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Abstract
This study has been initiated to investigate whether endogenous carnitine depletion and/or carnitine deficiency is a risk factor during development
of cisplatin (CDDP)-induced cardiomyopathy and if so, whether carnitine supplementation by propionyl-l-carnitine (PLC) could offer protection
against this toxicity. To achieve the ultimate goal of this study, a total of 60 adult male Wistar albino rats were divided into six groups. The first three
groups were injected intraperitoneally with normal saline, PLC (500 mg kg−1 ), and d-carnitine (500 mg kg−1 ) respectively, for 10 successive days.
The 4th, 5th, and 6th groups were injected intraperitoneally with the same doses of normal saline, PLC and d-carnitine, respectively, for 5 successive
days before and after a single dose of CDDP (7 mg kg−1 ). On day 6 after CDDP treatment, animals were sacrificed, serum as well as hearts were
isolated and analyzed. CDDP resulted in a significant increase in serum creatine phosphokinase isoenzyme (CK-MB) and lactate dehydrogenase
(LDH), thiobarbituric acid reactive substances (TBARS) and total nitrate/nitrite (NO(x)) and a significant decrease in reduced glutathione (GSH),
total carnitine, and adenosine triphosphate (ATP) content in cardiac tissues. In the carnitine-depleted rat model, CDDP induced dramatic increase
in serum cardiomyopathy enzymatic indices, CK-MB and LDH, as well as progressive reduction in total carnitine and ATP content in cardiac
tissue. Interestingly, PLC supplementation resulted in a complete reversal of the increase in cardiac enzymes, TBARS and NOx , and the decrease
in total carnitine, GSH and ATP, induced by CDDP, to the control values. Moreover, histopathological examination of cardiac tissues confirmed the
biochemical data, where PLC prevents CDDP-induced cardiac degenerative changes while d-carnitine aggravated CDDP-induced cardiac tissue
damage. In conclusion, data from this study suggest for the first time that carnitine deficiency and oxidative stress are risk factors and should
be viewed as mechanisms during development of CDDP-related cardiomyopathy and that carnitine supplementation, using PLC, prevents the
progression of CDDP-induced cardiotoxicity.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction
Cisplatin, cis-diamminedichloroplatinum II (CDDP), is an
inorganic platinum compound with a broad-spectrum antineoplastic activity against various types of animal and human
tumours [1]. Unfortunately, the optimal usefulness of CDDP as
an important anticancer drug is usually limited secondary to its
dose related nephrotoxicity [2,3]. It is well known that CDDPinduced nephrotoxicity is the most important dose-limiting factor in cancer chemotherapy [2,3].
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Earlier studies have reported that CDDP therapy is usually
associated with cardiotoxicity [4,5]. Cardiac events, reported in
many case reports, may include electrocardiographic changes,
arrythmias, myocarditis, cardiomyopathy and congestive heart
failure [6–8]. CDDP-induced cardiotoxicity was reported to be
due to its disposition in the sinoatrial-node area, which may lead
to bradycardia [9]. Combinations of CDDP with other anticancer
drugs as methotrexate, 5-fluorouracil, bleomycin and doxorubicin are associated with lethal cardiomyopathy [10–13].
CDDP is a well-known renal tubular toxin, leading to
increased excretion of a number of vital endogenous substances
including l-carnitine [14,15]. Under normal physiological conditions, l-carnitine is highly conserved since 90% of the filtered
l-carnitine is reabsorbed at the proximal tubular level [16]. It
has been reported that CDDP inhibited carnitine reabsorption
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with the consequent increase in urinary excretion of carnitine
that represents an early marker of CDDP-induced nephrotoxicity [15]. Recent study in our laboratory have demonstrated the
progression of CDDP-induced nephrotoxicity under condition
of carnitine deficiency and that carnitine supplementation could
protect against this toxicity [17].
