
synthesis of this substance. These low serum carnitine 
levels also contribute to the progression of cachexia in 
cancer patients. 
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INTRODUCTION
Cancer cachexia is a condition characterized by anorexia, 
chronic nausea, early satiety, muscle wasting, involuntary 
weight loss, lipolysis, weakness, fatigue, impaired mental 
and physical perfor mance, decreased capacity of  
wound healing, impaired immunological function, and 
compromized quality of  life. Cancer cachexia is associated 
with poor survival and decreased tolerance to both 
radiotherapy and chemotherapy[1].

The prevalence of  cachexia is about 60% in terminal 
cancer patients[2]. Anorexia and nausea exacerbate the 
detrimental effects of  tumor-related changes in protein 
metabolism on nutritional status, leading to increased 
morbidity and mortality[3].

The mechanisms responsible for cachexia in cancer 
patients are poorly understood. One of  the factors 
contributing to weight loss is the reduced food intake, 
which may be caused by a decrease in appetite or a tumor 
treatment[4], mechanical obstruction of  the gastrointestinal 
(GI) tract or intestinal malabsorption.

A decrease in food intake, combined with a decrease 
in physical exercise, leads to a decline in muscle mass and 
power. 

Several studies have suggested that metabolic control 
of  food intake also exists, in which the biochemical 
partitioning between fatty acid oxidation and synthesis is a 
vital signal indicating catabolic or anabolic energy status[5]. 
Changes in energy metabolism infl uence energy intake via 
energy signals.
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Abstract 
AIM: To evaluate the levels of serum carnitine in 
patients with cancer in digestive organs and to compare 
them with other cancers in order to provide new insights 
into the mechanisms of cachexia.

METHODS: Fifthy-fi ve cachectic patients with or without 
gastrointestinal cancer were enrolled in the present 
study. They underwent routine laboratory investigations, 
including examination of the levels of various forms of 
carnitine present in serum (i.e., long-chain acylcarnitine, 
short-chain acylcarnitine, free carnitine, and total 
carnitine). These values were compared with those 
found in 60 cancer patients in good nutritional status as 
well as with those of 30 healthy control subjects.

RESULTS: When the cachectic patients with gastro-
intestinal cancer were compared with the cachectic 
patients without gastrointestinal cancer, the difference 
was -6.8 μmol/L in free carnitine (P  < 0.005), 0.04 μmol/
L in long chain acylcarnitine (P  < 0.05), 8.7 μmol/L in 
total carnitine (P  < 0.001). In the cachectic patients with 
or without gastrointestinal cancer, the difference was 
12.2 μmol/L in free carnitine (P  < 0.001), 4.60 μmol/L in 
short chain acylcarnitine (P  < 0.001), and 0.60 μmol /L 
in long-chain acylcarnitine (P  < 0.005) and 17.4 μmol/L 
in total carnitine (P  < 0.001). In the cachectic patients 
with gastrointestinal cancer and the healthy control 
subjects, the difference was 15.5 μmol/L in free carnitine 
(P  < 0.001), 5.2 μmol /L in short-chain acylcarnitine (P  
< 0.001), 1.0 μmol/L in long chain acylcarnitine (P  < 
0.001), and 21.8 μmol/L in total carnitine (P  < 0.001).

CONCLUSION: Low serum levels of carnitine in terminal 
neoplastic patients are decreased greatly due to the 
decreased dietary intake and impaired endogenous 
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Energy signals are independent from body mass, but 
they inform the brain on the metabolic switch occurring 
subcellularly between fatty acid oxidation and synthesis[6]. 
The combination of  reduced energy intake and increased 
energy expenditure in cancer patients results in substantial 
weight loss. It has been shown that weight loss in cancer 
patients comprises both muscle mass and fat mass. 

When there is a cancer, several metabolic changes are 
present in the whole body. It could be possible that one of  
these factors is represented by a decrease of  endogenous 
synthesis of  carnitine or by a reduction of  exogenous 
assumption of  carnitine.

Carnitine is a naturally occurring substance required 
for energy metabolism. In omnivores approximately 
75% of  carnitine sources come from diet and 25% 
from endogenous synthesis[7]. Under normal conditions,  
omnivores absorb about 70%-80% of  dietary carnitine[8].

Human skeletal muscle, heart, l iver, kidney and 
brain are capable of  biosynthesizing carnitine from 
motioning and lysine to its immediate precursor gamma 
butyrobetaine[9].

