
Abstract
Purpose To evaluate the effect of the anti-cancer

drug carboplatin on plasma concentrations and urinary

excretion of L-carnitine (LC) and its main ester, acetyl-

L-carnitine (ALC), in cancer patients.

Methods Plasma and urine concentrations of LC and

ALC from 11 patients on carboplatin therapy (1 h

intravenous infusion; AUC dose 4.8 ± 1.1 mg/ml min)

in combination with docetaxel, paclitaxel or vinorel-

bine, were determined by high-performance liquid

chromatography with fluorimetric detection.

Results Before carboplatin therapy, the mean ± SD

plasma concentrations of LC and ALC were

47.8 ± 10.9 and 7.04 ± 1.04 nmoles/ml, respectively,

and remained constant throughout the entire study

period. In contrast, urinary excretion of LC and ALC,

increased significantly during the chemotherapy from

115 ± 105 to 480 ± 348 lmoles/day (P < 0.01) and

from 41 ± 41 to 89 ± 52 lmoles/day (P < 0.05) for LC

and ALC, respectively, subsequently reverting to nor-

mal 6 days after the end of chemotherapy. Similarly,

the renal clearance of LC and ALC increased sub-

stantially during chemotherapy from 1.67 ± 1.43 to

9.05 ± 9.52 ml/min (P < 0.05) and from 4.02 ± 4.51 to

7.97 ± 5.05 ml/min (P = not significant) for LC and

ALC, respectively, reverting to normal 6 days after the

end of chemotherapy. Plasma concentrations and uri-

nary excretion of glucose, phosphate and urea nitrogen

and creatinine clearance, however, were not affected

by carboplatin therapy, indicating no impaired kidney

function.

Conclusion Treatment with carboplatin was associ-

ated with a marked urinary loss of LC and ALC, most

likely due to inhibition of carnitine reabsorption in the

kidney.

Keywords L-Carnitine � Acetyl-L-carnitine �
Carboplatin � Renal clearance � Urinary excretion

Introduction

L-Carnitine (b-hydroxy-c-trimethylaminobutyrate; LC)

is an endogenous compound that plays an important

physiological role in the transfer of long-chain fatty

acids across the inner matrix membrane of mitochon-

dria for their b-oxidation with energy production [2]. In

humans, LC homeostasis is maintained by a modest

biosynthesis within the body, absorption from dietary

sources, and efficient renal tubular reabsorption from

glomerular filtrate [25]. Since LC and its short-chain

ester, acetyl-L-carnitine (ALC) are highly polar com-

pounds, transport systems are involved to maintain

concentration gradients between extracellular and

intracellular LC (and ALC) in most tissues [25]. In the
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kidney, the transport systems ensure that the body

conserves LC, ALC and other acyl-L-carnitine deriva-

tives (hereinafter, when used as a carnitine pool, these

will be referred to ‘‘carnitines’’). Under homeostatic

conditions more than 95% of the LC filtered load is

reabsorbed by the renal tubule [8, 25].

The tubular reabsorption of LC, ALC and other

acyl-L-carnitine derivatives could be impaired by many

factors with a consequent increased loss of these

compounds in the urine. Patients with primary carni-

tine deficiency show a genetic defect of the high-

affinity carnitine transporter in many tissues. At renal

level this results in an excessive loss of carnitines in the

urine and leads to low-LC concentrations in plasma

[22]. Furthermore, subjects with metabolic diseases

(renal tubular acidosis, fatty acid oxidation and bran-

ched-chain amino-acid disorders), particular nutri-

tional states (fasting) and accelerated catabolism

(hyperthyroidism, trauma, sepsis, burns and surgery)

show an increased urinary excretion of LC and its acyl

ester derivatives [9, 14, 21]. Finally, the administration

of several drugs (valproic acid, pivalic acid-containing

prodrugs and cephalosporins) is capable of altering the

urinary profile of LC, thereby decreasing its reab-

sorption in the kidney, probably related to a trans-

porter-mediated interaction between LC and the drug

administered [10, 20].

