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1. INTRODUCTION

Chronic kidney disease (CKD) is a very real and growing problem, as indicated by
demographic trends. The total number of treated patients has markedly increased during the
last 30 years, and CKD currently affects approximately 19 million adult Americans, with an
incidence that is increasing rapidly [Snyder & Pendergraph, 2005]. This trend is caused by a
growing percentage of elderly people in the population as well as by technical progress and
broader availability of dialysis therapy. An increasing number of diabetic patients is also an
important factor.

CKD is characterized by progressive deterioration of kidney function, which develops
eventually into a terminal stage of chronic kidney failure (CKF). CKF has traditionally been
categorized as mild, moderate, or severe. Other poorly defined terms like uremia and end-
stage renal disease (ESRD) have commonly been applied. During the last few years, an
international consensus has emerged categorizing CKF into 5 stages according to the
glomerular filtration rate (GFR) and presence of signs of kidney damage: stage 1: GFR > 90
ml/min and signs of kidney damage; stage 2: GFR = 60—89 ml/min and signs of kidney
damage; stage 3: GFR = 30-59 ml/min; stage 4: GFR = 15-29 ml/min; and stage 5: GFR < 15
ml/min [Levey et al., 2005].

Stage 5 represents the total inability of kidneys to maintain homeostasis, and this
metabolic state is incompatible with life. Thus, at this stage, it is necessary to use methods
that substitute for kidney function to ensure patient survival; these methods include peritoneal
dialysis, hemodialysis (HD), and other extracorporeal purifying procedures, or kidney
transplantation.

CKF is associated with many kinds of metabolic changes caused by the kidney disease
and also attributable to dialysis treatment. Phenomena such as accumulation or deficit of
various substances and dysregulation of metabolic pathways combine in the pathogenesis of
these changes [Cibulka ef al., 2005]. In the process of accumulation, decreased urinary
excretion plays a crucial role and leads to retention of metabolites in the organism (e.g.,
creatinine, urea, electrolytes, water). The increased formation of metabolites through catabolic
processes and alternative metabolic pathways also wields an influence. Regular dialysis
treatment partly decreases this accumulation but cannot avert the overall deficit.

This deficit of some important substances in CKF can be caused by deficient intake in

diet, impaired intestinal absorption, or increased losses during dialysis sessions. Disturbed



synthesis of some crucial metabolic regulators (e.g., erythropoietin, active vitamin D) in
kidneys also plays an important role.

All of the abovementioned factors lead to many serious complications for CKD
patients during the course of predialysis and dialysis. All accelerate development of
atherosclerosis, malnutrition hand in hand with inflammation, anemia, hyperparathyroidism,
and other serious problems that markedly affect prognosis and the quality of life of patients

with CKF [Cibulka et al., 2005; Lindner et al., 1974; Durak et al., 1994; Silver, 2000].

1.1. Deficit of L-carnitine in hemodialyzed patients

One of the metabolic disorders, which we studied in more detail, is a deficit of L-
carnitine (CAR). CAR is a substance which plays an essential role in beta-oxidation of fatty
acids by catalyzing their transport into the mitochondrial matrix. It enables obtaining of
energy, namely in muscle cells including myocardium [Cibulka et al., 2005].

Patients with chronic kidney failure treated by HD are known to have decreased CAR
concentration in plasma and tissues due to its impaired synthesis in kidneys and the great loss
across the HD membrane during dialysis sessions. A single HD session reduces plasma free-
CAR concentrations to about one-third of their predialysis values because of small molecule
of free-CAR [Bohmer ef al., 1978]. On the other hand, renal elimination of acylcarnitine,
which is physiologically ineffective, may be impaired in chronic kidney failure, leading to
increased blood concentrations of acylcarnitine. Although these subnormal free-CAR levels
with elevated acylcarnitine fractions may result in normal or elevated total plasma CAR levels
in HD patients, the functional CAR pool in tissues is decreased [Golper & Ahmad S, 1992].

Considerable evidence suggests that CAR deficiency and abnormalities of CAR
metabolism result in a number of clinical conditions that are associated with dialysis,
including muscle weakness, hypotension, fatigue, muscle cramps, poor exercise tolerance,
anemia, left ventricular dysfunction, and higher incidence of arrhythmias [Cibulka ef al.,
2005; Goral, 2001]. Recent studies have demonstrated that CAR supplementation can restore
the abnormal metabolism in HD patients and may alleviate some of the symptoms mentioned
above [Ahmad et al., 1990; Bellinghieri et al., 2003; De Felice et al., 1996; Golper et al.,
2003; Vesela et al., 2001].

The American National Kidney Foundation has recently approved “Practice
Recommendations for the Use of L-carnitine in Dialysis-Related Carnitine Disorder”, which
manifests itself as a syndrome of clinical problems and symptoms, most notable of which are

anemia that is hyporesponsive to erythropoietin therapy, intradialytic hypotension,



cardiomyopathy, and skeletal muscle dysfunction manifested as generalized fatigability

[Eknoyan et al., 2003].



2. AIMS

We linked our research project to our pilot study which had occurred several years
ago. At that time 12 chronically HD patients had been observed for 9 months, whereof the
CAR supplementation had lasted for 6 months three times weekly after each HD in the dose
of 15 mg/kg. Effects of CAR on red blood cell count, lipid metabolism, parameters of
nutrition, oxidative stress and calcium-phosphate (Ca-P) metabolism had been investigated
[Veseld et al., 2001]. As this pilot study brought many positive and unexpected findings (e.g.,
positive influence of hyperphosphatemia of HD patients), we decided to verify these primary
findings in a larger study.

The main goal of this project was also to investigate possible effects of CAR
supplementation on metabolic parameters which could be positively influenced by the support
of intramitochondrial beta-oxidation and energy metabolism. These are markers of nutrition,
lipid metabolism, red blood cell count and, according to our previous findings, also
parameters of oxidative stress and Ca-P metabolism. The purpose is finding ways to prevent
from the development of atherosclerosis and renal bone disease in chronically HD patients.

The consequential goal was to adapt an enzymatic photometric method for free-CAR

determination and its automation for the Olympus AU 400 analyzer.



3. PATIENTS AND METHODS

3.1. Description of study population

We included into the study 112 chronically HD patients (78 men and 34 women) in
the dialysis centers EuroCare in Pilsen (52 patients) and in Teplice (60 patients). Any special
inclusion criteria were used; all patients on HD who signed an informed consent form were
included. The average age of these patients at the beginning of the study was 62.0 = 12.5
years (median = 61.0 years), the median dialysis treatment period was 17 months (minimum =
3, maximum = 189). All patients were under regular HD therapy and were dialyzed for 4
hours three times weekly. The study was approved by the local ethic committee. The causes
which led to chronic renal failure were: chronic glomerulonephritis (17.6 % of patients),
interstitial nephritis (29.6 % of patients), diabetic nephropathy (29.6 % of patients), polycystic
kidneys (6.5 % of patients) and other reasons (16.7 % of patients).