Carnitine is essential for the transport of  long chain 
fatty acids across the mitochondrial membrane for fatty 
degradation and energy production and has the ability to 
shuttle short chain fatty acids from inside the mitochondria 
to the cytosol. 

In a previous study[10], we observed low serum levels of  
carnitine in patients with tumoral cachexia, which may be 
due to a decreased availability of  carnitine in the diet or to 
the altered endogenous biosynthesis.

The aim of  the present study was to evaluate the levels 
of  serum carnitine in patients with cancer in digestive 
organs and to compare them with other cancers in order 
to provide new insights into the mechanisms of  cachexia.

MATERIALS AND METHODS
Fifty-five patients eligible for this study had advanced 
malignancies localized in various parts of  the body. The 
patients were in the terminal phase of  their disease and 
only palliation was requested. All of  them showed a weight 
loss above 5% in the 6 mo prior to enrollment in the study. 
Thirty cachectic patients with gastrointestinal cancer (16 
males and 14 females, mean age 47.4 ± 7.6 years) had the 
following diagnoses: cancer of  the stomach in 6, cancer 
of  the small bowel in 6, cancer of  the colon in 10, cancer 
of  the rectum in 8. Twenty cachectic patients without 
gastrointestinal cancer (13 males and 12 females, mean age 
49.1 ± 6.4 years) had the following diagnoses: lung cancer 
in 5, renal cell carcinoma in 5, malignant melanoma in 5, 
bladder cancer in 5, prostate cancer in 2, and breast cancer 
in 3. Forty of  them underwent surgical intervention, while 
31 received one or more chemotherapeutic treatments and 
6 received radiotherapy. We also enrolled two groups of  
control subjects.

Sixty cancer patients were in good nutritional status 
(25 males and 35 females, mean age 48.6 ± 8.4 years). 
Their diagnoses were as follows: colorectal carcinoma in 
10, lung cancer in 15, breast cancer in 10, gastric cancer in 
3, bladder cancer in 7, renal cell carcinoma in 4, prostate 
cancer in 10, and testicular cancer in 1.

A second control group consisted of  30 healthy 
individuals aged 51.3 ± 5.2 years. The patient group (n = 4) 
was examined in the morning between 8:00 a.m. and 10:00 
a.m. after an overnight fast. Then, venous blood samples 
were taken and stored in tubes containing ethylenediamine 
tetra acetic acid (EDTA) or heparin (Table 1). 

Serum or plasma was obtained by centrifugation. 
Serum was analyzed immediately, while plasma and urine 
were stored at -20℃ before analysis. Serum carnitine 
levels were determined using the Cederblad and Lindstedt 
method modified by Brass and Hoppel[7]. Plasma was 
treated with perchloric acid (final concentration 3% vol:
vol) and centrifuged for 2 min at 10 000 r/min. Long-chain 
acylcarnitine was extracted from the pellet after alkaline 
hydrolysis, while free and short-chain acylcarnitines were 
extracted from the supernatant. The sum of  short-chain 
acylcarnitine, free carnitine, and long-chain acylcarnitine 
was considered the serum of  total carnitine level.

Creatinine concentrations were determined using a 
kinetic colorimetric reaction in the same samples used to 
measure the carnitine concentrations. All laboratory tests 
were performed using standard laboratory procedures.

All subjects followed a daily diet consisting of  1800 
kcal/d with a content of  total cholesterol < 300 mg/d, 
50% carbohydrates, 20% proteins, and 30% fats (of  which 
10% were saturated fatty acids, 10% unsaturated fatty 
acids, and 10% polyunsaturated fatty acids).

Statistical analysis
The results are presented as mean ± SD. The following 
two-tailed tests at P < 0.05 were used in the study: the 
Mann-Whitney U-test in the case of  two independent 
samples and the Spearman’s rank correlation coefficient 
test for univariate relationships between variables. In 
order to evaluate the independent effects of  covariates 
on carnitine concentration, a stepwise multiple linear 
regression analysis was performed.

Data were analyzed using the statistical package SPSS 
for Windows 7.5 (SPSS Inc., Chicago, IL, USA).

