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Propionyl-l-carnitine prevents the progression of cisplatin-induced
cardiomyopathy in a carnitine-depleted rat model
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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), andd-carnitine (500 mg kg−1) respectively, for 10 successive days.
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he 4th, 5th, and 6th groups were injected intraperitoneally with the same doses of normal saline, PLC andd-carnitine, respectively, for 5 success
ays 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 hear

solated and analyzed. CDDP resulted in a significant increase in serum creatine phosphokinase isoenzyme (CK-MB) and lactate de
LDH), thiobarbituric acid reactive substances (TBARS) and total nitrate/nitrite (NO(x)) and a significant decrease in reduced glutathione (G
otal carnitine, and adenosine triphosphate (ATP) content in cardiac tissues. In the carnitine-depleted rat model, CDDP induced dram
n serum cardiomyopathy enzymatic indices, CK-MB and LDH, as well as progressive reduction in total carnitine and ATP content
issue. Interestingly, PLC supplementation resulted in a complete reversal of the increase in cardiac enzymes, TBARS and NOx, and the decrea
n total carnitine, GSH and ATP, induced by CDDP, to the control values. Moreover, histopathological examination of cardiac tissues con
iochemical data, where PLC prevents CDDP-induced cardiac degenerative changes whiled-carnitine aggravated CDDP-induced cardiac tis
amage. In conclusion, data from this study suggest for the first time that carnitine deficiency and oxidative stress are risk factors
e viewed as mechanisms during development of CDDP-related cardiomyopathy and that carnitine supplementation, using PLC, p
rogression of CDDP-induced cardiotoxicity.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Cisplatin, cis-diamminedichloroplatinum II (CDDP), is an
norganic platinum compound with a broad-spectrum antineo-
lastic activity against various types of animal and human

umours[1]. Unfortunately, the optimal usefulness of CDDP as
n important anticancer drug is usually limited secondary to its
ose related nephrotoxicity[2,3]. It is well known that CDDP-

nduced nephrotoxicity is the most important dose-limiting fac-
or in cancer chemotherapy[2,3].

∗ Corresponding author. Tel.: +966 506065734; fax: +966 1 467 7200.
E-mail address: mmsayedahmed@hotmail.com (M.M. Sayed-Ahmed).

Earlier studies have reported that CDDP therapy is us
associated with cardiotoxicity[4,5]. Cardiac events, reported
many case reports, may include electrocardiographic cha
arrythmias, myocarditis, cardiomyopathy and congestive
failure [6–8]. CDDP-induced cardiotoxicity was reported to
due to its disposition in the sinoatrial-node area, which may
to bradycardia[9]. Combinations of CDDP with other antican
drugs as methotrexate, 5-fluorouracil, bleomycin and dox
bicin are associated with lethal cardiomyopathy[10–13].

CDDP is a well-known renal tubular toxin, leading
increased excretion of a number of vital endogenous subst
includingl-carnitine[14,15]. Under normal physiological co
ditions,l-carnitine is highly conserved since 90% of the filte
l-carnitine is reabsorbed at the proximal tubular level[16]. It
has been reported that CDDP inhibited carnitine reabsor
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with the consequent increase in urinary excretion of carnitine
that represents an early marker of CDDP-induced nephrotoxic-
ity [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 deriva-
tive of l-carnitine, Propionyl-l-carnitine (PLC), which proved
efficacy in treatment of many forms of cardiomyopathies and
have several therapeutic advantages overl-carnitine or acetyl-
l-carnitine. First, PLC has a higher transport rate into cardiac
myocytes thanl-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 pro-
viding 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 rad-
ical scavenger[22]. Finally, due to the particular structure of
the molecule with a long lateral tail, PLC has a specific phar-
macological action independently of its effect on metabolism
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store, KSU, KSA. PLC andd-carnitine (products of Sigma-Tau
Pharmaceuticals, Pomezia, Italy) were kindly supplied by Dr.
Menotti Calvani, Sigma-Tau, Pomezia, Italy. All other chemi-
cals 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 ofd-carnitine,
the inactive isomer, at dose level of 500 mg kg−1 for 10 suc-
cessive days according to Sayed-Ahmed et al.[17]. Depletion
of l-carnitine byd-carnitine occurs via an exchange of thed-
andl-isomers across the cell membrane where the intracellu-
lar 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 uponl-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.), andd-carnitine
( The
4 oses
o c-
c
a t. On
d tized
w cture.
S enase
( total
c after
e ood
a with
a e or
6 sure-
m WR
S ach
g they
w
a ght
m ters:
( mor-
r wing
s ative
c evere
d

2

ed
a
a

esulting in peripheral dilatation and positive inotrop
23].