However, the effects of CDDP on the cardiac function under
condition of carnitine depletion and the role of carnitine in
CDDP-related cardiomyopathy are not studied yet. Therefore,
the present study have selected the natural short chain derivative of l-carnitine, Propionyl-l-carnitine (PLC), which proved
efficacy in treatment of many forms of cardiomyopathies and
have several therapeutic advantages over l-carnitine or acetyll-carnitine. First, PLC has a higher transport rate into cardiac
myocytes than l-carnitine, thus increasing myocardial carnitine
content and substrates oxidation rates [18–20]. Second, PLC
has higher affinity for muscular carnitine transferase, thus PLC
is highly specific to cardiac and skeletal muscles [18,21]. Third,
PLC stimulates with a better efficiency of the krebs cycle by providing it with a very easily usable substrate, propionate, which is
rapidly transformed into succinate without energy consumption
(anaplerotic pathway) [18,20]. Furthermore, PLC suppresses
the formation of hydroxyl radicals, thus acting as a free radical scavenger [22]. Finally, due to the particular structure of
the molecule with a long lateral tail, PLC has a specific pharmacological action independently of its effect on metabolism
resulting in peripheral dilatation and positive inotropism
[23].
Up to date, in the literature, we could not find any study
investigating the effects of CDDP on the myocardium under
condition of endogenous carnitine depletion and the role of lcarnitine supplementation in CDDP-induced cardiomyopathy.
Therefore, this study has been initiated to investigate whether
endogenous carnitine depletion and/or carnitine deficiency is a
risk factor and should be viewed as a mechanism during development of CDDP-induced cardiomyopathy and if so, whether
carnitine supplementation by PLC could offer protection against
this toxicity.
2. Materials and methods
2.1. Animals
Adult male Wistar albino rats, weighing 230–250 g, were
obtained from the Animal Care Center, College of Pharmacy,
King Saud University, Riyadh, Saudi Arabia and were housed
in metabolic cages under controlled environmental conditions
(25 ◦ C and a 12 h light/dark cycle). Animals had free access to
pulverized standard rat pellet food and tap water unless otherwise indicated. The protocol of this study has been approved by
Research Ethics Committee of College of Pharmacy, King Saud
University (KSU), Riyadh, Kingdom Saudi Arabia (KSA).
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store, KSU, KSA. PLC and d-carnitine (products of Sigma-Tau
Pharmaceuticals, Pomezia, Italy) were kindly supplied by Dr.
Menotti Calvani, Sigma-Tau, Pomezia, Italy. All other chemicals used were of the highest analytical grade.
2.3. Carnitine-depleted model
Experimental animal models of carnitine deficiency were
developed by Paulson and Shug [24], Whitmer [25]; and Tsoko
et al. [26]. In the current study, carnitine deficiency was induced
in rats by daily intraperitoneal (i.p.) injection of d-carnitine,
the inactive isomer, at dose level of 500 mg kg−1 for 10 successive days according to Sayed-Ahmed et al. [17]. Depletion
of l-carnitine by d-carnitine occurs via an exchange of the dand l-isomers across the cell membrane where the intracellular l-carnitine was shown to exchange with the extracellular
d-carnitine. Moreover, d-carnitine possesses an inhibitory effect
upon carnitine transferase enzymes and competitive inhibitory
effect upon l-carnitine uptake [24–26].
2.4. Experimental design
A total of 60 adult male Wistar albino rats were used and
divided at random into 6 groups of 10 animals each. The first
three groups were injected with normal saline (0.5 ml 200 gm−1
body weight, i.p.), PLC (500 mg kg−1 , i.p.), and d-carnitine
(500 mg kg−1 , i.p.) respectively, for 10 successive days. The
4th, 5th, and 6th groups were injected with the same doses
of normal saline, PLC and d-carnitine, respectively for 5 successive days before a single dose of CDDP (7 mg kg−1 , i.p.)
and continued for 5 successive days after CDDP treatment. On
day 6 after CDDP administration, animals were anesthetized
with ether, and blood samples were obtained by heart puncture.
