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Abstract. Cancer cachexia (CC), a progressive loss of 
body mass, is associated with decreased energy produc-
tion. Abnormally low levels of L-carnitine (LC) in skeletal 
muscle means that mitochondrial β-oxidation of long-chain 
fatty acids (LCFA) does not occur efficiently in patients with 
CC. We assessed the influence of CC on LC distribution and 
the effects of parenteral lipid emulsions on plasma LC levels 
and urinary excretion. Fifty patients with CC were randomly 
assigned to total parenteral nutrition (TPN) with long-chain 
triglycerides (LCTs), or LCTs plus medium-chain triglycer-
ides (MCTs) as 50/50. Patients were further separated into 
those with body-mass index (BMI) ≤19  kg/m2 and BMI 
>19 kg/m2. Plasma concentrations of total LC (TC) and free 
LC (FC) and their urinary excretion were measured, along 
with skeletal muscle LC levels. On average, plasma FC and 
TC were higher than reference values in all patients. Patients 
with BMI ≤19  kg/m2 had lower plasma FC and TC than 
those with BMI >19 kg/m2. Skeletal muscle FC in the BMI 
≤19 kg/m2 group was lower than reference value, but within 
the normal range in others. LC and FC urinary excretion 

was higher than reference values. Plasma LC and its urinary 
excretion were higher in patients administered pure LCTs 
relative to those given MCTs/LCTs. A decrease in skeletal 
muscle LC in cancer patients with CC (BMI ≤19  kg/m2) 
correlates with an increase in its plasma levels and increased 
renal excretion. A diet of MCTs/LCTs reduces LC release 
from muscle to plasma and urine more effectively than LCTs.

Introduction

Long-chain fatty acids (LCFA) are a predominant source of 
energy in the human diet. They make up more than 50% of 
caloric intake in patients fed enterally via the gastrointestinal 
(GI) tract or parenterally and their metabolism takes place in 
mitochondria. The internal mitochondrial membrane is imper-
meable to LCFA. Transport of LCFA into the mitochondrial 
matrix requires L-carnitine (LC), which transports fatty acids 
via the carnitine shuttle.

The availability of LC determines the efficacy of LCFA 
β-oxidation. β-oxidation is the process by which fatty acids 
in the form of Acyl-CoA molecules are broken down in mito-
chondria to generate Acetyl-CoA, the entry molecule for the 
citric acid cycle.

A decrease in LC levels slows down LCFA oxidation 
without influencing medium-chain fatty acid (MCFA) oxida-
tion. The largest concentrations of LC are found in skeletal and 
cardiac muscles, which have a high rate of metabolism of fatty 
acids. Free LC concentration determines the ratio of CoA to its 
esters with acyl-CoA.

In clinical practice, LC deficiency leads to skeletal muscle 
dysfunction and cardiac insufficiency. Along with symptoms 
such as fatigue, muscle impairment, muscle strain and pain, 
and cardiomyopathy, states of hypoglycemia, hypoketonemia 
and hyperammonemia may also be experienced. These 
disorders disrupt CNS metabolism and may develop further 
into encephalopathy. It is assumed that a decrease in total LC 
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concentration <20 µmol/l or a relative increase in the ratio of 
AC/FC >0.4 is evidence of LC deficiency (1,2).

Neoplastic disease is associated with the secretion of 
numerous factors that disrupt cellular energy metabolism and 
lead to intensification of anaerobic glycolysis and β-oxidation 
deceleration (3,4). These disorders lead to adverse energetic 
balance and cancer cachexia (CC) is the clinical manifestation 
(5). CC is associated with muscle mass loss with or without 
fatty mass loss (6). Muscle mass loss in CC is caused by muscle 
tissue degradation and fatty mass loss is caused by intensifica-
tion of lipolysis (7).

Among the recognized mechanisms leading to a decrease 
in LC concentration in CC are: reduced intake of LC, its 
substrates and cofactors (lysine, methionine, vitamin C, 
vitamin B6, niacin, Fe+2) in the diet and resulting insufficiency 
of organs taking part in LC synthesis such as the liver, kidneys 
and brain. Patients with cancer have decreased activity of mito-
chondrial carnitine O-palmitoyltransferase 1 and 2 (CPT-1 
and CPT-2), enzymes that belong to the ‘carnitine system’ and 
are responsible for β-oxidation of LCFA (8,9). Moreover, the 
consequences and complications of cancer treatment such as 
chemotherapy, radiotherapy and surgical procedures can also 
contribute to a decrease in LC (10-13). This study was designed 
to assess the influence of CC on LC distribution and metabolic 
pathways. Furthermore, we evaluated the differences between 
the effects of TPN on changes in plasma LC concentration and 
its excretion in urine on administration of MCT/LCT (50/50 
mix) vs. LCT.