Up to date, in the literature, we could not find any st
nvestigating the effects of CDDP on the myocardium un
ondition of endogenous carnitine depletion and the rolel-
arnitine supplementation in CDDP-induced cardiomyopa
herefore, this study has been initiated to investigate wh
ndogenous carnitine depletion and/or carnitine deficienc
isk factor and should be viewed as a mechanism during d
pment of CDDP-induced cardiomyopathy and if so, whe
arnitine supplementation by PLC could offer protection aga
his toxicity.

. Materials and methods

.1. Animals

Adult male Wistar albino rats, weighing 230–250 g, w
btained from the Animal Care Center, College of Pharm
ing Saud University, Riyadh, Saudi Arabia and were hou

n metabolic cages under controlled environmental condi
25◦C and a 12 h light/dark cycle). Animals had free acces
ulverized standard rat pellet food and tap water unless o
ise indicated. The protocol of this study has been approve
esearch Ethics Committee of College of Pharmacy, King
niversity (KSU), Riyadh, Kingdom Saudi Arabia (KSA).

.2. Materials

Cisplatin (cisplatyl 50 mg, Laboratoire Roger Bellon, Fran
as purchased from King Khalid University Hospital d
r
a
l-

t

,

-
y

500 mg kg−1, i.p.) respectively, for 10 successive days.
th, 5th, and 6th groups were injected with the same d
f normal saline, PLC andd-carnitine, respectively for 5 su
essive days before a single dose of CDDP (7 mg kg−1, i.p.)
nd continued for 5 successive days after CDDP treatmen
ay 6 after CDDP administration, animals were anesthe
ith ether, and blood samples were obtained by heart pun
erum was separated for measurement of lactate dehydrog

LDH), creatine phosphokinase iso-enzyme (CK-MB) and
arnitine. Animals were then sacrificed by decapitation
xposure to ether in a dessicator kept in a well-functioning h
nd heart was quickly excised, washed with saline, blotted
piece of filter paper and homogenized, in normal salin

% perchloric acid as indicated in the procedures of mea
ent of each parameter, using a Branson sonifier (250, V
cientific, Danbury, Conn., USA). Heart specimens from e
roup were removed to be examined histopathologically,
ere fixed in 10% neutral buffered formalin, sectioned at 3�m
nd stained with Hematoxylin and Eosin (H&E) stain for li
icroscopic examination to evaluate the following parame

1) muscle fiber damage; (2) cytoplasmic damage; (3) he
hage. The marking system used was according to the follo
cale: (A) no degenerative change: 0+; (B) mild degener
hange: 1+; (C) moderate degenerative change: 2+; (D) s
egenerative change: 3+.

.5. Assessment of cardiac enzymes

Serum activities of LDH and CK-MB were determin
ccording to the methods of Buhl and Jackson[27] and Wu
nd 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 super-
natant 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 tis-
sue.

2.7. Determination of total nitrate/nitrite (NO(x))
concentrations in cardiac tissues

Total nitrate/nitrite (NO(x)) was measured as stable end prod-
uct, 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 diazo-
tization of sulfanilic acid with nitrite at acidic pH and subsequent
coupling with N-(10 naphthyl)-ethylenediamine produced an
intensely colored product that is measured spectrophotometri-
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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 compari-
son test. Ap-value of 0.05 or less was taken as a criterion for a
statistically significant difference.

3. Results

Fig. 1shows the effects of CDDP on serum cardiac enzymes,
LDH (A) and CK-MB (B), in PLC-supplemented and carnitine-

Fig. 1. Effect of CDDP, PLC,d-carnitine and their combination on serum car-
diomyopathy 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, atp < 0.05 using ANOVA followed by
Tukey–Kramer as a post ANOVA test.
ally at 540 nm. The levels of NOx were expressed as�mol g−1

et tissue.

.8. Determination of total carnitine levels in serum and
ardiac tissues

Heart homogenate was prepared in ice-cold 6% perch
cid and centrifuged at 8000× g for 10 min. The supernatant w
sed for the estimation of free carnitine, whereas the rema
ellet was used for determination of long chain acyl ca

ine after hydrolysis in 1 M KOH at 65◦C for 1 h according t
lhomida[32]. Carnitine was determined in serum and the
btained tissue samples using HPLC after precolumn deriv

ion with l-aminoanthracene as previously described by Lo
t al. [33]. The mobile phase was prepared by mixing 70
f 0.1 M ammonium acetate pH 3.5 with 300 ml of acetonit
hromatographic separation was performed at a flow ra
.3 ml min−1, using a Kromasil C18, 250× 4.6 mm i.d. 5�m
olumn (Saulentechnik Knayer, Berlin, Germany). The ex
ion and emission wavelengths of the spectrofluorimeter
48 and 418 nm, respectively.