Serum was separated for measurement of lactate dehydrogenase
(LDH), creatine phosphokinase iso-enzyme (CK-MB) and total
carnitine. Animals were then sacrificed by decapitation after
exposure to ether in a dessicator kept in a well-functioning hood
and heart was quickly excised, washed with saline, blotted with
a piece of filter paper and homogenized, in normal saline or
6% perchloric acid as indicated in the procedures of measurement of each parameter, using a Branson sonifier (250, VWR
Scientific, Danbury, Conn., USA). Heart specimens from each
group were removed to be examined histopathologically, they
were fixed in 10% neutral buffered formalin, sectioned at 3 m
and stained with Hematoxylin and Eosin (H&E) stain for light
microscopic examination to evaluate the following parameters:
(1) muscle fiber damage; (2) cytoplasmic damage; (3) hemorrhage. The marking system used was according to the following
scale: (A) no degenerative change: 0+; (B) mild degenerative
change: 1+; (C) moderate degenerative change: 2+; (D) severe
degenerative change: 3+.
2.5. Assessment of cardiac enzymes

2.2. Materials
Cisplatin (cisplatyl 50 mg, Laboratoire Roger Bellon, France)
was purchased from King Khalid University Hospital drug

Serum activities of LDH and CK-MB were determined
according to the methods of Buhl and Jackson [27] and Wu
and Bowers [28], respectively.
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2.6. Determination of reduced glutathione and lipid
peroxidation in cardiac tissues
The tissue levels of the acid soluble thiols, mainly GSH,
were assayed spectrophotometrically at 412 nm, according to
the method of Ellman [29], using a Shimadzu (Tokyo, Japan)
spectrophotometer. The contents of GSH were expressed as
mol g−1 wet tissue. The degree of lipid peroxidation in cardiac
tissues was determined by measuring thiobarbituric acid reactive
substances (TBARS) in the supernatant tissue from homogenate
[30]. The homogenates were centrifuged at 3500 rpm and supernatant was collected and used for the estimation of TBARS. The
absorbance was measured spectrophotometrically at 532 nm and
the concentrations were expressed as nmol TBARS g−1 wet tissue.
2.7. Determination of total nitrate/nitrite (NO(x))
concentrations in cardiac tissues

using ODS-Hypersil, 150 × 4.6 mm i.d., 5 m column (Supelco
SA, Gland, Switzerland) and 75 mM ammonium dihydrogen
phosphate as mobile phase. The peak elution was followed at
254 nm.
2.10. Statistical analysis
Differences between obtained values (mean ± S.E.M.,
n = 10) were carried out by one way analysis of variance
(ANOVA) followed by the Tukey–Kramer multiple comparison test. A p-value of 0.05 or less was taken as a criterion for a
statistically significant difference.
3. Results
Fig. 1 shows the effects of CDDP on serum cardiac enzymes,
LDH (A) and CK-MB (B), in PLC-supplemented and carnitine-

Total nitrate/nitrite (NO(x)) was measured as stable end product, nitrite, according to the method of Miranda et al. [31]. The
assay is based on the reduction of nitrate by vanidium trichloride
combined with detection by the acidic griess reaction. The diazotization of sulfanilic acid with nitrite at acidic pH and subsequent
coupling with N-(10 naphthyl)-ethylenediamine produced an
intensely colored product that is measured spectrophotometrically at 540 nm. The levels of NOx were expressed as mol g−1
wet tissue.
2.8. Determination of total carnitine levels in serum and
cardiac tissues
Heart homogenate was prepared in ice-cold 6% perchloric
acid and centrifuged at 8000 × g for 10 min. The supernatant was
used for the estimation of free carnitine, whereas the remaining
pellet was used for determination of long chain acyl carnitine after hydrolysis in 1 M KOH at 65 ◦ C for 1 h according to
Alhomida [32]. Carnitine was determined in serum and the soobtained tissue samples using HPLC after precolumn derivatization with l-aminoanthracene as previously described by Longo
et al. [33]. The mobile phase was prepared by mixing 700 ml
of 0.1 M ammonium acetate pH 3.5 with 300 ml of acetonitrile.