Subjects and methods

Fifty consecutive patients (23 females, 27 males) with 
advanced cancer and CC and without the ability to feed 
orally were included in this study. Their mean age was 66±11 
years.

As a criterion of CC diagnosis, unintended body mass loss 
exceeding 5% in last 6 months was assumed. As a palliative 
treatment, enteral feeding was surgically restored in these 
patients. Mean BMI was 21±5 kg/m2 and mean body mass loss 
in the 6 months prior to the study was 22±9%. Most patients 
presented water-electrolytic imbalances requiring compensa-
tion. All patients required preoperative preparation with use 
of TPN. Patients with conditions that may have affected LC 
concentrations independently of CC were not recruited to this 
study. 

Patients were randomly divided into 2 groups according to 
the type of lipid emulsion they were administered: MCT/LCT 
vs. pure LCT. There were no statistically significant differ-
ences between these 2 groups regarding age, gender, body 
mass loss or mean BMI.

Plasma concentrations of LC, specifically TC and FC in 
plasma and LC excretion in urine, were measured 4 times in 
all patients: Test 1 on the day of their admission into the study, 
test 2 on Day 5 of TPN, test 3 on Day 6 of TPN and test 4 on 
Day 10 of TPN. A sample for FC and TC assay of the rectus 
abdominis muscle was surgically removed from each patient 
(during surgery for oncological reason) on the 6th day of 
hospital stay. No TPN was administered on that day so Day 6 
of TPN was actually the 7th day of hospital stay, and so on. 
Blood samples were taken from the ulnar vein in the morning 

before TPN administration. Urine samples were obtained as 
part of the daily collection.

The spectrophotometric method described by Cederblad 
and co-authors with Salek modification was used to measure 
the concentrations of LC in plasma, muscle and urine (14-16). 
Patients being administered MCT/LCT vs. pure LCT differed 
in terms of mean LC concentration on the day of admission to 
the study. Because of this, the differences between LC concen-
tration assays 1 and 4 were measured separately for these 2 
groups.

For the sake of analysis, patients were also divided into 
2 groups according to their BMI: BMI ≤19 kg/m2 (46%) and 
BMI >19 kg/m2 (54%). There were no statistically significant 
differences between these 2 groups regarding age, gender and 
number of patients.

Intralipid (Fresenius-Kabi, Bad Homburg, Germany) 
was used as pure LCT emulsion and Lipofundin (B. Braun, 
Melsungen, Germany) was used as an MCT/LCT emulsion. 
Both emulsions were administered through the central vein 
catheter by ‘all in one’ method. Mean energy supply was 
25 kcal/kg and mean protein supply was 1.2 g/kg.

Ethics. Prior to recruiting patients for this study, we obtained 
approval from the Independent Bioethics Committee 
for Scientific Research at Medical University of Gdansk 
NKEBN/145/2008. All patients included in the study were 
informed properly about the issues concerning the study and 
they completed the necessary consent form.

Statistical analysis. Decision-making statistical analysis 
consisted of testing means using Student's t-test and the 
comparison of distributions (medians) using the non-parametric 
U-test, with a special regard to the independence or depen-
dence of variables in both of these tests. Testing was performed 
in multi-way contingency tables using exact Fisher's test or 
Pearson χ2 test. The dependence measure was Pearson's corre-
lation coefficient for which the Vanish test was performed. 
P<0.05 was recognized as statistically significant.

Results

Mean FC plasma concentration was significantly higher than 
the reference value in both BMI ≤19 kg/m2 (P<0.035) and 
BMI>19 kg/m2 (P<0.002) patient groups (Table I). TC plasma 
concentration in patients with BMI >19 kg/m2 (P<0.001) was 
significantly higher than the reference value; it was also higher 
in patients with BMI ≤19 kg/m2, but the difference did not 
reach statistical significance (P<0.062). Both TC (P<0.038) 
and FC (P<0.041) plasma concentrations in patients with BMI 
≤19 kg/m2 were significantly lower than in patients with BMI 
>19 kg/m2. Mean FC/TC value in the plasma of patients with 
BMI ≤19 kg/m2 (0.72±0.14) was similar to that in patients with 
BMI >19 kg/m2 (0.68±0.13).

FC (P<0.035) and TC (P<0.016) excretion in urine in 
patients with BMI >19 kg/m2 were significantly higher than the 
reference values. FC (P<0.047) and TC (P<0.068) excretion in 
urine in patients with BMI ≤19 kg/m2 were also higher than 
the reference values. There was a significant positive correla-
tion between plasma concentrations of FC (r=0.259; P=0.001) 
and TC (r=0.339; P=0.001) and their urinary excretion.
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FC and TC concentrations in muscle were significantly 
lower than the reference values in patients with BMI 
≤19  kg/m2, and fitted within the reference values range 
in patients with BMI >19 kg/m2. FC/TC ratios in skeletal 
muscle tissue were significantly different between these 2 
groups (P<0.013). Muscle FC/TC ratio in patients with BMI 
≤19 kg/m2 was significantly higher than the reference value 
(P<0.014). 