RESULTS
Comparison of baseline characteristics
The four groups of  subjects were comparable in age, 
height, systolic and diastolic pressure. The difference 
in weight was 4.50 kg (P < 0.05) between cachectic 

Table 1  Characteristics of the study population (mean ± SD)

Parameter Cachectic 
patients with 

gastrointestinal 
cancer (30)

Cachectic 
patients without 
gastrointestinal 
cancer (25)

Non cachectic 
patients with 

cancer
(60)

Healthy 
subjects
(30)

Sex  M/F 16/14 13/12 25/35 15/15
Mean age (yr)   47.4 ± 7.6   49.1 ± 6.4   48.6 ± 8.4   51.3 ± 5.2
Heigth (cm) 158.9 ± 6.8 160.6 ± 7.1 159.4 ± 7.8 160.2 ± 6.4
Weigth (kg)   46.8 ± 7.6   51.4 ± 6.9   60.2 ± 7.4   63.8 ± 11.3
SAP (mmHg)   151.8 ± 12.4      156 ± 13.2 152.4 ± 14.7 150.3 ± 16.8
DAP (mmHg)   84.2 ± 8.7   86.4 ± 7.1   80.1 ± 9.7   80.2 ± 10.6

Heat Rate bpm   94.2 ± 9.8     86.2 ± 11.1   84.2 ± 7.1   81.2 ± 10.2
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patients with gastrointestinal cancer and cachectic 
patients without gastrointestinal cancer, 13.40 kg (P < 
0.001) between cachectic patients with gastrointestinal 
cancer and neoplastic non-cachectic patients, and 17.0 kg 
between cachectic patients with gastrointestinal cancer and 
healthy subjects (P < 001). The difference in weight was 
8.80 kg (P < 0.001) between cachectic patients without 
gastrointestinal cancer and non-cachectic patients, and 
12.40 kg (P < 0.001) between cachectic patients without 
gastrointestinal cancer and healthy subjects.

Comparison of laboratory parameters
When the cachectic patients with gastro-intestinal 
cancer were compared to the cachectic patients without 
gastrointestinal cancer, the difference was 12.5 mg/dL in 
triglycerides (P < 0.001), 26.7 IU/L in ALP (P < 0.001) 
and 802.6 ng/mL in CEA (P < 0.001).

The difference was 6.8 μmol/L in free carnitine (P < 
0.005), 0.04 μmol/L in long chain acylcarnitine (P < 0.05), 
8.7 μmol/L in total carnitine (P < 0.001).

When the cachectic patients with gastrointestinal cancer 
were compared to non cachectic patients with cancer, the 
difference was 5.8 mg/dL in bun (P < 0.001), 7.00 mg/dL 
in glucose (P < 0.001), 34.1 mg/dL in total cholesterol 
(P < 0.001), 31.3 mg/dL in triglycerides (P < 0.001), 8.60 
IU/L in AST (P < 0.001), 45.8 IU/L in ALP (P < 0.001) 
and 815.6 ng/mL in CEA (P < 0.001). The difference was 
12.2 μmol/L in free carnitine (P < 0.001), 4.60 μmol/L in 
short-chain acylcarnitine (P < 0.001), and 0.60 μmol/L in 
long-chain acylcarnitine (P < 0.005) and 17.4 μmol/L in 
total carnitine (P < 0.001).

When the cachectic patients with gastrointestinal 
cancer were compared to the healthy control subjects, the 
difference was 27.60 mg/dL in total cholesterol (P < 0.001), 
25.8 mg/ dL in triglycerides (P < 0.001), 13.0 IU/L in 
ALT (P < 0.001), 15.60 IU/L in AST (P <0.001), and 76.8 
IU/L in ALP (P < 0.001) and 845.1 ng/mL in CEA (P < 
0.001). The difference was 15.5 μmol/L in free carnitine 
(P < 0.001), 5.2 μmol/L in short-chain acylcarnitine (P < 
0.001), 1.0 μmol/L in long-chain acylcarnitine (P < 0.001), 
and 21.8 μmol/L in total carnitine (P < 0.001).

When the cachectic patients without gastrointestinal 
cancer were compared to the non cachectic patients with 
cancer, the difference was 3.2 mg/dL in bun (P < 0.01), 
7.5 mg/dL in glucose (P < 0.001), 27.3 mg/dL in total 
cholesterol (P < 0.001), 18.8 mg in triglycerides (P < 0.001), 
5.9 IU/L in AST (P < 0.01), 19.10 in ALP (P < 0.001), 
5.40 μmol/L in free carnitine (P < 0.01), 3.10 μmol/L in 
short-chain acylcarnitine (P < 0.005), 8.7 μmol/L in total 
carnitine (P < 0.001).