Chromatographic separation was performed at a flow rate of
1.3 ml min−1 , using a Kromasil C18, 250 × 4.6 mm i.d. 5 m
column (Saulentechnik Knayer, Berlin, Germany). The excitation and emission wavelengths of the spectrofluorimeter were
248 and 418 nm, respectively.
2.9. Determination of adenosine triphosphate in cardiac
tissues
Adenosine triphosphate was determined in heart tissues using
HPLC according to Botker et al. [34]. In brief, heart tissue
was homogenized in ice-cold 6% perchloric acid, centrifuged
at 1000 rpm for 15 min at 0.5 ◦ C, and the supernatant fluid was
injected into HPLC after neutralization to pH 6–7. Chromatographic separation was performed at a flow rate of 1.2 ml min−1 ,

Fig. 1. Effect of CDDP, PLC, d-carnitine and their combination on serum cardiomyopathy enzymatic indices, LDH (A) and CK-MB (B) in rats. Data are
presented as mean ± S.E.M. (n = 10). (*) and (#) indicate significant change
from control and CDDP, respectively, at p < 0.05 using ANOVA followed by
Tukey–Kramer as a post ANOVA test.
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depleted rats. Six days after treatment, a single dose of CDDP
(7 mg kg−1 ) resulted in a significant 35 and 51% increase in
serum LDH and CK-MB, respectively, as compared to the control group. Administration of either PLC or d-carnitine alone for
10 successive days showed non-significant change. Combined
treatment with CDDP and d-carnitine resulted in a significant
24 and 100% increase in serum LDH and CK-MB, respectively,
as compared to CDDP alone. Interestingly, administration of
PLC in combination with CDDP resulted in a complete reversal
of CDDP-induced increase in serum LDH and CK-MB to the
control values.
Fig. 2 shows the effects of CDDP, PLC, d-carnitine and their
combination on oxidative stress biomarkers namely TBARS (A),
GSH (B), and NOx (C) in cardiac tissues. CDDP resulted in a
significant 40% decrease in GSH and a significant 60 and 99%
increase in TBARS and NO(x), respectively, as compared to

Fig. 2. Effect of CDDP, PLC, d-carnitine and their combination on the levels of
thiobarbituric acid reactive substances (A), reduced glutathione (B), and total
nitrate/nitrite (C) in rat cardiac tissues. Data are presented as mean ± S.E.M.
(n = 10). (*) and (#) indicate significant change from control and CDDP, respectively, at p < 0.05 using ANOVA followed by Tukey–Kramer as a post ANOVA
test.

Fig. 3. Effect of CDDP, PLC, d-carnitine and their combination on total carnitine levels in serum (A) and cardiac tissues (B) in rats. Data are presented as
mean ± S.E.M. (n = 10). (*) and (#) indicate significant change from control and
CDDP, respectively, at p < 0.05 using ANOVA followed by Tukey–Kramer as a
post ANOVA test.
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Fig. 4. Effect of CDDP, PLC, d-carnitine and their combination on adenosine
triphosphate level in rat cardiac tissues. Data are presented as mean ± S.E.M.
(n = 10). (*) and (#) indicate significant change from control and CDDP, respectively, at p < 0.05 using ANOVA followed by Tukey–Kramer as a post ANOVA
test.

the control group. Treatment with PLC for 10 successive days
showed a significant 32% increase in GSH and a significant 52
and 54% decrease in TBARS and NOx , respectively. Similarly,
d-carnitine alone induced a significant 50% increase in GSH

and a significant 50 and 72% decrease in TBARS and NOx ,
respectively. Administration of either PLC or d-carnitine for 5
days before and after a single dose of CDDP, resulted in a complete reversal of CDDP-induced decrease in GSH and increase
in TBARS and NOx levels in heart tissues to the control values.
Fig. 3 shows the effects of CDDP, PLC, d-carnitine and their
combination on total carnitine levels in serum (A) and cardiac
tissues (B). Treatment with CDDP resulted in a significant 33%
decrease in total carnitine level in heart tissues, whereas dcarnitine resulted in a significant 61% decrease as compared to
the control group. Combination of d-carnitine with a single dose
of CDDP induced a significant 44, 67 and 78% decrease of total
carnitine content in cardiac tissues compared to the results of
d-carnitine, CDDP and control, respectively. Administration of
PLC for 5 days before and after a single dose of CDDP resulted
in a complete reversal of cisplatin-induced decrease in total carnitine content in cardiac tissues to the control values. Worth
mentioning is that none of these treatments showed any significant changes in total carnitine levels in serum.