These subjects were randomly divided by computer into two groups and then a half
year supplementation period began. One group was supplemented by CAR in the dose of 15
mg/kg in a short intravenous infusion after each HD session (i.e., three times weekly), while
the other one was a control group which took a placebo (isotonic solution of sodium chlorid).
During the study, some persons from the primary included 112 patients must have been
excluded. The causes of exclusion were: death (16 patients), kidney transplantation (6
patients), non-compliance (2 patients), change of residence (1 patient) and restitution of
kidney function (1 patient). Thus 26 patients were excluded prematurely and 86 passed the
study under all rules. Results were not evaluated in patients who had accidentally any changes

in their therapeutic regime during the study.

3.2. Design of study

Our study began in October of 2003 and passed until July of 2004 (i.e., 9 months).
CAR from Fresenius Kabi Austria GmbH (Graz, Austria) was used for supplementation.
Heparinized samples of venous blood were collected before the study, after 3 and 6 months of
CAR supplementation. Some routine laboratory tests were performed monthly, while some
other special tests were performed only twice, at the beginning of the study and after 6 months
of the study. The main reason was a relatively high price of these special laboratory
examinations (see below). In case of CAR, pre- and postdialysis values were measured; all
other parameters were measured only before the HD session. Except the laboratory

parameters, some other data were recorded (e.g., causes of CKF, the date of inclusion into the



HD program, types of HD membranes and solutions, duration of HD treatment, weight of
patients, native renal function, doses of erythropoietin, vitamin D treatment, incidence of
intradialytic hypotension, arrhythmias, muscle cramps, subjective status of patients, etc.).
Parameters of HD were not changed during the study. The treatment was modulated only in
extraordinary cases of possible health hazard of a patient.

Following laboratory parameters were tested during the study (frequency of
examinations is stated in brackets; for example 0, 3, 6 mean that the particular examination
was performed at the beginning of the study and after 3 and 6 months of the
supplementation):

- free-CAR (0, 3, 6; 7 and 8 — only in supplemented patients);

- red blood cell count and weekly doses of erythropoietin (0, 1, 2, 3, 4, 5, 6);

- parameters of lipid metabolism: total cholesterol, cholesterol in high-density lipoproteins
(HDL) and low-density lipoproteins (LDL), lipoprotein(a), triglycerides (0, 3, 6);

- parameters of nutrition and inflammation: albumin (0, 1, 2, 3, 4, 5, 6), prealbumin, transferin
(0, 3, 6), C-reactive protein (0, 6);

- parameters of oxidative stress: antioxidative enzymes superoxiddismutase and
glutathionperoxidase, reduced glutathione in erythrocytes, malondialdehyde (thiobarbituric
acid reactive substances respectively), oxidized LDL particles, advanced glycation end-
products, advanced oxidation protein products (0, 6);

- parameters of Ca-P metabolism and markers of bone turnover: Ca, P, Ca-P product (0, 1, 2,
3,4, 5, 6), parathormone, bone-specific alkaline phosphatase, osteocalcin and osteoprotegerin
(0, 6).

Statistical analysis was performed using the Statistical Analysis Software, version
8.02; Statistica 98 Edition and MedCalc, version 8.1. Means, medians, standard deviations,
variances, frequencies and other basic statistical measurements were computed in the given
groups. The comparison of variables between the two studied groups at the beginning of the
study and during the supplementation, allowing consideration for the distribution of the
variables, was performed by the Mann-Whitney test. The multivariate stepwise logistic
regression analysis was used for the explanation the relations among parameters of Ca-P
metabolism (concretely for CAR, Ca, P and Ca-P product because these parameters were
measured three times). The paired Wilcoxon test was used for the comparison of changes of
the variables in time (levels of measured parameters at the beginning in comparison with the
levels at the end of the trial). Relations among these changes were evaluated using the

Spearman correlation analysis. The multiple regression analysis was used for explanation of



relations among observed changes in the field of Ca-P and bone metabolism. Previously, a
stepwise algorithm had served to select significant dependent variables for the multiple
regression model. P < 0.05 was considered as statistically significant.

The statistical evaluation of results was performed in following blocks:
- changes of free-CAR levels during a HD procedure and in the long term in dependence on
the CAR supplementation;
- effect of CAR supplementation on red blood cell count and weekly doses of erythropoietin;
- effect of CAR supplementation on lipid metabolism;
- effect of CAR supplementation on parameters of nutrition and inflammation;
- effect of CAR supplementation on parameters of oxidative stress and antioxidative defence;
- effect of CAR supplementation on parameters of Ca-P and bone metabolism in particular

focus on a possible influence of secondary hyperparathyroidism.

3.3. Laboratory methods
3.3.1. Determination of L-carnitine

One of our goals was establishment a method for free-CAR determination and its
automation using an Olympus (Mishima, Japan) analyzer. We used an enzymatic photometric
test from Roche (Mannheim, Germany) intended for manual processing and the Olympus AU
400 automat analyzer.

The principle of detection described in the fly sheet from the test is the following: free
CAR is acetylated to acetylcarnitine by acetyl-CoA in the presence of the enzyme carnitine
acetyl transferase. The resulting CoA is acetylated back to acetyl-CoA in the presence of
adenosine-5’-triphosphate (ATP) and acetate, catalyzed by the enzyme acetyl-CoA
synthetase. This results in the formation of adenosine-5’-monophosphate (AMP) and
inorganic pyrophosphate. In the presence of ATP, supported by myokinase, AMP forms at
twice the amount of adenosine-5’-diphosphate (ADP). This is converted in the following
reaction with phosphoenol pyruvate in the presence of pyruvate kinase. The pyruvate formed
is reduced to L-lactate by reduced nicotinamide adenine dinucleotide (NADH) in the presence
of lactate dehydrogenase. The amount of NADH consumed during the reaction is equivalent
to half the amount of CAR. NADH is the parameter which is quantified according to its
absorbance at 340 nm.

We followed instructions of the producer with a few of our own modifications.
Venous blood samples were collected into test tubes with KsEDTA

(ethylenediaminetetraacetic acid). Plasma was prepared in the usual way and deproteinized
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using a perchloric acid solution (0.6 mol/l) at the ratio of 1:1 (0.5 ml + 0.5 ml). After mixing
the solution was kept in an ice-bath for 10 minutes. Then it was centrifuged at 3000 g for 10
minutes and 1.2 mol/l potassium carbonate solution (0.5 ml) was added to the supernatant (0.5
ml) to adjust pH. This mixture was kept in an ice-bath for 20 minutes and then centrifuged at
3000 g for 5 minutes. The supernatant was frozen and stored at -80 °C until the analysis
(approx. 3 months).