When the cachectic patients without gastrointestinal 
cancer were compared to the healthy controls, the 
difference was 5.40 mg/dL in Bun (P < 0.005), 20.8 
mg/dL in total cholesterol (P < 0.001), 13.3 mg/dL in 
triglycerides (P < 0.001), 8.7 IU/L in ALT (P < 0.001), 
12.9 IU/L in AST (P < 0.001), 50.1 IU/L in ALP (P < 
0.001), 8.7 μmol/L in free carnitine (P < 0.001), 3.7 μmol/
L in short-chain acylcarnitine (P < 0.01), 0.6 μmol/L in 
long-chain acylcarnitine L (P < 0.005), 13.1 μmol/L in 
total carnitine (P < 0.001). 

 When non-cachectic cancer patients were compared to 
the healthy controls, the difference was 8.6 mg/dL in BUN 
(P < 0.001), 4.2 mg/dL in glucose (P < 0.05), 6.5 mg/dL 
in total cholesterol (P < 0.005), 5.5 mg in triglycerides (P < 
0.01), 9.4 IU/L in ALT (P < 0.001), 7.00 IU/L in AST (P 
< 0.001), and 31.01 IU/L in ALP (P < 0.001).

In comparison of  serum plasma carnitine in controls 
and neoplastic patients, there were no significant 
differences (Table 2).

The correlation studies in patients with gastrointestinal 
cancer showed a strong correlation between the following 
parameters: total carnitine (r = 0.75), short-chain acyl-
carnitine (r = 0.70), long-chain acyl-carnitine (r = 0.78), 
free carnitine (R = 0.70), weight loss and total carnitine 
(R = 0.81), short chain acylcarnitine (r = 0.78), long chain 
acylcarnitine (r = 0.71), free carnitine (r = 0.74) and CEA.

The correlation studies in patients also showed a 
correlation between total carnitine (r = 0.61), short chain 
acylcarnitine (r = 0.65), and long chain acylcarnitine (r = 
0.64) in free carnitine (r = 0.61) and weight loss.

No correlation was found between total carnitine 
or the fractions of  carnitine and other biohumoral and 
demographic characteristics (Figure 1).

DISCUSSION
The current study demonstrated that patients with 
gastrointestinal cancer cachexia showed a significant 
decrease in fractions and total carnitine serum levels in 

Group 1: Cachectic gastrointestinal patients (30)
Group 2: Cachectic non-gastrointestinal patients (25)
Group 3: Neoplastic patients (60)
Group 4: Healthy subjects (30)
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Figure 1  Comparison of carnitine serum levels in four subject groups.

Table 2  Laboratory parameters of subjects included in our 
study (mean ± SD)

Parameter Group 1
(30 pts)

Group 2
(25 pts)

Group 3 
(60 pts)

Group 4
(30 pts)

Bun (mg/dL)   35.6 ± 5.4   38.2 ± 5.1   41.4 ± 4.7   32.8 ± 7.9
Glucose (mg/dL)   68.4 ± 9.1   67.9 ± 8.7   75.4 ± 9.1   71.2 ± 9.4
Creatinine (mg/dL)   0.87 ± 0.37   0.91 ± 0.25   1.06 ± 0.20   0.97 ± 0.21
Total Cholesterol 
(mg/dL)

160.1 ± 13.9 166.9 ± 14.2 194.2 ± 8.7 187.7 ± 10.8

Triglycerides 
(mg/dL)

144.3 ± 13.2 156.8 ± 10.9 175.6 ± 9.6 170.1 ± 9.8

ALT (IU/L)   49.7 ± 9.8   45.4 ± 7.9   46.1 ± 7.8   36.7 ± 4.4

AST (IU/L)   51.4 ± 8.9   48.7 ± 7.4   42.8 ± 9.6   35.8 ± 6.7
ALP (IU/L) 241.8 ± 22.6 215.1 ± 20.7    196 ± 16.4    165 ± 18.2
CEA (ng/mL) 847.2 ± 196.4   44.6 ± 13.1   31.6 ± 15.8     2.1 ± 1.4

Malaguarnera M et al. New insights into the mechanisms of cachexia                                                             4543

www.wjgnet.com



comparison with controls.
Malignant lesions are generally associated with weight 

loss, due to delay in the establishment of  a diagnosis. 
Gastrointestinal cancer is characterized by malabsorption 
with excess fecal loss of  ions and water, in addition to 
nutrient. Cachexia is associated with inflammatory or 
neoplastic condition that evokes an acute-phase response 
with an increase of  cytokine production (such tumor 
necrosis factor, interleukin 1, 6 and interferon), and 
feeding does not reverse the macronutrient changes.