The effects of CDDP on ATP level in cardiac tissues from
carnitine-depleted and supplemented rats are shown in Fig. 4.
CDDP resulted in a significant 18% decease of ATP level in
cardiac tissues relative to the values of the control group. Administration of d-carnitine for 10 successive days showed 35%
decrease, whereas PLC resulted in non-significant change, as

Fig. 5. A photomicrographs of the heart specimen stained with hematoxylin and eosin (H&E X 200). (A) Heart from control rat showing normal bundles of muscle
fibers and homogenous acidophilic cytoplasm. (B) Heart of rat treated with CDDP showing vacuolated cytoplasm of many muscle cells, blood vessels are engorged
with blood. (C) Heart of rat treated with CDDP and d-carnitine showing extensive vacuolation of the cytoplasm of cardiac muscle fibers, blood cells in-betweens the
bundles indicate massive bleeding. (D) Heart of rat treated with CDDP and PLC in which the cardiac muscle fibers appear as control with minimal sign of toxicity
in small restricted foci in the vicinity of normal muscle fibers.
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compared to the control group. In carnitine-depleted rats, CDDP
resulted in a significant 50 and 38% decrease in ATP level as
compared to the control and CDDP groups, respectively. Conversely, administration of PLC for 5 days before and after a
single dose of CDDP resulted in a complete reversal of CDDPinduced decrease in ATP level in cardiac tissues to the control
values.
Fig. 5 shows the histopathological changes in cardiac tissues
induced by CDDP in carnitine-depleted and supplemented rats.
Sections from cardiac tissues of control rats showed bundles
of normal muscle fibers and the cytoplasm appears homogenous acidophilic with central nucleus (Fig. 5A). On the other
hand, animals treated with CDDP alone showed degenerative
changes, vacuolated cytoplasm of many muscle cells and blood
vessels are engorged with blood (score 2, Fig. 5B). This tissue
injury was aggravated in cardiac sections of rats treated with
CDDP plus d-carnitine, where they showed massive degenerative changes. The muscle fibers appeared markedly vacuolated in
wide areas, beside the bleeding where the blood cells were scattered in-between bundles of cardiac muscle (score 3, Fig. 5C).
Interestingly, heart specimens from rats treated with CDDP and
PLC (Fig. 5D) revealed minimal degenerative changes in which
the cardiac muscle fibers appear as control with minimal sign of
toxicity in small restricted foci in the vicinity of normal muscle
fibers.
4. Discussion
It has been reported that increased urinary excretion of lcarnitine is an early marker in CDDP-induced nephrotoxicity
[15]. Under such condition, CDDP may induce a secondary
carnitine deficiency that might enhance CDDP-induced other
organs toxicity. Recent study in our laboratory have demonstrated the progression of CDDP-induced nephrotoxicity under
condition of carnitine deficiency [17]. However, the effects of
CDDP on the heart under condition of carnitine depletion and
the role of carnitine in CDDP-induced cardiotoxicity are not
studied yet. This study has been initiated to investigate whether
endogenous carnitine depletion and/or carnitine deficiency is a
risk factor during development of CDDP-induced cardiomyopathy and if so, whether carnitine supplementation by PLC could
offer protection against this toxicity.
Data presented here demonstrate that CDDP increased serum
cardiotoxicity enzymatic indices (LDH and CK-MB) and caused
severe histopathological lesions in cardiac tissues (Fig. 5B). This
effect could be a secondary event following CDDP-induced lipid
peroxidation of cardiac membranes with the consequent increase
in the leakage of LDH and CK-MB from cardiac myocytes.