Recently, in patients treated with the antineo-

plastic agent cisplatin, the urinary excretion of LC

(and acyl-L-carnitine derivatives) increased dramati-

cally [13]. This high renal wasting persisted over the

3 days of cisplatin treatment and was reversed only

7 days after discontinuing the treatment. In addition,

cisplatin treatment does not affect physiological

parameters such as glomerular filtration rate, or

glucose and phosphate reabsorption, indicating no

renal damage. Consequently, it was suggested that

cisplatin could increase the excretion of LC (and

acyl-L-carnitine derivatives) by inhibiting their trans-

port system [13].

Carboplatin, a second-generation platinum-contain-

ing anti-cancer drug, is currently used against lung,

ovarian, head and neck cancers [3, 30]. The compound

is extensively cleared unmodified by the kidney with a

renal clearance related to the glomerular filtration rate

[30]. Although the compound shows a lack of neph-

rotoxicity at conventional doses, the predominantly

urinary excretion of carboplatin could affect the reab-

sorption of LC and ALC, as demonstrated for its

analogue cisplatin. The present study was conducted to

evaluate the effect of carboplatin treatment on plasma

concentrations and urinary excretion of LC and ALC

in cancer patients.

Patients and methods

Study design

The study involved 11 patients (six females and five

males), aged 47–79 years, body mass index (BMI) 21.5–

32.4 kg/m2, undergoing carboplatin therapy at a general

hospital oncology centre. The protocol was approved by

the institutional board of the hospital and all the

patients gave written informed consent. The study

consisted of four-time periods, each of 24 h: a baseline

period (day –1), a treatment period (day 0), and days 1

(day +1) and 6 (day +6) after treatment. During day 0,

carboplatin was administered by intravenous infu-

sion for 1 h. Concomitant chemotherapy, consisting of

docetaxel, paclitaxel and vinorelbine was administered

immediately before the carboplatin therapy.

Sampling

During each period, patients were instructed to empty

their bladders before starting the urine collection. The

urine was collected in a plastic container with previous

addition of hydrochloric acid (1.0 M; 5 ml/l) and kept

in a refrigerator until the end of collection. Further-

more, excluding day 0, patients were asked to collect

their urine at home, taking particular care with the

collection. The urine container was then delivered to

the hospital oncology centre and urine volume was

recorded. Four aliquots (5 ml) of each sample were

stored (–20�C) for later analysis.

Blood samples for clinical and pharmacokinetic

analysis were obtained from the side contralateral to

drug administration at the following times: at the end of

baseline urine collection (day –1), after the end of

carboplatin therapy (day 0), and at the end of the sub-

sequent urine collections (days +1 and +6), respectively.

This schedule was to avoid the patients having to return

several times to the hospital centre for blood drawing.

Blood samples (5 ml) were taken by venepuncture,

placed in a heparinized Vacutainer (Beckton-Dickin-

son, Rome, Italy) and immediately centrifuged (2,000g,

10 min), to obtain plasma (2–3 ml). Four aliquots (0.5–

1.0 ml) of each sample were stored at –20�C until

analysed.

Assay method

Plasma concentrations of LC and ALC were deter-

mined by high-performance liquid chromatography

(HPLC), as described previously [16].