As far as the method of CAR detection itself, the fly sheet from the test is intended for
manual processing. It is necessary to work with relatively high amounts of samples and
reagents. The reaction is time-consuming (about 40 minutes), too laborious and complicated.
It is a multi-step process in which 3 types of samples and reagents must be mixed gradually.
Absorbance is measured repeatedly during the course of this process, whereby the
concentration of CAR is finally calculated from the absorbance difference of the blank (the
sample is replaced by deionized water), the absorbance difference of the sample and other
physical values [Roche Diagnostics GmbH].

Because we wanted to apply this method employing the Olympus AU 400 analyzer, it
was necessary to modify it for using only two reagents in smaller volumes according to the
analyzer’s options. The commercial test contains three bottles No. 1 followed by bottles No.
2,3, 4 and 5. Exact composition of particular solutions is stated on the web sites of Roche
[Roche Diagnostics GmbH] or it is described in our article [Cibulka ef al., 2006].

In accordance with the manufacturer’s directions, the entire amount of the Bottle No. 1
should be dissolved in 10 ml of deionized water and mixed with 1 ml of detergent from the
Bottle No. 5. This solution (Solution No. 1) is stable for 4 days at 2-8° C. Suspensions in
Bottles No. 2, 3 and 4 are ready to use; they are stable for one year at 2-8° C. They are
gradually and separately added to the reaction mixture whose final volume is 2.205 ml.

Our modification of this method for the Olympus AU 400 analyzer was the following:
Solution No. 1 was mixed with Solution No. 2 (suspension from the Bottle No. 2 and
deionized water in the rate of 1:10) in the ratio of 1:1. This final solution was used as the R1
solution in the Olympus analyzer. Its stability was confirmed by controls always before and
after a series of measurements. The R2 solution was prepared as suspension from the Bottle
No. 3 diluted by the 0.1 M Tris buffer in the rate of 1:50. 75 ul of the R1 solution was
automatically diluted with 75 ul of water and added to 25 ul of sample or standard solution.
This mixture was incubated with the starting solution R2 at 37° C for 5 minutes. A decrease in

absorbance at 340 nm was measured kinetically between the 12" and 27" photometric points.
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We tested some analytical parameters of our modified method for free-CAR
determination using samples obtained from the external quality control system ERNDIM
(European Research Network for evaluation and improvement of screening, Diagnosis and
treatment of Inherited disorders of Metabolism) and further with the help of the
manufacturer’s controls from Roche and also on the basis of our own plasma samples. Except
the samples of HD patients (see above the paragraph Description of study population), we
examined also samples of 68 healthy blood donors from Transfusion department of Charles
University Hospital in Pilsen (46 men, 22 women; mean age 37.9 + 11.6 years). We
determined own reference values from their free-CAR concentrations as mean = 2 SD
(standard deviation) with respect to a normal data distribution; this was 40.1 = 17.8 umol/I.
Mean bias was acquired by measurement of four external quality control samples (at different
CAR concentrations) from ERNDIM; it was 5.1 %. Sensitivity of our method was calculated
as a limit of quantification (the value of mean absorbance of 10 blank samples + 10 x SD) at
2.6 umol/l. Intra-assay coefficient of variation was 2.4 %, inter-assay coefficient of variation
was 8.3 %. Analytical recovery was determined using standard addition of synthetic CAR (25,
50 and 100 uM) from Leopold Pharma (Graz, Austria) to a sample of known CAR
concentration (58.5 pmol/l). Each sample was measured three times and the mean + SD and
recovery (%) were calculated. The analytical recovery was 101.8 %, 99.5 % and 95.4 %
recovery was determined to be 101.8, 99.5 and 95.4 % [Cibulka et al., 2006].

The advantages of the automated method in comparison with the original manual
method are:

1. The possibility to work with much smaller amounts of samples, reagents and diluents in the
automatic analyzer. The total volume of the reagent mixture is reduced from 2.205 ml to
0.175 ml.

2. The total analysis time is much shorter. CAR determination in one series of 100 samples
only took approximately 1 h. Similar determination using the manual technique on a
photometer with one cuvette would take approximately 10 h.

3. The price of analysis is mainly dictated by the amounts of reagents consumed. As the
automated technique uses volumes approximately 10-fold lower than for the manual
technique, the price should also be approximately 10-fold lower. Under our conditions these
costs are € 13/sample for manual processing, in contrast to € 1.3/sample for automated
processing.

Another advantage of our method is that it shows good sensitivity for measurement of

low CAR concentrations, which can occur in patients immediately after a HD session.
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3.3.2. Determination of red blood cell count

Red blood cell count was examined on a Sysmex 9000 R (Shanghai, Japan) analyzer.

3.3.3. Determination of parameters of lipid metabolism

Determination of parameters of lipid metabolism (total cholesterol, HDL- and LDL-
cholesterol, triglycerides) was performed using routine enzymatic photometric methods on the
Olympus AU 400 analyzer. Total cholesterol and triglycerides (TG) were detected with kits
from Dialab (Vienna, Austria), HDL-cholesterol by a direct method with kits from Human
Diagnostics (Wiesbaden, Germany); LDL-cholesterol concentration was estimated by
Friedewald formula. Lipoprotein(a) was assessed by an immunoturbidimetric method from

Dako (Glostrup, Denmark).

3.3.4. Determination of parameters of nutrition and inflammation

Concentration of albumin was detected photometrically with a kit ALBUMIN
liquicolor from Human Diagnostics (Wiesbaden, Germany). Concentrations of C-reactive
protein (CRP), transferin and prealbumin were assessed immunoturbidimetrically; CRP with a
kit from K-Assay (Kamiya Biomedical Comp., Seattle, WA, USA), transferin and prealbumin
with kits from Roche (Mannheim, Germany) on the Olympus AU 400 analyzer.

3.3.5. Determination of parameters of oxidative stress and antioxidative defence
Antioxidative enzymes superoxiddismutase (SOD) and glutathionperoxidase (GPx)
were detected using kits from Randox (Crumlin, UK), reduced glutathione (GSH) in
erythrocytes was assessed photometrically with a kit from Oxis (Portland, USA),
malondialdehyde (MDA) was also tested photometrically as thiobarbituric acid reactive
substances (TBARS). MDA and other degradation products of peroxidation react with two
molecules of thiobarbituric acid, a colour product occurs and is extracted with n-butanol. This
product is subsequently measured using AUTO-EIA II microplate reader from Labsystems Oy
(Espoo, Finland). Oxidized LDL particles (oxLDL) were determined using ELISA method
from Mercodia (Uppsala, Sweden). Advanced glycation end-products (AGEs) were assessed
fluorimetrically and are expressed in arbitrary (fluorescence) units (FU) and as fluorescence
per gram of protein (FU/g). Advanced oxidation protein products (AOPP) were measured
spectrophotometrically according to Witko-Sarsat [Witko-Sarsat et al., 1996] and are

expressed in chloramine units (mmol/l) [Kalousova et al., 2002].
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3.3.6. Determination of parameters of calcium-phosphate and bone metabolism
Concentrations of Ca and P were detected by enzymatic photometric tests from
Olympus on the Olympus AU 400 analyzer, intact parathormone (PTH) by a
luminoimmunoassay on a Liason automated immunoanalyzer from DiaSorin (Saluggia, Italy)
and bone-specific alkaline phosphatase (b-ALP) by an immunochemical chemiluminescent
method from Beckman Coulter (Fullerton, USA) on an Access 2 (Fullerton, USA) analyzer.
Osteocalcin (OC) was assessed by an immunoradiometric assay from Cis Bio International
(Lyon, France) and osteoprotegerin (OPG) by an enzyme immunoassay from Biomedica