Increased release of LDH by CDDP has been previously reported
[35]. Fascinatingly, PLC prevented the increase in LDH and CKMB induced by CDDP, suggesting that PLC may have potential protective effect against CDDP-induced cardiac damage.
This effect could be due to membrane stabilization by the lcarnitine portion of PLC with the consequent decrease in release
of cardiac enzymes. Indeed, the interaction of l-carnitine with
sarcolemmal phospholipids and mitochondrial membranes has
been previously reported [36]. On the other hand, administra-
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tion of CDDP to carnitine-depleted rats produced a progressive
increase in the activities of LDH and CK-MB as well as massive
bleeding and degenerative changes in cardiac tissues (Fig. 5C).
Data from this study revealed that CDDP significantly
increased NOx and TBARS and decreased GSH in cardiac tissues, suggesting that oxidative stress induced by CDDP may
play a role in CDDP-induced cardiac damage. It seems that the
heart is the most susceptible organ to oxidative stress since cardiac tissues has very low level of antioxidant enzymes such as
catalase and superoxide dismutase [37]. However, no previous
studies are available on the role of oxidative stress exerted by
CDDP in cardiac-induced damage. Recent studies have reported
that beside kidney, CDDP-induced oxidative stress damage to
liver and lens tissues in rats secondary to the formation of both
reactive oxygen and nitrogen species [38,39]. Moreover, Lee
et al. [40] reported that the degeneration of the auditory system of mice by CDDP was due to CDDP-induced increase in
hydroxyl radical, a marker for lipid peroxidation, and nitrotyrosine, a marker for protein peroxidation. The contribution of
NOx in CDDP-induced cytotoxicity and organs toxicity has been
previously reported [41–43]. Nitric oxide is known to inhibit
DNA repair proteins, thereby inhibiting the ability of the cell to
repair damaged DNA [42]. Previous studies have demonstrated
that increased NOx concentrations after CDDP was a secondary
event following the increase in the inducible nitric oxide synthase [43–45].
In the current study, both PLC and d-carnitine prevented the
increase in TBARS and NOx and the decrease in GSH induced by
CDDP in cardiac tissues, suggesting that both compounds have
(and/or induce) antioxidant effect. Previous studies have demonstrated that both the d- and l-forms of carnitine and its short
chain derivatives have similar non-enzymatic free radical scavenging activity [17,46,47]. Although, both PLC and d-carnitine
have similar antioxidant activity, in our study, PLC prevented the
progression of CDDP-induced cardiomyopathy and d-carnitine
aggravated this toxicity. Therefore, one can anticipate that oxidative stress plays an important role but not the only mechanism
by which CDDP-induced its cardiotoxicity.
Data presented here showed that CDDP significantly
decreased total carnitine in cardiac tissues. It seems that our
results are unique since no available data about the effect of carnitine deficiency or carnitine supplementation on cardiac tissues
of rats treated with CDDP. Since it has been reported that renal
proximal tubules are severely damaged by CDDP [48], therefore, impaired endogenous synthesis and inhibition of tubular
reabsorption of carnitine is the most likely explanation for its
decrease after CDDP administration. It was reported that treatment with CDDP is associated with a tenfold increase in renal
carnitine excretion, most likely due to inhibition of carnitine
reabsorption by the proximal tubule of the nephron [15,49].
Under our experimental conditions, d-carnitine significantly
decreased the level of carnitine in cardiac tissues whereas plasma
levels were not changed. Our results are in good agreement
with those previously reported [24,25]. Although, d-carnitine
alone decreased cardiac carnitine content more than CDDP, only
CDDP increased LDH and CK-MB. This argues against carnitine deficiency as a risk factor in CDDP-induced cardiac damage.
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A possible explanation for this is that d-carnitine, via its antilipid peroxidation, causes stabilization of cardiac membranes
and prevents the leakage of cardiac enzymes, whereas CDDP,
via increasing lipid peroxidation, causes irreversible modification of membrane structures and functions with the consequent
leakage of cardiac enzymes.