The concentration of LC and ALC in urine could

not be assayed by this method because of unresolved
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peaks arising from endogenous compounds. Therefore,

a validated HPLC method in urine was used (Sigma-

Tau, Pomezia, Italy, internal report). Briefly, LC and

ALC were separated on a 5 lm, 250 · 4.6 mm Zorbax

SCX column (Agilent, Rome, Italy) and quantified

by means of fluorimetric detection [16]. The mobile

phase consisted of tris-(hydroxymethyl)aminomethane

buffer (450 mmoles/l), pH 5, containing methanol

(75%) and acetonitrile (15%). The flow rate was set at

0.8–1 ml/min, and the eluents were monitored with an

excitation wavelength of 248 and an emission wave-

length of 418 nm. To measure LC and ALC, 0.1 ml of

urine was diluted with 0.35 ml of phosphate buffer

(0.01 mol/l; pH 7.0), 0.05 ml of an aqueous solution of

internal standard and processed as for the plasma

[16]. Together with the unknown samples, urine cali-

bration curves for LC (10–80 nmoles/ml) and ALC

(2–16 nmoles/ml) were also measured. For the prepa-

ration of the calibration curves, bidistilled water was

used as a matrix. The unknown concentrations of LC

and ALC were calculated from the ratios of the peak

areas of the analytes and internal standard by means of

the corresponding calibration curves. The mean

extraction recovery rates were 94 and 89% for LC

and ALC, respectively. The accuracy and precision

exceeded 80% with a coefficient of variation of less than

12%. Typical chromatograms of standards and urine

extracts are shown in Fig. 1.

Plasma and urine concentrations of creatinine, glu-

cose, phosphate and urea nitrogen were determined on

a Cary 50 spectophotometer (Varian, Leinı̀, Turin,

Italy) using commercial kits (Randox Laboratories,

Crumlin, UK; Dade Behring, Milan, Italy) according to

the manufacturers’ instructions.

Calculations and statistics

The renal clearance of L-carnitine (CLLC) or acetyl-L-

carnitine (CLALC) was estimated as the rate of excre-

tion in urine divided by plasma concentration:

CL ¼ ½ðUrineÞ� �UFR�=ðPlasmaÞ;

where (Urine) and (Plasma) represent the concentra-

tions of analyte in urine and plasma, respectively, and

UFR is the urine flow rate (ml/min).

Creatinine clearance (CLCREAT) was calculated

using the following equation [5]:

CLCREAT ¼ð140�AgeÞ�Weight

�ð1� 0:15�SexÞ=72�ðPlasmaÞ�0:0113;

where weight is expressed in kilogram, and Sex is 1 if

female or 0 if male; (Plasma) is the plasma creatinine

concentration expressed in mg/dl.

Statistical comparisons were performed using anal-

ysis of variance (ANOVA) followed by post hoc

analysis contrasts if significance was detected. P < 0.05

was considered significant. All data are presented as

mean ± standard deviation (SD).
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Results

Patient characteristics

Table 1 lists the characteristics of the 11 patients (five

males and six females) recruited in this study. Patients

were aged 47–79 with a fairly well-matched BMI

(26.1 ± 3.9 kg/m2), except for patients 3 and 10 (BMI:

32.4 and 32.5 kg/m2, respectively). All patients re-

ceived a carboplatin dose expressed as AUC (mg/

ml min) from 4 to 6 with a mean (±SD) of 4.8 ± 1.1.

The chemotherapy ranged from 1 to 7 cycles, respec-

tively. Concomitant chemotherapy including the drugs

paclitaxel, docetaxel and vinorelbine was administered

to ten patients and was considered a common regimen

for these patients’ malignancies (Table 1).

Effect of carboplatin treatment on plasma

concentration and urinary excretion of glucose,

phosphate and nitrogen

Plasma concentrations of glucose, phosphate and urea

nitrogen were found to lie within the normal ranges for

healthy subjects (normal values as reported by diag-

nostic kits: glucose = 4.5–5.6 lmoles/ml; phos-

phate = 0.8–1.5 lmoles/ml; urea nitrogen = 3.75–

17.8 lmoles/ml) and were not significantly affected by

treatment with carboplatin (Fig. 1).

Urine excretion of glucose and phosphate, as well as

urea nitrogen, resulted within the normal range of

health subjects (normal values as reported by diag-

nostic kits: glucose = 4.5–5.6 mmoles/day; phosphate =

12–40 mmoles/ml; urea nitrogen = 250–715 mmoles/ml).