.9. Determination of adenosine triphosphate in cardiac
issues

Adenosine triphosphate was determined in heart tissues
PLC according to Botker et al.[34]. In brief, heart tissu
as homogenized in ice-cold 6% perchloric acid, centrifu
t 1000 rpm for 15 min at 0.5◦C, and the supernatant fluid w

njected into HPLC after neutralization to pH 6–7. Chrom
raphic separation was performed at a flow rate of 1.2 ml m−1,
g

-

f
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Fig. 2. Effect of CDDP, PLC,d-carnitine and their combination on the levels of
thiobarbituric acid reactive substances (A), reduced glutathione (B), and tota
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, respec-
tively, atp < 0.05 using ANOVA followed by Tukey–Kramer as a post ANOVA
test.

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 con-
trol group. Administration of either PLC ord-carnitine alone for
10 successive days showed non-significant change. Combined
treatment with CDDP andd-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. 2shows 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

F
t
m
C
p

l
ig. 3. Effect of CDDP, PLC,d-carnitine and their combination on total carni-

ine levels in serum (A) and cardiac tissues (B) in rats. Data are presented as
ean± S.E.M. (n = 10). (*) and (#) indicate significant change from control and
DDP, respectively, atp < 0.05 using ANOVA followed by Tukey–Kramer as a
ost 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, respec-
tively, atp < 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 ord-carnitine for 5
days before and after a single dose of CDDP, resulted in a com-
plete reversal of CDDP-induced decrease in GSH and increase
in TBARS and NOx levels in heart tissues to the control values.

Fig. 3shows 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, whereasd-
carnitine resulted in a significant 61% decrease as compared to
the control group. Combination ofd-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 car-
nitine content in cardiac tissues to the control values. Worth
mentioning is that none of these treatments showed any signifi-
cant 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 inFig. 4.
CDDP resulted in a significant 18% decease of ATP level in
cardiac tissues relative to the values of the control group. Admin-
istration of d-carnitine for 10 successive days showed 35%
decrease, whereas PLC resulted in non-significant change, as
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ig. 5. A photomicrographs of the heart specimen stained with hematoxylin an
bers and homogenous acidophilic cytoplasm. (B) Heart of rat treated with CD
ith blood. (C) Heart of rat treated with CDDP andd-carnitine showing extensive
undles indicate massive bleeding. (D) Heart of rat treated with CDDP and PL

n small restricted foci in the vicinity of normal muscle fibers.
d eosin (H&E X 200). (A) Heart from control rat showing normal bundles of muscle
DP showing vacuolated cytoplasm of many muscle cells, blood vessels are engorged

vacuolation of the cytoplasm of cardiac muscle fibers, blood cells in-betweens the
C in which the cardiac muscle fibers appear as control with minimal sign of toxicity
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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. Con-
versely, administration of PLC for 5 days before and after a
single dose of CDDP resulted in a complete reversal of CDDP-
induced decrease in ATP level in cardiac tissues to the control
values.

Fig. 5shows 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 homoge-
nous 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 plusd-carnitine, where they showed massive degenera-
tive changes. The muscle fibers appeared markedly vacuolated in
wide areas, beside the bleeding where the blood cells were scat-
tered 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.
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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 tis-
sues, 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 car-
diac 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 sys-
tem of mice by CDDP was due to CDDP-induced increase in
hydroxyl radical, a marker for lipid peroxidation, and nitroty-
rosine, 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 syn-
thase[43–45].
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. Discussion

It has been reported that increased urinary excretionl-
arnitine is an early marker in CDDP-induced nephrotox
15]. Under such condition, CDDP may induce a secon
arnitine deficiency that might enhance CDDP-induced o
rgans toxicity. Recent study in our laboratory have dem
trated the progression of CDDP-induced nephrotoxicity u
ondition of carnitine deficiency[17]. However, the effects o
DDP on the heart under condition of carnitine depletion

he role of carnitine in CDDP-induced cardiotoxicity are
tudied yet. This study has been initiated to investigate wh
ndogenous carnitine depletion and/or carnitine deficienc
isk factor during development of CDDP-induced cardiomyo
hy and if so, whether carnitine supplementation by PLC c
ffer protection against this toxicity.