The influence of LCT and MCT/LCT emulsions on TC concen-
tration changes in plasma and urine. There were significant 
reductions in plasma TC (P<0.004) and FC (P<0.002) concen-
trations between tests 1 and 4 in patients receiving MCT/LCT 
emulsion. Reductions were not significant in patients receiving 
LCT emulsion.

Reductions in plasma TC (P<0.048) and FC (P<0.014) 
concentrations between tests 1 and 4 in the MCT/LCT group 
were significantly higher than in the LCT group. There were 
no significant differences in the influence of the 2 emulsions 
on TC and FC urinary excretion (Table II).

Discussion

CC is often accompanied by anorexia and changes in alimen-
tary habits, including revulsion to meat, the main source of 
LC. Precursors indispensible to LC synthesis also appear to be 
in short supply in CC, including methionine, lysine, vitamin C, 
vitamin B6, niacin, Fe+2 and others (17,18).

The other consequences of CC are an intensification of 
acute phase proteins synthesis and growth of primary tumor 

Table I. LC concentrations in plasma, muscle and its urinary excretion.

Studied parameter	 BMI (kg/m2)	 Result	 Reference value	 P-value

FC in plasma	 BMI ≤19	 43±17	 36±6	 <0.035
(µmol/l)	 BMI >19	 54±27		  <0.002
TC in plasma	 BMI ≤19	 60±20	 53±9	 <0.062
(µmol/l)	 BMI >19	 79±36		  <0.001
FC/TC ratio in plasma	 BMI ≤19	 0.72±0.14	 <0.80	 NS
	 BMI >19	 0.68±0.13		  NS
Urinary excretion of FC	 BMI ≤19	 274±309	 166±151	 <0.047
(µmol/g of creatinine)	 BMI >19	 290±311		  <0.035
Urinary excretion of TC	 BMI ≤19	 428±375	 284±192	 <0.068
(µmol/g of creatinine)	 BMI >19	 543±475		  <0.016
FC in muscle	 BMI ≤19	 3.5±3.3	 5.5±2.3	 <0.011
(µmol/g of muscle)	 BMI >19	 5.0±4.7		  NS
TC in muscle	 BMI ≤19	 4.5±4.1	 6.4±2.6	 <0.049
(µmol/g of muscle)	 BMI >19	 5.9±5.2		  NS
FC/TC ratio in muscle	 BMI ≤19	 0.75±0.16	 0.85±0.07	 <0.014
	 BMI >19	 0.84±0.09		  NS

NS, not significant. aP-value from the comparison between results and the reference values.

Table II. Relationship between type of lipid emulsion and changes in TC and FC concentrations.

	 MCT/LCT	 LCT
	 -----------------------------------------------------------------	 --------------------------------------------------------------
	 Test 1	 Test 4	 Test 1	 Test 4

Plasma FCa (µmol/l)	 56±22	 42±19b	 45±25	 41±15
Plasma TCa (µmol/l)	 79±32	 59±27b	 65±30	 56±21
Plasma FC/TC ratio	 0.71±0.12	 0.70±0.12	 0.69±0.15	 0.74±0.12
Urine FC (µmol/g of creatinine)	 364±312	 384±479	 233±299	 189±232
Urine TC(µmol/g of creatinine)	 591±483	 596±587	 429±392	 328±311

aP<0.05 for the difference (T1-T4) MCT/LCT vs. (T1-T4) LCT; bP<0.05 1 vs. 4 for MCT/LCT
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and metastases. These processes compete with LC synthesis 
for the same substrates i.e. lysine and methionine. Because of 
these limitations in LC supply and its endogenous synthesis, 
plasma LC concentration in patients with CC is reduced as 
previously shown by Malaguarnera et al (19). These authors 
suggested that since most of the patients in their study had 
previously undergone chemotherapy or radiotherapy, this may 
have led to renal tubule damage, thus limiting LC reabsorption. 
However, we believe that competition for the LC substrates 
lysine and methionine due to intensified protein synthesis 
is a more likely explanation for reduced LC concentrations 
observed in their study. 

This study was designed to enquire whether CC disrupts 
LC distribution and metabolism in the human body. 
Contrary to previous results (22,23), LC plasma concen-
trations in our study significantly exceeded the reference 
value and simultaneously also exceeded the renal threshold 
(Table I).

In the group of patients with BMI≤19 kg/m2, mean LC 
plasma concentration was significantly lower than in patients 
with BMI >19  kg/m2, but renal excretion in both groups 
exceeded both the upper limit of the reference value and the 
renal threshold (Table I).