None of the substrates were significantly affected by

treatment with carboplatin (Fig. 1).

Effect of carboplatin treatment on plasma

concentrations and urinary excretion of L-carnitine

and acetyl-L-carnitine

Plasma concentrations of LC and ALC are shown in

Fig. 2. Prior to carboplatin treatment (day –1) the

plasma concentrations of LC and ALC were

47.8 ± 10.9 and 7.04 ± 1.04 nmoles/ml, respectively

(Fig. 2). At days 0, +1 and +6, both the LC and ALC

plasma concentrations remained almost constant

compared with their pre-treatment values (Fig. 2).

Urinary excretion of LC and ALC is shown in Fig. 3.

During administration of carboplatin (day 0) the urinary

excretion of LC increased to 480 ± 348 lmoles/day and

returned to the day –1 values (115 ± 105 lmoles/day)

6 days after discontinuing treatment (127 ± 152 lmoles/

day). The amount of LC excreted on day 0 was signifi-

cantly different (P < 0.01) from that recorded prior to

carboplatin treatment. Furthermore, the increased

excretion of LC remained high (322 ± 257 lmoles/day)

after 1 day of treatment (day +1), though the difference

was not statistically significant compared to pre-treat-

ment values (Fig. 4).

Urinary excretion of ALC showed a similar trend

to that of LC (Fig. 4). At day 0 the urinary excretion

of ALC increased significantly (P < 0.05) to 89 ±

53 lmoles/day compared to pre-treatment values

(41 ± 40 lmoles/day). Thereafter, the amount of ALC

excreted remained fairly high until day +1 (72 ±

46 lmoles/day), though again the difference was not

statistically significant compared to the day –1 values. At

day +6, the urinary excretion of ALC decreased dra-

matically to values, which were half (19 ± 11 lmoles/

day) those recorded prior to carboplatin treatment

(Fig. 4).

Table 1 Patient characteristics

Patient
number

Age
(year)

Gender Weight
(kg)

BMI
(kg/m2)

Primary
tumour
site

Carboplatin AUC
dose (mg/ml min)

Chemo-therapy
cycle

Concomitant
chemo-therapy

1 47 Female 55 21.5 Ovary 6.01 3 Docetaxel
2 79 Male 61 25.1 Bladder 2.03 1 –
3 60 Female 83 32.4 Breast 3.97 5 Vinorelbine
4 62 Male 66 26.4 Lung (nsclc) 4.89 7 Vinorelbine
5 76 Female 55 25.1 Ovary 4.52 1 Paclitaxel
6 69 Female 54 20.3 Ovary 5.00 6 Paclitaxel
7 49 Female 69 22.8 Ovary 5.61 5 Paclitaxel
8 59 Female 69 29.1 Ovary 5.03 6 Paclitaxel
9 72 Male 73 26.5 Lung (nsclc) 5.32 3 Vinorelbine
10 72 Male 73 25.2 Lung (nsclc) 6.06 2 Vinorelbine
11 79 Male 75 32.5 Lung (nsclc) 4.64 1 Vinorelbine

BMI Body mass index, AUC Area under the curve, nsclc Non-small cell lung cancer

22 Cancer Chemother Pharmacol (2007) 60:19–26
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Effect of carboplatin treatment on the renal

clearance of L-carnitine, acetyl-L-carnitine

and creatinine

Renal handling of LC and ALC is shown in Table 2. At

day –1, the CLLC and CLALC values were 1.67 ± 1.43

and 4.02 ± 4.51 ml/min, respectively. Although the

CLALC exceeded that of LC, the renal clearance values

proved substantially lower for both compounds than

the CLCREAT values (72.89 ± 25.96 ml/min). During

carboplatin treatment, CLLC increased more than five

times (9.05 ± 9.52 ml/min; P < 0.05 versus day –1) with

a slow decrease at day +1 (3.99 ± 3.16 ml/min) and a

return to the initial values at day +6 (1.35 ± 0.96 ml/

min; Table 2).