(Vienna, Austria).
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4. RESULTS

4.1. Changes in L-carnitine concentrations

The average concentration of free-CAR (shortcut CAR will be used in the following
text) in healthy blood donors was 40.1 + 8.9 umol/l (43.4 £+ 8.1 umol/l in men and 33.1 £ 5.6
pmol/l in women). The average CAR concentration in HD patients before HD session was
30.5 % 10.3 pmol/l (p <0.001 for the difference between healthy persons and HD patients
before HD) and 9.4 £+ 4.6 umol/l after it (p < 0.001 for the difference of values before HD and
after HD). A difference between HD men and women was not statistically significant.

Both groups of HD patients had comparable serum CAR concentrations at the
beginning of the study. The CAR concentration increased rapidly after 3 resp. 6 months of
CAR supplementation (from 29.5 + 8.7 umol/l to 135.3 = 39.9 umol/l resp. 111.7 + 35.7
umol/l; p < 0,001), while the control group had a tendency to decrease (from 30.4 £ 11.5
umol/l to 30.2 £ 12.5 umol/l resp. 25.7 £ 10.0 umol/l), see Table 1. The difference between
the supplemented group and the placebo group was confirmed also on the basis on the logistic
regression analysis.

The serum CAR concentration was observed in supplemented HD patients still two
months after the supplementation had ended (i.e., 7™ and 8™ month after the study had begun).
The CAR level leveled off at mean concentration about 65 pmol/l (64.6 + 20.7 umol/l resp.
65.0 = 16.6 pmol/l; p < 0,01 vs. levels before the supplementation), see Tab. 1.

Table 1. Comparison of serum free-CAR concentrations between the group of HD patients
supplemented with L-carnitine (CAR) and the placebo group of HD patients without CAR
supplementation (PL). Levels are expressed as mean * standard deviation in umol/l before

HD session and after it.

Group Month 0 Month 3 Month 6 Month 7 Month 8

before HD after HD before HD after HD before HD after HD before HD before HD
CAR 29.5+8.7 92+44 | 1353+39.9 | 394+125 | 111.7+35.7 | 37.6 £12.6 | 64.6+20.7 | 65.0+16.6
PL 30.4+115 9.7+5.0 30.2+125 10.8 +5.8 25.7 £10.0 11.1+3.8 — —

Abbreviations: CAR — carnitine, HD — hemodialysis, PL — placebo

15




According to the reference values for CAR in serum, which are stated in a book

Clinical Laboratory Diagnostics from Thomas et al. [Thomas, 1998], 26.5 % of our HD

patients had decreased levels before HD at the beginning of the study, while 73.5 % of our

patients had their levels in the reference ranges. In comparison with our control group of

blood donors, approximately 40 % of our patients had their CAR levels comparable with this

control group, while approximately 60 % of them had their CAR concentration significantly

lower. All HD patients had significantly decreased levels of CAR after HD session (approx. to

one third of predialysis values), which corresponds with the findings of Goral [Goral, 2001].

The CAR concentration increased so markedly in the supplemented group that their

CAR levels exceeded the lower reference limit even after HD session. It is interesting that the

effect of CAR supplementation was long-lasted, higher levels of CAR remained two months

after the supplementation had ended.

4.2. Changes of red blood cell count and doses of erythropoietin

We judged in this block an impact of CAR supplementation on hemoglobin (Hb)

concentration and weakly doses of recombinant human erythropoietin (rHuEPO). Statistical

description of these parameters is shown in 7Table 2. With respect to non-normally data

distribution weakly doses of rHUEPO are expressed as median values.

Table 2. Levels of hemoglobin and weakly doses of erythropoietin in the course of

supplementation with L-carnitine in the supplemented group (CAR) and in the control group

taking placebo (PL). Levels of hemoglobin are shown as mean + standard deviation, weakly

doses of erythropoietin are expressed as median values.

Parameter Group Month 0 Month 1 Month 2 Month 3 Month 4 Month 5 Month 6
113.32 + 113.24 114.22 = 116.02 = 112.70 = 113.68 = 114.84
Hb (g/1) CAR 18.33 17.03 16.62 16.88 16.43 16.45 17.02
115.15 113.61 + 116.41 + 120.20 + 113.12 + 118.80 + 117.05 +
PL 17.49 18.12 17.38 15.69 13.41 15.93 17.26
Dose of rHUEPO
(Ulweek) CAR 3000 4000 4000 3500 3500 4500 4500
PL 2000 4000 4000 4500 4500 5000 4500

Abbreviations: CAR — carnitine, Hb — hemoglobin, PL — placebo, rHuEPO — recombinant

human erythropoietin, U — unit
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We did not prove neither any significant changes in the Hb concentration nor changes
in the rHUEPO doses in the given groups. Not any trends were observed between the patients

supplemented with CAR and the controls taking placebo.

4.3. Changes of parameters of lipid metabolism

Statistical description of observed parameters of lipid metabolism is summarized in

Table 3.

Table 3. Parameters of lipid metabolism in the course of supplementation with L-carnitine in
the supplemented group (CAR) and in the control group taking placebo (PL). Values are

shown as mean =+ standard deviation.

Parameter Group Month 0 Month 3 Month 6

Total cholesterol
(mmol/l) CAR 461+1.05 | 4.66+1.02 4.62+1.29

PL 457+1.10 | 447+£0.98 | 443+0.95

HDL-cholesterol
(mmol/l) CAR 1.04+0.31 | 1.04+0.32 | 1.06+0.37

PL 1.13+0.31 1.17 £ 0.37 1.14 £ 0.36
LDL-cholesterol
(mmol/l) CAR 2.68+0.82 | 2.74+0.76 2.69+0.77

PL 2.65+0.93 | 260+0.77 | 2.56 +£0.83

Triglycerides

(mmol/l) CAR 243+1.18 | 2.38+1.76 | 2.32+1.04
PL 1.89+093 | 2.22+1.19 | 1.99+0.95

Lipoprotein(a)

(all) CAR 0.38+0.54 | 0.47+0.69 | 0.46 +£0.69

PL 0.48+0.59 | 0.52+0.70 | 0.54 + 0.66

Abbreviations: CAR — carnitine, PL — placebo

In respect the fact that CAR has an indispensable role for the appropriate function of
intramitochondrial beta-oxidation of fatty acids, we supposed a correction mainly in the serum
TG concentration. It was really a decreasing tendency in the supplemented group in contrast
to an increasing tendency in the control group. However, these changes were not statistically

significant.
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Changes of other parameters of lipid metabolism, i.e., total cholesterol, HDL- and

LDL-cholesterol and lipoprotein(a) did not show to be statistically significant in the given

groups.

