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ABSTRACT 
 

Background & Aims: Accumulating evidence has reported significant sparing of muscle glycogen during exercise with 
elevated free fatty acid concentration (FFA), although the mechanisms underlying this response are a matter of some debate. 
The purpose of this study was to determine whether a long-term L-carnitine ingestion is effect on some markers of fat 
metabolism in none-trained male students. 
Methods: Subjects included in the study were 30 none-trained male students (BMI 25–35 kg/m2) that divided into 
experimental (L-carnitine, 3g orally, daily, 21 days) and control (Lactose) groups, matched for age. Each subject participated 
in two experimental trials. All participants completed submaximal ergometry Astrand protocol on bicycle for 20 minutes 
before and after this supplementation period. A venous blood sample was collected immediately after each exercise test for 
determine plasma free fatty acid (FFA), triglyceride (TG) and other metabolites from all the subjects. Statistical analysis was 
performed with the SPSS software version 15.00. A p-value < 0.05 was considered to be statistically significant. Results: 
The data showed that FFA levels were not affected by L-carnitine supplementation (P < 0.05). In addition, all other blood 
variables measured were not significantly changed as a result of L-carnitine supplementation in experimental group (P < 
0.05). Conclusion: Based on this data, it was concluded that long-term oral carnitine ingestion can not induce favorable 
changes in fat metabolism substrates during submaximal exercise in people without carnitine deficiency. 
Keywords: Submaximal exercise, Carnitine ingestion, Metabolism. 

 
INTRODUCTION 

 
Glycogen and triacylglycerol (triglyceride) are condensed fuel reserves (1) which provide the body's skeletal muscle 

cells or other tissues with the chemical energy in form of glucose and free fatty acids (FFA) when necessary; for instance for 
growth and restoration or during exercise when metabolic rate increases, and are known as the main fuel source of the 
body(1). Despite abundant and inexhaustible body triglyceride reserves, the hepatic and muscular glycogen reserves are 
limited and its depletion during exercise, especially during prolonged endurance activities is predictable (1,2). Since the 
depletion of muscular glycogen and blood glucose is regarded as the main cause of muscular fatigue during this type of 
activities (2), extensive studies have been conducted by the scholars of biochemistry and sports physiology in order to 
increase FFA consumption during such activities; because increased consumption of FFA is associated with decreased 
glucose consumption during endurance exercise and delayed depletion of glycogen resources the consequence of which is 
delay in the onset of fatigue, especially during endurance activities (2).  

FFA released through lipolysis of adipose tissue constitutes a major part of fuel for active muscles especially when the 
exercise is prolonged and its intensity is low to moderate (3). FFA metabolism is a complex process that involves several 
phases including FFA transport in plasma and its entry into the mitochondrial matrix (4). Mitochondrial transport OF FFA 
depends on the availability of a carrier protein called L-carnitine (4). It is hypothesized that increased plasma L-carnitine is 
associated with higher FFA transport (6-4).  

Various studies have been conducted on the effects of plasma L-carnitine on FFA consumption or endurance capacity, 
subsequent to oral or intravenous administration of L-carnitine. In this regard, some findings show that L-carnitine 
supplementation would lead to increased Lipid oxidation (5), reduced carbohydrate oxidation (6), improved endurance 
exercise (7) and shortened recovery time following exercise (8). However, some studies report carbohydrate oxidation (9), 
maximum oxygen consumption (VO2max) (10), heart rate, oxygen consumption, respiratory exchange ratio and blood lactate 
concentration remaining unchanged (11) after consumption of L-carnitine.  

Recent experimental studies have revealed that the main sources of body's carnitine reserves are skeletal muscles and 
plasma carnitine reserves are scarce (12). Some studies have shown that the amount of muscular carnitine becomes limited 
during sub-maximal exercise (13).  Most studies have assessed acute or one-session L-carnitine supplementation on the said 
factors during exercise. On the other hand, L-carnitine L-tartrate is one derivative of L-carnitine the effects of 
supplementation of which on the variation of oxidation substrates used during exercise have been studied less. Therefore, 
long-term effect of L-Carnitine L-Tartrate supplementation on Lipid oxidation substrates during exercise is the main 
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objective of this study. This study intends to study the effect of 21 day L-Carnitine L-Tartrate (physiological active form of 
carnitine) supplementation (3 g daily), on certain components of Lipid oxidation such as FFA, triglyceride, lipase, and such 
physiological components as resting and exercise heart rate.  