As in the case of CLLC, a similar trend towards a

time-dependent increase in CLALC was evident during

(day 0) and 1 day after carboplatin treatment (day +1)

with a return to pre-treatment values 6 days after

treatment (Table 2). However, the 49.6 and 39.4% in-

creases in CLALC at days 0 and +1, respectively, failed

to prove statistically significant (Table 2). In contrast

to LC, CLCREAT was not significantly affected by

treatment with carboplatin and the values were almost

constant throughout the entire period of the experi-

ment. Considerable intraindividual variation was

found, however, for all three clearances (LC, ALC and

creatinine) (Table 2).

Discussion

It has been widely reported that the kidney is inti-

mately involved in the homeostatic regulation of the

carnitine pool [25]. Endogenous circulating LC, which

is freely filtered at the glomerulus and extensively
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reabsorbed at the proximal tubules, is eliminated from

the body via renal excretion in the form of LC, ALC

and other acylcarnitine esters [17, 19].

However, when genetic and/or metabolic diseases,

particular conditions such as fasting, burns, or admin-

istration of drugs inhibiting its renal transport impair

the tubular reabsorption of LC, a remarkable urinary

loss of LC, ALC and acylcarnitines occurs [4, 9, 10, 20,

21, 23, 29]. In the present study, conducted in 11 cancer

patients on carboplatin treatment, we observed an in-

creased urinary excretion of endogenous LC and ALC,

but no abnormal plasma concentrations (Figs. 3, 4).

In all the patients investigated, the mean plasma

concentrations of LC and ALC before, during and after

carboplatin treatment remained almost constant with

values within the normal range for healthy subjects in

whom 35–50 and 5–15 nmoles/ml for LC and ALC,

respectively, have been reported [16]. This finding is

in agreement with previous reports describing plasma

concentrations of the above substrates in cancer

patients [26, 33, 34]. However, alterations (decrease/

increase) in the mean plasma LC concentrations of pa-

tients suffering from cancer have been observed in other

studies [7, 31]. The likely explanation could be due to

the heterogeneity of cancer patients in these studies

(e.g. age, sex, tumour type and stage, chemotherapy and

nutritional state). Patients reporting moderate to severe

fatigue, or exhibiting a cachectic state present lower

than normal LC plasma concentrations [6, 11, 31].

As regards the daily urinary excretion of LC and

ALC before carboplatin treatment, our cancer patients

had values (Fig. 4) similar to those encountered in

healthy subjects [7, 18].

Furthermore, no impaired kidney function, as shown

by normal values of CLCREAT or plasma and urinary

excretion of glucose, urea nitrogen and phosphate was

found in these patients (Table 2; Fig. 2). Thus, the good

kidney function in these patients, together with the

constant plasma concentrations of circulating LC and

ALC, resulted in renal clearances of 4.02 ± 4.51 and

1.67 ± 1.43 ml/min for LC and ALC, respectively.

These values are similar to those encountered in

healthy subjects [19], suggesting no alteration of renal

handling of LC and ALC in cancer patients. In addi-

tion, for both LC and ALC, whose binding to plasma

proteins is negligible, the renal clearance was sub-

stantially less than the glomerular filtration rate, ex-

pressed as CLCREAT, indicating extensive renal

reabsorption in these patients (Table 2). Although the

report by Dodson et al. [7] shows an elevated urinary

excretion of LC and ALC in cancer patients compared

with healthy controls, the renal handling of these

substrates was compatible with their remarkable

reabsorption in the patients investigated, as observed

in our study (Table 2).

It has been reported that a number of antineoplastic

agents such as ifosfamide and carboplatin increase the

urinary excretion of LC, ALC and other acylcarnitines

[13, 18]. However, whereas, in the case of ifosfamide,

cancer patients lose ~10% of their body carnitine store

during one chemotherapy cycle, a more limited loss (5–

7%) occurs during a cisplatin therapy cycle [13]. Our

present results show that the wasting of LC and ALC

from the body amounted to only 2% during one car-

boplatin therapy cycle.