Data presented here demonstrate that CDDP increased
ardiotoxicity enzymatic indices (LDH and CK-MB) and cau
evere histopathological lesions in cardiac tissues (Fig. 5B). This
ffect could be a secondary event following CDDP-induced
eroxidation of cardiac membranes with the consequent inc

n the leakage of LDH and CK-MB from cardiac myocyt
ncreased release of LDH by CDDP has been previously rep
35]. Fascinatingly, PLC prevented the increase in LDH and
B induced by CDDP, suggesting that PLC may have po

ial protective effect against CDDP-induced cardiac dam
his effect could be due to membrane stabilization by thl-
arnitine portion of PLC with the consequent decrease in re
f cardiac enzymes. Indeed, the interaction ofl-carnitine with
arcolemmal phospholipids and mitochondrial membrane
een previously reported[36]. On the other hand, administr
r
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In the current study, both PLC andd-carnitine prevented th
ncrease in TBARS and NOx and the decrease in GSH induced
DDP in cardiac tissues, suggesting that both compounds

and/or induce) antioxidant effect. Previous studies have de
trated that both thed- andl-forms of carnitine and its sho
hain derivatives have similar non-enzymatic free radical s
nging activity[17,46,47]. Although, both PLC andd-carnitine
ave similar antioxidant activity, in our study, PLC prevented
rogression of CDDP-induced cardiomyopathy andd-carnitine
ggravated this toxicity. Therefore, one can anticipate that o

ive stress plays an important role but not the only mecha
y which CDDP-induced its cardiotoxicity.

Data presented here showed that CDDP significa
ecreased total carnitine in cardiac tissues. It seems tha
esults are unique since no available data about the effect o
itine deficiency or carnitine supplementation on cardiac tis
f rats treated with CDDP. Since it has been reported that
roximal tubules are severely damaged by CDDP[48], there-

ore, impaired endogenous synthesis and inhibition of tub
eabsorption of carnitine is the most likely explanation fo
ecrease after CDDP administration. It was reported that
ent with CDDP is associated with a tenfold increase in r

arnitine excretion, most likely due to inhibition of carnit
eabsorption by the proximal tubule of the nephron[15,49].

Under our experimental conditions,d-carnitine significantly
ecreased the level of carnitine in cardiac tissues whereas p

evels were not changed. Our results are in good agree
ith those previously reported[24,25]. Although, d-carnitine
lone decreased cardiac carnitine content more than CDDP
DDP increased LDH and CK-MB. This argues against ca

ine deficiency as a risk factor in CDDP-induced cardiac dam
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A possible explanation for this is thatd-carnitine, via its anti-
lipid peroxidation, causes stabilization of cardiac membranes
and prevents the leakage of cardiac enzymes, whereas CDDP,
via increasing lipid peroxidation, causes irreversible modifica-
tion 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), sug-
gests thatd-carnitine and CDDP depletesl-carnitine by differ-
ent mechanisms.d-carnitine-induced carnitine deficiency was
reported to be due to the inhibition of carnitine transferase
enzyme, inhibition of carnitine transport and competitive inhi-
bition of l-carnitine uptake or exchange with extracellulard-
carnitine[24–26]. On the other hand, secondary carnitine defi-
ciency induced by the nephrotoxic effects of CDDP may be
attributed to the inhibition of carnitine reabsorbtion by the prox-
imal 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 carni-
tine synthesis and consequently leading to carnitine deficiency
[15,49]. Moreover, hyponatraemia induced by CDDP might hin-
der the action of sodium-dependent carnitine transporter, which
may worsen the condition. This marked decrease (78%) of car-
nitine level in cardiac tissue after combined treatment of CDDP
andd-carnitine was parallel to the marked increase in LDH and
CK-MB and the massive degenerative changes in cardiac tis-
s itine
d thy.
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models of CDDP and paclitaxel-induced neuropathy, recent
studies have recommended ALC as a specific protective agent for
chemotherapy-induced neuropathy without showing any inter-
ference with the antitumour activity of the drugs[54,55]. Worth
mentioning is thatl-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 dose-
limiting 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 progres-
sion of CDDP-induced cardiotoxicity. It would be worthwhile
studying the effects of carnitine supplementation in CDDP-
treated cancer patients, in the hope of reducing CDDP-induced
nephrotoxicity, neurotoxicity, and cardiomyopathy.
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