The marked decrease in total carnitine level in the heart
by CDDP in the carnitine-depleted rat model (Fig. 3B), suggests that d-carnitine and CDDP depletes l-carnitine by different mechanisms. d-carnitine-induced carnitine deficiency was
reported to be due to the inhibition of carnitine transferase
enzyme, inhibition of carnitine transport and competitive inhibition of l-carnitine uptake or exchange with extracellular dcarnitine [24–26]. On the other hand, secondary carnitine deficiency induced by the nephrotoxic effects of CDDP may be
attributed to the inhibition of carnitine reabsorbtion by the proximal tubules of the nephron. Since kidney is the major site
for endogenous carnitine biosynthesis in rats, therefore, kidney
damage induced by CDDP may lead to inhibition of carnitine synthesis and consequently leading to carnitine deficiency
[15,49]. Moreover, hyponatraemia induced by CDDP might hinder the action of sodium-dependent carnitine transporter, which
may worsen the condition. This marked decrease (78%) of carnitine level in cardiac tissue after combined treatment of CDDP
and d-carnitine was parallel to the marked increase in LDH and
CK-MB and the massive degenerative changes in cardiac tissues, which may point to the possible consideration of carnitine
deficiency as a risk factor in CDDP-induced cardiomyopathy.
Most probably, d-carnitine via its depletion of l-carnitine, and
CDDP partly through oxidative stress and partly due to carnitine
depletion produced such myocardial damage. This aggravated
cardiomyopathy could be explained on the basis of myocardial
carnitine deficiency with subsequent impairment of fatty acid
oxidation and ATP production. It is well known that l-carnitine is
an essential cofactor for mitochondrial transport and oxidation of
long chain fatty acids which are the preferred substrates for ATP
production in normal, well-oxygenated adult myocardium [50].
Depletion of the heart from carnitine either by CDDP, d-carnitine
and both would impair the beta-oxidation of long chain fatty
acids with the consequent decrease in ATP production and heart
contractile function. This was supported by the marked decrease
of ATP levels in heart tissues observed in carnitine-depleted
rats, which renders the cardiac cells vulnerable to damage by
CDDP. On the other hand, carnitine supplementation by PLC
prevented CDDP-induced decrease in ATP by replenishing the
myocardium with adequate carnitine for its energy production.
The animal model used in this study could reflect the clinical
course of CDDP in cachectic patients with malignant tumours
whom serum and urinary carnitine profile are altered and developed hypocarnitinaemia after repeated cycles of chemotherapies
including CDDP [15,51].
In this study, the protective effect achieved by PLC against
CDDP-induced cardiomyopathy is in good agreement with
recent results from clinical pilot studies which have demonstrated that acetyl-l-carnitine (ALC) seems to be an effective and
well-tolerated agent for the treatment of CDDP and paclitaxelinduced peripheral neuropathy [52,53]. Moreover, in an animal

models of CDDP and paclitaxel-induced neuropathy, recent
studies have recommended ALC as a specific protective agent for
chemotherapy-induced neuropathy without showing any interference with the antitumour activity of the drugs [54,55]. Worth
mentioning is that l-carnitine, ALC and PLC do not interfere
with the antitumour activity of anticancer drugs [55–57].
The progression of CDDP-induced cardiomyopathy
observed in this study could be secondary to its major doselimiting nephrotoxicity. This hypothesis is supported by the fact
that secondary carnitine deficiency reported in patients with
end-stage renal disease undergoing hemodialysis is associated
with severe cardiovascular and neuromuscular disorders [58].
Our results are pioneer to studies that will be performed
with carnitine and its short chain derivatives to protect from
CDDP-induced cardiomyopathy. In conclusion, data from this
study suggest for the first time that: (1) endogenous carnitine
depletion and/or deficiency is a risk factor and should be
viewed as a mechanism during development of CDDP-related
cardiomyopathy; (2) oxidative stress plays an important role in
CDDP-induced cardiomyopathy; (3) PLC prevents the progression of CDDP-induced cardiotoxicity. It would be worthwhile
studying the effects of carnitine supplementation in CDDPtreated cancer patients, in the hope of reducing CDDP-induced
nephrotoxicity, neurotoxicity, and cardiomyopathy.
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