4.4. Changes of parameters of nutrition and inflammation

Statistical description of observed parameters of nutrition and inflammation is

summarized in Table 4. With respect to non-normally data distribution the CRP

concentrations are expressed as median values (minimum—maximum).

Table 4. Parameters of nutrition and inflammation status in the course of supplementation

with L-carnitine in the supplemented group (CAR) and in the control group taking placebo

(PL). Levels of albumin, prealbumin and transferin are shown as mean + standard deviation,

levels of C-reactive protein are expressed as median values (minimum—maximum,).

Parameter Group Month 0 Month 1 Month 2 Month 3 Month 4 Month 5 Month 6
Albumin (g/l) CAR 39.05+3.87 | 38.26 +3.33 | 38.41+2.87 | 38.98+2.75 | 38.72+3.03 | 39.10 +3.32 | 41.32 £5.68
PL 38.69+3.20 | 38.10+3.37 | 38.85+3.45 | 39.29 +3.03 | 39.15+3.03 | 39.21 +2.75 | 40.53 £ 3.50
Prealbumin
(a/l) CAR 0.31+£0.10 - - 0.35+0.10 - - 0.27 £ 0.09
PL 0.30+£0.10 - - 0.33+0.12 - - 0.28 £0.11
Transferin (g/l) CAR 1.72+0.44 - - 1.75+0.40 - - 1.45+0.48
PL 1.68 +0.32 - - 1.69 +£0.28 - - 1.43+0.45
4.0 (1.0- 5.0 (1.0-
CRP (mg/l) CAR 75.0) - - - - - 160.0)
4.0 (1.0- 5.0 (1.0-
PL 50.0) — — — - - 186.0)

Abbreviations: CAR — carnitine, CRP — C-reactive protein, PL — placebo

We did not prove any significant changes of measured parameters in the given groups.

Not any trends were observed between the patients supplemented with CAR and the controls

taking placebo.

4.5. Changes of parameters of oxidative stress and antioxidative defence

Levels of observed parameters of oxidative stress and antioxidative defence are

summarized in Table 5. Results are expressed as median values (minimum—maximum)

because of non-normally distribution of most data.
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Table 5. Levels of parameters of oxidative stress and antioxidative defence in the course of

supplementation with L-carnitine in the supplemented group (CAR) and in the control group
taking placebo (PL). Results are shown as median values (minimum—-maximum) because of

non-normally distribution of most data. P expresses a statistic significance of the change

(month 6 — month 0); *p<0.05, **p<0.01, ***p<0.001, NS — statistically not significant

change.
Parameter Group Month O Month 6 P
SOD (U/g) KAR | 977.5(489.0-1601.0) | 1081.0 (743.0-1477.0) *
PL 874.0 (488.0-1582.0) | 1077.0 (688.0-1582.0) *
GPx (U/g) KAR 51.2 (24.2-82.4) 50.8 (21.4-105.7) NS
PL 54.2 (27.2-75.7) 54.6 (28.3-80.2) NS
GSH (mmol/l) KAR 2.03 (1.35-82.40) 1.85 (0.93-2.67) *
PL 2.06 (1.41-2.85) 1.87 (0.84-3.06) *
MDA (TBARS) (umol/l) KAR 2.15 (1.12-5.58) 1.89 (1.37-8.21) *
PL 2.14 (1.49-4.43) 2.01 (1.18-3.59) NS
OxLDL (1U/l) KAR 157.0 (64.0-299.1) 120.6 (53.0-359.0) ok
PL 144.3 (43.0-292.0) 98.0 (55.0-259.0) *
AGE (RLU/g bilkoviny
séra) KAR 25.7 (14.1-44.6) 28.5 (17.3-43.5) rrk
PL 25.9 (15.7-39.4) 27.3 (13.9-44.9) rork
AOPP (umol/l) KAR 101.5 (8.0-246.0) 94.0 (51.0-253.0) NS
PL 83.0 (52.0-181.0) 85.0 (46.0-161.0) NS

Abbreviations: AGE — advanced glycation end-products, AOPP — advanced oxidation protein
products, CAR — carnitine, GSH — reduced glutathione, GPx — glutathionperoxidase, MDA —
malondialdehyde, oxLDL — oxidized LDL particles, PL — placebo, SOD —

superoxiddismutase, TBARS — thiobarbituric acid-reactive substances

Initial values of measured parameters did not differ significantly between given groups
of HD patients. Although some changes occurred in the course of a half year supplementation
period, it was mostly in both groups together. Our groups also did not differ neither in the

dynamics of antioxidative enzymes SOD and GPx nor in levels of GSH in erythrocytes, AGE
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and AOPP. The MDA (resp. TBARS) concentration decreased significantly in supplemented
patients (p < 0.05), while a drop was only insignificant in controls. The oxLDL concentration
decreased significantly in both groups, but the change was more significant in the

supplemented group (p < 0.001) in comparison with the control group (p < 0,05).

4.6. Changes of parameters of calcium-phosphate and bone metabolism

Levels of observed parameters of Ca-P metabolism and bone turnover in HD patients
supplemented with CAR in contrast to controls taking placebo are summarized in Table 6.
Results are expressed as median values (minimum—maximum) because of non-normally
distribution of most data.

The multivariate stepwise logistic regression analysis showed that serum CAR
concentration was only the variable which was different between both groups of HD patients.
Both groups did not differ in concentrations of Ca, P and Ca-P product. Levels of these
parameters oscillated and therefore it was not possible to notice any trend. In case of PTH, the
median concentration had a decreasing tendency in the supplemented group in contrast to an
increasing tendency in the control group. However, these changes were not statistically
significant because of a very wide dispersion of PTH concentrations among all patients. We
did not find any differences in dynamics of b-ALP between both groups. We noted a
significant decrease after the supplementation period, but it occurred in both groups
simultaneously, so that we cannot attribute this effect to CAR supplementation. The change in
the concentration of OC can be characterized as a decreasing tendency of bone turnover in the
supplemented patients, although it was only an insignificant change. A significant increase
was, on the contrary, noted in the controls (p < 0.05).

The normal range for OPG in serum is 18 — 42 ng/l. Our patients had at the beginning
of the study the average concentration 172.0 + 91.4 (median = 142.0) ng/l. The OPG
concentration increased significantly after CAR supplementation (p < 0.05), while an increase

was only insignificant in the controls.