In the present experiments, in which the patients

received a carboplatin AUC dose within the range of

2.0–6.0 mg/ml min, generally considered non-nephro-

toxic, changes in renal handling of LC and ALC were

observed (Fig. 4; Table 2). During the treatment, the

renal clearances of both LC and ALC increased by

factors of 5.4 and 1.98, respectively, and remained so

1 day after the end of the treatment (Table 2). Inter-

estingly, the ratio of CLLC (or CLALC) to glomerular

filtration rate was less than unity, indicating that LC (or

ALC) continues to be eliminated in urine by a tubular

reabsorption mechanism also during carboplatin treat-

ment. Thus, carboplatin, which is extensively cleared

unmodified by the kidney, could compete at the level of

tubular reabsorption of LC and ALC, through inter-

action with LC (or ALC) specific transporters, leading

to less reabsorption of these substrates, as reflected by

their increased elimination in urine (Fig. 3).

In light of present results, it is possible that the in-

creased urinary loss LC and ALC can result in signif-

icant reduction of these compounds in the body,

Table 2 Renal clearance of L-carnitine, acetyl-L-carnitine and creatinine in patients treated with carboplatin

L-carnitine Acetyl-L-carnitine Creatinine

Day –1 1.67 ± 1.43 4.02 ± 4.51 73 ± 26
Day 0 9.05 ± 9.52* 7.97 ± 5.05 74 ± 28
Day +1 3.99 ± 3.16 6.65 ± 4.38 65 ± 20
Day +6 1.35 ± 0.96 1.78 ± 1.06 69 ± 27

Values are mean ± SD of 11 patients. Units are ml/min

*Significantly different at P < 0.05 from day –1 group using ANOVA

24 Cancer Chemother Pharmacol (2007) 60:19–26
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particularly after numerous carboplatin chemotherapy

cycles. Considering the central role of LC in energy

metabolism of mammalian cells [2], a possible carnitine

deficiency could contribute to the development of

chemotherapy-induced fatigue [6, 11, 31].

A large number of studies have reported that a family

of organic transporters designated organic/carnitine

transporters (Octn) are responsible for LC transport in

cell membranes [15]. The most important carnitine

transporter is Octn2, which is capable of transporting

LC as well as ALC and other acylcarnitines. In general,

Octn2 is most expressed in the kidney, where it is mainly

involved in carnitine reabsorption [28]. Although LC

reabsorption via Octn2 may be inhibited by LC

analogues, other drugs structurally unrelated to LC are

recognized by Octn2 and enabled to impair the reab-

sorption of LC [24, 28, 32]. Thus, we suggest that

carboplatin may be a good inhibitor of Octn2-mediated

carnitine transport, though other mechanisms cannot be

excluded. Thus, further investigations, at cellular and

molecular level will be necessary to characterize the

site(s) and mechanism(s) of inhibition of LC (and ALC)

renal reabsorption.

Finally, it could be argued that the increased urinary

loss of LC and ALC during carboplatin treatment may

be caused by the concomitant administration of anti-

cancer drugs in these patients (Table 1). Considering

the pharmacokinetic behaviour of taxanes (docetaxel,

paclitaxel) and vinorelbine, these drugs appear to un-

dergo predominantly hepatic elimination (more than

90% excretion in the faeces as parent drug and

metabolites), while the kidney plays only a negligible

role in their disposition [1, 12, 27].

Therefore, the above-mentioned hypothesis could

be easily refuted.

In conclusion, the results of this study show that

treatment with carboplatin was associated with a

marked urinary loss of LC and ALC, which was due

not to any nephrotoxic action of the compound but

most probably to inhibition of carnitine reabsorption in

the kidney.
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