From previous studies, it is known that AC and FC 
excretion begin to increase instantly after exceeding the 
threshold level. This is because healthy kidneys reabsorb 
more LC to compensate for the decrease in plasma concen-
trations (20,21). It should be also emphasized that the renal 
threshold for LC is only slightly higher than the upper limit 
of the reference value. In our study we noted a significant 
positive correlation between FC (r=0.259; P=0.001) and TC 
(r=0.339; P=0.001) plasma concentrations and their urinary 
excretion.

In our study, FC (p<0.011) and TC (P<0.049) muscle 
concentrations in patients with BMI ≤19 kg/m2 were signifi-
cantly lower than the bottom limit of the reference value, 
and were directly correlated with the extent of malnutrition 
(Table I). Because almost 98% of the body's LC content is 
located in the muscles, a decrease in LC muscle concentra-
tion is a reflection of a decrease in overall body content and 
a consequently decreased ability of LC to participate in FA 
metabolism.

We have observed that LC muscle and plasma concentra-
tions and changes in urinary excretion in the studied group of 
patients are logically interrelated. Muscle LC, when released, 
appears in plasma. Therefore, a decrease in LC muscle concen-
tration is associated with its increase in plasma. An increase in 
LC plasma concentration, especially above the renal threshold, 
increases its urinary excretion. Mechanical muscle injury 
associated with laparotomy also releases LC; the temporary 
ischemia of surgical wounds exerts a similar effect. We believe 
that these are the possible reasons for the increase in transient 
LC plasma concentration and its renal excretion between tests 
2 and 3. Since this phenomenon affects all patients to a similar 
extent, it should not influence a comparative analysis of the 
results.

Our study proves that in spite of LC plasma concentra-
tions exceeding the reference value, LC muscle concentration 
actually decreases. This appears to be a situation without 
a previously recognized equivalent in the human body. 

According to the definition of CC, it is associated with muscle 
mass loss due to muscle degradation, mostly myosin heavy 
chains (MyHC) (22,23). TNF-α, IL-1β, IL-6 and IFN-γ are 
the main factors responsible for muscle degradation (24,25). 
Activation of the ubiquitin-proteasome system is the final step 
of this process (26-29). It is worth mentioning that muscle 
degradation in CC is significantly different from muscle loss 
due to necrosis or rhabdomyolysis.

Our study also reveals that the concentration of LC in 
muscle decreases as the stage of CC advances in cancer patients 
i.e. as their BMI lowers. Therefore, LC muscle concentration 
might be both a useful marker to evaluate the extent of muscle 
degradation and an objective indicator of current CC stage in 
cancer patients.

Furthermore, we observed that the plasma AC/FC ratio 
was higher than the reference value in both patients with BMI 
≤19 kg/m2 and BMI >19 kg/m2 (Table I). When the AC/FC 
ratio in the plasma crosses the upper limit of the reference 
value in clinical practice, it is considered detrimental from 
the point of view of long-chain FA metabolism. On the other 
hand, we also observed increased FC concentrations above 
the reference value (Table I). Theoretically, this should be 
evidence for an increase in LC availability for FA transport 
through the mitochondrial membrane and their introduction 
to β-oxidation.

Based on our results we can conclude that an increase in 
FC plasma concentration with an accompanying decrease in 
muscle concentration do not translate into better metabolic 
utility of LC, because FA metabolism takes place mainly in 
myocytes.

This suggests that AC and FC assays may be more useful 
diagnostically if they are carried out in muscle than in plasma. 
Therefore, in certain cases more invasive methods than blood 
and urine tests should be considered; muscle biopsies may 
provide more accurate results.

With regard to the influence of lipid emulsion on LC 
distribution in the body and metabolism in patients with CC, 
we noted a significant decrease in LC plasma concentration in 
patients receiving MCT/LCT. The decrease was not significant 
in patients receiving LCT (Table II). Administration of MCT/
LCT demands less LC involvement in LCFA metabolism and 
may be preferable to LCT in CC patients because it limits LC 
release from muscles to plasma. This indirectly suggests that 
MCT/LCT may decrease the process of muscle degradation in 
comparison with LCT.

CC leads to a general deficiency in LC that correlates 
with the extent of patient malnutrition. The main cause of 
this deficiency is likely to be skeletal muscle degradation. 
A decrease in LC muscle concentration correlates with its 
increase in plasma and urinary excretion. Therefore, skeletal 
muscle concentration is a true reflection of LC deficiency in 
CC patients, and not plasma or urine levels.

The absence of significant increases in LC plasma concen-
trations in patients receiving MCT/LCT lipid emulsion in TPN 
suggests that it reduces the degradation of skeletal muscles in 
comparison with pure LCT emulsion.

LC concentration assay in muscles may be a useful 
marker to evaluate the process of skeletal muscle degrada-
tion, along with being an objective marker of CC stage in 
cancer patients.
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