Table 6. Levels of parameters of Ca-P metabolism and bone turnover in the course of
supplementation with L-carnitine in the supplemented group (CAR) and in the control group
taking placebo (PL). Results are shown as median values (minimum—-maximum) because of
non-normally distribution of most data. P expresses a statistic significance of the change
(month 6 —month 0); *p<0.05, **p<0.01, ***p<0.001, NS — statistically not significant

change.

20



Parameter Group Month 0 Month 3 Month 6 P
Ca (mmol/l) CAR 2.30 (1.65-2.97) 2.28 (1.52-2.78) 2.32 (1.87-3.18) NS
PL 2.35 (1.91-2.85) 2.37 (2.03-3.12) 2.36 (2.03-2.80) NS
P (mmol/l) CAR 1.74 (0.71-3.71) 1.86 (0.94-3.43) 1.76 (0.57-3.30) NS
PL 1.71 (1.02-3.50) 2.11 (1.10-3.63) 1.84 (0.69-4.30) NS
Ca x P (mmol*/%) CAR 4.08 (1.55-7.26) 4.35 (2.14-8.12) 4.22 (1.52-7.59) NS
PL 4.14 (2.42-8.68) 4.70 (2.35-8.86) 4.15 (1.51-8.99) NS
PTH (ng/l) CAR 186.0 (12.0-646.0) - 135.5 (11.0-627.0) NS

PL 148.0 (10.0-1294.0) - 207.0 (10.0-685.0) NS

b-ALP (ug/l) CAR 13.9 (4.8-80.3) - 13.2 (4.4-51.7) *
PL 15.2 (5.8-47.8) - 13.2 (5.4-49.3) *

OC (ugfly CAR 78.3 (19.8-259.2) - 68.8 (6.5-381.9) NS
PL 62.7 (16.6-409.1) - 79.8 (20.7-408.2) *

OPG (ng/l) CAR | 144.0 (56.0-388.0) - 182.0 (56.0-450.0) *

PL 140.0 (48.0-448.0) — 164.0 (48.0—460.0) NS

Abbreviations: b-ALP — bone-specific alkaline phosphatase, Ca — calcium, Ca x P — Ca-P
product, CAR — carnitine, OC — osteocalcin, OPG — osteoprotegerin, P — inorganic

phosphate, PL — placebo, PTH — parathormon

A significant correlation was found by the Spearman correlation analysis between
changes of CAR (CAR before HD 6 — CAR before HD 0) and OPG (OPG 6 — OPG 0) levels
in the supplemented group (r = 0.51, p < 0.001), while no correlation occurred in the controls
(r=10.03, p = 0.88). Stepwise regression analysis (including changes of CAR, PTH, Ca, P; age
and dialysis treatment period as input independent variables and OPG change as a dependent
variable) revealed the CAR change, PTH change and age as the most significant variables for
the multiple regression analysis. It showed that the CAR change was the most significant
factor influencing the OPG change in the supplemented group (adjusted R* = 0.38, p < 0.001).
In the same regression model, no relation was observed between these variables in the control

group without CAR supplementation. The results are shown in Table 7 and Figure 1.
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Table 7. Multiple regression analysis of the OPG change as dependent variable and the CAR
change, PTH change and age as independent variables. RC means regression coefficient, SE

is standard error, P expresses statistical significance.

Independent variable RC SE P
CAR change 0.75 0.23 0.003
PTH change 0.20 0.08 0.010
Age 1.82 0.73 0.020
Adjusted R2 0.38

Abbreviations: CAR — carnitine, OPG — osteoprotegerin, PTH — parathormone

Figure 1. Correlation between changes of serum free-CAR and OPG levels in HD patients

supplemented with L-carnitine (open squares) and controls taking placebo (full squares).
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Abbreviations: CAR — carnitine, HD — hemodialysis, OPG — osteoprotegerin
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4.7. Changes of clinical status

The CAR administration was not accompanied by any adverse effects. None of the
patients left the study because of any negative subjective symptoms. The patients who died in
the course of the study originated equally from the supplemented group (7 patients) and the
control group (9 patients). On the other hand, no difference was noticed in clinical status and

incidence of complications of HD treatment between both groups.
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5. DISCUSSION

Some authors describe that CAR administration can influence positively the nutritional
status of HD patients. Argani et al. supplemented 500 mg CAR perorally for two months and
observed an increase of albumin concentration from 37.0 + 4.0 to 42.0 + 5.0 g/l [Argani ef al.,
2005]. Savica et al. administered CAR intravenously for six months in a dose of 20 mg/kg (n
= 48) or placebo (n = 65) three times weekly et the end of each HD session. The
supplemented patients had a significant increase in serum concentrations of albumin,
transferin and hemoglobin along with a decrease of CRP concentration. An opposite trend of
these parameters was noted in the control group. Authors explained these changes by an
antiinflammatory effect of CAR accompanied by an improve of energy metabolism after its
supplementation [Savica et al., 2005].

No significant effect of CAR on nutritional parameters was observen in our study. If
we look on these parameters before the supplementation, we can see that only a little
percentage of patients had a true protein malnutrition. Concretely only 8.7 % of included
patients had their prealbumin concentration lower than the lower reference limit (< 0.2 g/l);
10.9 % of patients had their albumin concentration lower than the lower reference limit (<
35.0 g/l). It seems that most of HD patients did not suffer from protein malnutrition at the
beginning of the study and therefore an effect of CAR could not have manifest.

Some studies suggest that CAR may treat anemia by increasing erythrocyte survival
time, thereby serving as an adjunct to EPO for HD patients [Boran ef al., 1996; Bérard &
Iordache, 1992]. We confirmed these findings in our pilot study [Vesela et al., 2001], but not
in the current study. We cannot explain this discrepancy convincingly.

In respect of possible effects of CAR on lipid metabolism, we supposed mainly some
influence of intramitochondrial beta-oxidation and subsequently correction of serum TG
concentration. Simultaneously, we had a hypothesis that an increased removing of superfluous
fatty acids from cytosol could lead to modulation of oxidative stress. The facts that HD
patients often suffer from CAR deficiency as well as positive results of ou pilot study [Vesela
et al., 2001] were good background for validity of our hypothesis. Some authors even
attribute to CAR direct antioxidative effects [Ames & Liu, 2004; Sener et al., 2004].

The opposite trend in serum TG concentration between the supplemented and the
placebo group along with the significant drop of MDA (resp. TBARS) concentration in

supplemented patients in contrast to controls maintain our hypothesis, in spite of the fact that
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other parameters of lipid metabolism, oxidative stress and antioxidative defence were not so
striking as we had expected.

