199 0.375 –0.406 0.061 –0.461 0.031
ET-1, PLC, 12 –0.307 0.165 –0.478 0.024 –0.510 0.015
Hcy, PLC, base. –0.006 0.980 –0.077 0.741 –0.192 0.403
Hcy, PLC, 6 –0.147 0.526 –0.179 0.0437 0.096 0.0680
Hcy, PLC, 12 0.137 0.553 0.179 0.0438 0.064 0.0783

Values are given for baseline and 6 and 12 months. The significant correlations are 
shown in italics.

  
  

  Table 2.  Correlation between ET-1 and 
Hcy with ABI in patients with CRI and 
PAD receiving PLC or placebo 



 Signorelli    et al. 
  

 Kidney Blood Press Res 2006;29:100–107 106

modynamic conditions, and is a prognostic factor in pa-
tients with PAD. Thus, even though more long-term clin-
ical outcome studies have not been performed, a similar 
or even more pronounced effect on prognosis would be 
expected in patients with both PAD and ESRD. 

 In the present trial, long-term administration of PLC 
led to significant improvements in parameters of endo-
thelial function in patients with PAD and ESRD. The im-
proved clinical parameters, reflected in hemodynamic 
parameters such as ABI, suggest that the endothelial pro-
file also undergoes statistically significant changes fol-
lowing intravenous administration of PLC. Thus, ad-
junctive therapy with PLC may be warranted for treat-
ment of PAD in patients with ESRD on hemodialysis. 

 In conclusion, our results indicate that administration 
of PLC to patients with both ESRD and PAD leads to pro-
gressive improvements in clinical measurements of ET-1 
and Hcy after 6 and 12 months’ administration. More-
over, this clinical benefit is likely to be related to changes 
that concern the reduction of vasoconstrictor activity as 
shown by lower levels of ET-1, and may also concern an-
tithrombotic activity as demonstrated by lower levels of 
Hcy at follow-up. Our findings suggest that therapy with 
PLC may be of clinical value for the treatment of hemo-
dialysis patients with PAD. 
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