Pat ients with gastrointest inal cancer may also 
experience anorexia secondary to food adversion.

Gastrointestinal cancer presents with symptoms and 
signs such as loss of  appetite, abdominal discomfort, 
decreased gastrointestinal transit with obstructive 
symptoms, weight loss, weakness, nausea and vomiting.

Diversion to food can be attributed to the location of  
the tumor, its rate of  growth and size[11].

Patients with growing tumors and poor intake due 
to bowel obstruction or severe dysphagia present with 
progressive nutritional deprivation as the main mechanism 
of  cachexia.

The low plasma carnitine concentration in these 
patients is probably a consequence of  decreased intake 
of  carnitine and the carnitine precursors L-lysine and 
L-methionine.

Carnitine is critical for normal skeletal and heart muscle 
bioenergetics.

The decrease of  carnitine and its derivates in patients 
with cachexia can explain the sarcopenia.

In fact, skeletal muscle is the main reservoir in the 
body and possesses a carnitine concentration at least 50 
to 200 times higher than in blood, where the average 
concentration is about 50 μmol/L[12].

Administration of  exogenous L- carnitine might 
improve the nutrit ional status in patients without 
gastrointestinal cancer and enhance muscle mass exerting 
a favorable effect on chronic fatigue syndrome in cancer 
patients. 

The values of  serum carnitine determination are 
questionable in respect to consequences and interpretation. 
This is due to the fact that serum carnitine represents 
approximately 3% of  total body carnitine.

Rates of  changes beyond the limits of  2%-3% in 1 mo 
can be considered abnormal. However, rates of  changes 
within these limits may also be abnormal if  divergent 
changes are seen in different body compartments 
(for example, depletion of  skeletal muscle plus fluid 
overlood caused by cardiac, hepatic, or renal disease; 
hypoalbuminemia or intravenous hydration)[ 13,14] .

Carnit ine is required for long-chain fatty acid 
oxidation and assists in removing accumulated acyl groups 
from the mitochondria and plays an important role in 
detoxifi cation[15]. The reduced levels of  carnitine seem to 
be related with both malabsorption and impaired carnitine 
production. A decrease in serum carnitine explains not 
only the sarcopenia but also indicates a bioenergetic 
defi cit with the physical and mental fatigue detectable in 
patients[16].

An increase in resting energy expenditure may 
contribute to weight loss in cancer patients. L-carnitine 

has been shown to have physiologic effects on metabolism 
in cachexia models, presumably because of  its ability to 
increase fatty oxidation[17].

The decrease in total serum carnitine is associated with 
a decrease in acylcarnitine, a fundamental substance in 
brain metabolism. Defi ciency in acyl carnitine can induce 
behavioral and cognitive changes (anxiety, depression and 
malignancy or treatment-related anorexia)[18,19].

The direct relationship between total serum carnitine 
and short-chain and long-chain acylcarnitine levels 
in patients with gastrointestinal cancer cachexia and 
CEA suggests that the observed decrease in serum 
carnitine levels is directly influenced by the activity of  
gastrointestinal cancer.

In fact, malnutrition triggers a vicious circle in which 
neoplastic patients produce additional amounts of  
cytokines. The decrease in total and fractions of  carnitine 
in patients without gastrointestinal cancer cachexia in 
comparison with cancer patients in good nutritional status 
and healthy control subjects suggests the alteration of  
endogenous biosynthesis of  carnitine due to elevated 
cytokine production associated with cachexia. In fact, 
cachexia has a multifactorial pathogenesis and involves 
several neuronal systems that modulate production and 
transport of  cell energy, such as hormones, neuropeptides, 
cytokines and neurotransmit ters ( serotonin and 
dopamine)[20].

Since therapeutic options currently available for the 
treatment of  these patients are not successful,

administration of  carnitine may allow us to correct 
the unregulated immune response and improve the total 
energy expenditure[21]. The total energy expenditure 
involves in fact resting energy expenditure (approximately 
70%), voluntary energy expenditure (25%), and energy 
expenditure in digestion (5%).

Therefore, there is no evidence that supports the use of  
nutritional or pharmacological intervention to improve the 
likelihood of  either survival or improved anti-neoplastic 
interventions[22,23]. L-carnitine and L-acetylcarnitine may 
be effective at limiting the demands placed on cachectic 
patients by acute stresses, such as sudden increases in 
physical activity, immunological challenge or acute and 
chronic malnutrition.
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