In case of Ca-P metabolism, we were also surprised at a relatively good state of our
study population at the beginning of the trial. Levels of Ca, P, Ca-P product and PTH did not
deviate from standard of recommended values issued by the National Kidney Foundation
[National Kidney Foundation, 2003]. We supposed more severe hyperphosphatemia in HD
patients in concordance with literary data [Giachelli et al., 2005]. Our hypothesis was based
on a potencial reduction of phosphatemia due to improved energy metabolism during CAR
supplementation. The superfluous P should be used in a larger degree for phosphorylation
reactions including ATP synthesis in the mitochondria, and therefore the concentration of P in
serum should decrease. This hypothesis was also supported by results of other investigations
[Ahmad et al., 1990; Vesela et al., 2001]. In our pilot study, we found a decreasing tendency
of P concentrations from 2.10 = 0.52 mmol/I to 1.98 £+ 0.40 mmol/l, but these changes were
not significant. The principal difference between these studies and our current study was that
the studies mentioned above were performed on relatively seriously hyperphosphatemic
patients. It could be one of the reasons why we cannot confirm our primary hypothesis.

Although we did not prove any significant changes in the concentrations of Ca and P,
we did find a decreasing tendency of PTH in the supplemented group along with an increasing
tendency in the control group. We cannot explain convincingly this finding; nevertheless it is
possible to speculate on a direct effect of CAR on parathyroid glands. It has not been
investigated yet, as there has been no published evidence up to now. The potential influence
of CAR on PTH synthesis and secretion and, in this way, correction of secondary
hyperparathyroidism should be more deeply researched.

As beta-oxidation of fatty acids yield an important deal of energy for bone cells
[Adamek ef al., 1987], we focused on a potential effect of CAR supplementation on the
metabolism of osteoblasts. We observed b-ALP and OC levels mainly as markers of bone
turnover. In spite of its retention and accumulation in HD patients, OC is considered as a very
good marker of bone turnover [Charhon ef al., 1986; Sebert ef al., 1987]. Normal values for
OC determined in our laboratory were 6.0 — 31.0 pug/l in men and 8.0 — 36.0 pg/l in women.
With regard to these values, 91.7 % of HD patients in our study had an increased OC
concentration at the beginning of the study while only 8.3 % were in the reference ranges; the
median concentration was 65.2 pg/l. B-ALP concentration was also near the upper limit of
normal [Urefia & De Vernejoul, 1999]. Therefore we presumed a higher bone turnover in

most of HD patients at the beginning of the study. The changes of b-ALP, OC and PTH in HD
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patients which were supplemented with CAR can be described as a tendency to decrease of
bone turnover and secondary hyperparathyroidism.

The identification of the OPG/RANKL/RANK system as the dominant, final mediator
of osteoclastogenesis represents a major advance in bone biology [Khosla, 2001; Kostenuik,
2005]. RANKL (ligand for receptor activator of nuclear factor kappa B) expression is
inducible on the osteoblast cell membrane, while its receptor (RANK) is found on cells of an
osteoclastic lineage. Binding of RANKL to RANK promotes osteoclasts differentiation,
activation and survival, thereby increasing the pool of mature osteoclasts available to
undertake bone resorption. OPG (osteoprotegerin) is also an osteoblastic product, but is
secreted rather than membrane bound. Once released, it acts as a decoy receptor for RANKL,
preventing its interaction with RANK and slowing the recruitment of osteoclasts. In this way,
bone remodeling becomes intimately related to changes in expression of OPG and RANKL
[Khosla, 2001]. In HD patients, the bone mineral density was positively correlated with the
OPG level in the study of Nakashima et al. [Nakashima et al., 2006]. Authors concluded that
OPG might be an independent factor that prevents bone loss in HD patients.

The normal range for OPG in serum is 18 — 42 ng/L. Circulating OPG levels have
been found to be elevated in uremic patients in many other studies, but the factors regulating
OPG levels in dialysis patients remain unclear. Avbersek-Luznik et al. say that it is a
compensating production which protects bones against intensive bone loss during dialysis
treatment [Avbersek-Luznik et al., 2002].

Remarkable changes in the OPG concentration were registered in our study after 6
months of CAR supplementation. While the significant increase was noted in the
supplemented group, virtually no change occurred in the control group. This effect could be
explained via PTH action. As noted earlier, PTH had a decreasing tendency in the patients
supplemented with CAR contrary to an increasing tendency in the controls. It was proved that
PTH is a factor which decreases OPG/RANKL ratio. Lee and Lorenzo have described that
PTH was increasing RANKL and decreasing OPG expression by osteoblasts [Lee & Lorenzo,
1999]. Another explanation could subsist on a direct effect of CAR on the metabolism of
osteoblasts. This hypothesis shows to be more probable with respect to the results of
Spearman correlation and multiple regression analysis mentioned above. Colucci et al. proved
as well that CAR administration positively affect human osteoblast proliferation and

differentiation in vitro [Colucci ef al., 2005], which also favours this hypothesis.
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6. CONCLUSIONS

Because CAR is essential for appropriate functioning of metabolism and its deficit,
which was repeatedly approved in HD patients, can participate in development of serious
complications of HD treatment, many authors recommend its supplementation in these
patients. In accordance with our results, a large part of HD patients has their CAR level
comparable with healthy population. An effect of supplementation may be in persons with a
normal serum CAR concentration questionable. On the other hand, we are aware of the fact
that the serum CAR level doesn't need to inform exactly about intracellular stores. On the
contrary, positive effects are expected in patients with proved lower CAR concentrations. To
date, the so called “dialysis-related carnitine disorder” has been diagnosed only on the basis of
clinical symptoms which cannot serve as exact and objective evidence of CAR deficiency.
Therefore, we decided to develop an automated method for CAR determination using an
Olympus AU 400 analyzer, which would be easy to use and inexpensive. This enzymatic
photometric method could be a useful tool for a more accurate diagnosis of CAR deficiency
and thereby to complete clinical symptoms. Main advantages of our method in comparison to
other methods of CAR determination are smaller amounts of required samples, reagents and
diluents and a shorter analysis time. Furthermore, this method showed good sensitivity for
measurement of low CAR concentrations, which can occur in patients immediately after HD
session.

In terms of our findings during the trial, we draw the following conclusions:

1. The concentration of CAR in serum of chronically HD patients before HD session is
decreased approximately in 40 % of patients; approximately 60 % of HD patients have their
predialysis CAR levels which are comparable with healthy persons.

2. A single HD session reduces serum CAR concentration to about one-third of its predialysis
value.

3. The supplementation with CAR leads to a high increase of serum CAR concentration, so
that the values of CAR after HD exceed the lower reference limit for healthy population.

4. The higher CAR concentration remains in the long term after the end of supplementation.
5. A decrease of TG concentration along with a significant decrease of MDA and oxLDL
concentrations in patients supplemented with CAR reflects an improvement of fatty acid
metabolism and reduction of lipid peroxidation. As HD patients have a higher degree of
oxidative stress a lower intracellular antioxidative defence, this effect could be relatively

important.
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6. The supplementation with CAR suppresses the activation of osteoclasts due to an
increasing production of OPG which acts as an important inhibitor of osteoclastogenesis. In
connection with reduced bone turnover and PTH levels, it seems like a very positive
metabolic effect because secondary hyperparathyroidism is considered to be one of serious
complications of HD treatment.

7. Any improvements in parameters of nutrition and inflammation as well as an influence of
red blood cell count weren't noted. We explain these findings by a relatively good metabolic
state of our patients at the beginning of the study. Parameters of nutrition and also levels of
hemoglobin were for the most part of them surprisingly in reference ranges for healthy
population before the CAR supplementation had started.

8. The administration of CAR was not accompanied by any adverse effects. On the other
hand, no difference was noticed in clinical status and incidence of complications of HD
treatment between both groups.

9. In conclusion, the supplementation with CAR can influence some metabolic disorders
which occur in connection with its deficit in HD patients. We suppose positive effects mainly
in patients with decreased serum CAR levels.

10. To date, the diagnosis of CAR deficiency was based only on clinical symptoms, which
cannot be fully objective. We offer an enzymatic photometric method of CAR determination
which we adapted on the Olympus AU 400 analyzer. This method can be helpful for the

diagnosis verification and for selection of appropriate patients for supplementation with CAR.
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7. SUMMARY

Chronic kidney failure is associated with many kinds of metabolic disorders caused by
the kidney disease and also attributable to dialysis treatment. Phenomena such as
accumulation or deficit of various substances and dysregulation of metabolic pathways

participate in the pathogenesis of these changes.

One of these disorders, which we studied in more detail, is a deficit of carnitine.
Carnitine is a substance which plays an essential role in beta-oxidation of fatty acids by
catalyzing their transport into the mitochondrial matrix. It enables obtaining of energy,

namely in muscle cells including myocardium.

Patients with chronic kidney failure treated by hemodialysis are known to have
decreased carnitine concentration in plasma and tissues due to its impaired synthesis in
kidneys and the great loss across the hemodialysis membrane during dialysis sessions. A
single hemodialysis session reduces plasma free-carnitine concentrations to about one-third of
their predialysis values because of small molecule of free-carnitine. On the other hand, renal
elimination of acylcarnitine, which is physiologically ineffective, may be impaired in chronic
kidney failure, leading to increased blood concentrations of acylcarnitine. Although these
subnormal free-carnitine levels with elevated acylcarnitine fractions may result in normal or
elevated total plasma carnitine levels in dialysis patients, the functional carnitine pool in

tissues is decreased.

Considerable evidence suggests that carnitine deficiency and abnormalities of carnitine
metabolism result in a number of clinical conditions that are associated with dialysis,
including muscle weakness, hypotension, fatigue, muscle cramps, poor exercise tolerance,
anemia, left ventricular dysfunction, and higher incidence of arrhythmias. Recent studies have
demonstrated that carnitine supplementation can restore the abnormal metabolism in dialysis

patients and may alleviate some of the symptoms mentioned above.

The American National Kidney Foundation has recently approved “Practice
Recommendations for the Use of L-carnitine in Dialysis-Related Carnitine Disorder”, which
manifests itself as a syndrome of clinical problems and symptoms, most notable of which are
anemia that is hyporesponsive to erythropoietin therapy, intradialytic hypotension,

cardiomyopathy, and skeletal muscle dysfunction manifested as generalized fatigability.
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The main goal of this project was to investigate possible effects of carnitine
supplementation on metabolic parameters which could be positively influenced by the support
of intramitochondrial beta-oxidation and energy metabolism. These are markers of nutrition,
lipid metabolism, red blood cell count and, according to our previous findings, also
parameters of oxidative stress and calcium-phosphate metabolism. The purpose is finding
ways to prevent from the development of atherosclerosis and renal bone disease in chronically

hemodialyzed patients.

The consequential goal was to adapt an enzymatic photometric method for free-

carnitine determination and its automation for the Olympus AU 400 analyzer.

According to our results, a great deal of hemodialyzed patients has carnitine levels
comparable with a healthy population. Hence, an effect of supplementation in these persons is
questionable, although we realize that serum carnitine concentration may not accurately
predicate of tissue saturation. Conversely, positive effects could be expected in patients with

decreased carnitine levels.

Some authors describe that the supplementation with carnitine may positively
influence nutritional-inflammation status of hemodialyzed patients. Changes should be
happened due to anti-inflammatory effect of carnitine and general improvement of the energy
metabolism after its administration. Furthermore, many papers describe positive effects of
carnitine on the red blood cell count which manifest by reducing doses of erythropoietin in
hemodialyzed patients treated for anemia. This influence should be enabled by increased
stability of the erythrocyte membrane and thus reduced degree of hemolysis. In contrast to our
pilot study, these effects were not proved in the current study. We cannot identify causes so
exactly, but it seems that a health state of the majority of patients was fairly well-managed at
the beginning of the supplementation period and therefore an effect of carnitine on this field

of metabolism could not have enforced.

With respect to potential effects of carnitine on lipid metabolism and oxidative stress,
we noted a decreasing tendency of serum triglycerides levels in supplemented patients in
contrast to controls. Concentration of malondialdehyde, which is considered to be a marker of
oxidative stress, decreased. Other parameters of lipide metabolism, oxidative stress and

antioxidative defense did not significantly differ between both groups of patients.

Although we did not prove any significant changes in concentrations of calcium and

inorganic phosphate, we did find a tendency to correction of secondary hyperparathyroidism
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and reduction of bone turnover in the group of patients supplemented with carnitine along
with an increasing tendency in controls. Concentration of osteoprotegerin increased
significantly after six months of the supplementation, while levels of parathormone and
osteocalcin had only a decreasing tendency which was not statistically significant. An
opposite trend was noted in the control group without carnitine supplementation. As
osteoprotegerin is an important factor which suppress activation of osteoclasts, its increased
concentration might play a role in prevention of renal bone disease and osteoporosis in

hemodialyzed patients.

In conclusion, the carnitine supplementation can influence some clinical and
biochemical symptoms which occur in connection with its deficit in hemodialyzed patients.
Concerning metabolis parameters, these are namely markers of nutrition and inflammation,
lipid metabolism, red blood cell count and, according to our previous experience, also some
parameters of oxidative stress and calcium-phosphate metabolism.

However, our results have shown that a great deal of hemodialyzed patients may have
serum carnitine levels in reference ranges for healthy population. We can explain in this way,
why observed metabolic changes were greater in our pilot study. At that time, from about 50
hemodialyzed patients were taken into the study only 12 patients with the lowest carnitine
levels.

To date, the deficit of carnitine in hemodialyzed patients has been diagnosed only on
the basis of clinical symptoms defined by the American Kidney Foundation. These symptoms
are very important, but cannot serve as exact and objective evidence of carnitine deficiency.
Therefore we developed the photometric method for free-carnitine determination which we
modified and adapted for use on the Olympus AU 400 analyzer. This method may be helpful

for selection of appropriate patients for carnitine supplementation.
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