 
METHODS 

 
To determine the effects of 21 days (3g, daily) oral L-carnitine supplementation on some fat metabolism substrates 

physiological indexes such as resting and exercise heart during submaximal exercise, a total 30 none-trained male students 
matched ages (20-25 years) and BMI (20-25 kg/m2) were divided into experimental and control groups by randomly. This 
protocol was approved by ethics committee of Azad university of Iran. Each participant received written and verbal 
explanations about the nature of the study before signing an informed consent form.Subjects with a history or clinical 
evidence of impaired fasting glucose or diabetes, orthopedic abnormalities, neuroendocrine tumor, anemia, or who were on 
medications known to alter insulin sensitivity were excluded. Subjects had neither used any medication 6 weeks prior to the 
study nor participated in any regular physical exercise. Body weight and height were measured with a standard physician’s 
scale and a stadiometer, respectively when subjects were in a fasting state when the participant had thin clothes on and was 
wearing no shoes. Before and after of supplementation periods, the all subjects completed an ergometry cycling test 
according to Astrand submaximal protocol on cycle for twenty minute (14). The subjects were advised to avoid any physical 
activity or exercise 48 hours before the blood sampling. Blood samples were drawn immediately followed up exercise. The 
blood samples were immediately centrifuged and serum was stored at –80°C. Blood samplings were performed in order to 
measuring of FFA, Lipase, triglyceride (TG), total cholesterol (TC), and low-density lipoprotein (LDL) and high-density 
lipoprotein (HDL). Rest and submaximal heart rate monitored by polar telemetry. 
 
Statistical analysis:  

We used the SPSS for Windows software (version 15:00; SPSS) for statistical analysis. The statistical significance of 
divergences between the means in the test and control groups were evaluated using the unpaired Student’s t-tests in the case 
of normal distribution of data sets, and using the Kolmogorov- Smirnov’s test when at least in one of the data sets the normal 
distribution was excluded. A paired T-test used to compare significant differences in each variable between two blood 
samplings (pre and post-test) in each group. A p-value < 0.05 was considered to be statistically significant. 
 

RESULTS 
 

Descriptive anthropometric and biochemical marker indicatives of the participants in pre and post-test are presented in 
Table 1. All values are represented as mean ± SD. At baseline (pretest) there were no differences in the age, weight, 
biochemical and physiological markers between the two groups (see Table 1). The data of paired T-test showed that long 
term L-carnitine ingestion had no significant preferential effect compared to placebo on rest and sub-maximal heart rate 
during cycling test in experimental group (P < 0.05). Additionally, L-carnitine supplementation had no significant effect on 
FFA concentration and thus could not alter other fat metabolism marker indicatives such as TG, TC, LDL, HDL and lipase 
during cycling exercise (P < 0.05). All variables remained without in placebo group. 
 
Table 1: Mean and standard deviation of biomedical and physiological variables in studied groups during exercise test 

variables Experimental group 
Pretest                     Post-test 

Control groups 
Pretest                       Post-test 

Age (year) 22 ± 3 22 ± 3 21 ± 3 21 ± 3 
Weight (kg) 71 ± 11 71 ± 9 72 ± 11 71 ± 12 
Height (cm) 175 ± 8 175 ± 8 176 ± 7 176 ± 7 

Heart rate (rest) 69 ± 8 70 ± 9 70 ± 9 72 ± 10 
Heart rate (exercise) 158 ± 15 163 ± 14 153 ± 19 157 ± 21 

FFA (mm/L) 0.71 ± 0.15 0.73 ± 0.19 0.68 ± 0.15 0.72 ± 0.12 
TG (mg/dL) 168 ± 43 175 ± 48 171 ± 29 173 ± 28 
TC (mg/dL) 214 ± 31 206 ± 29 209 ± 39 216 ± 38 
Lipase (U/L) 147 ± 28 142 ± 33 151 ± 42 155 ± 24 
LDL (mg/dL) 98 ± 11 100 ± 19 103 ± 14 100 ± 15 
HDL (mg/dL) 47 ± 4 48 ± 5 48 ± 6 47 ± 5 

 
DISCUSSION 

 
Carnitine has a key role in lipid metabolism due to the transport of FFA into the mitochondria for energy generation 

(15). Free fatty acid can not penetrate into the mitochondria by itself, however once combined with carnitine; it turns into 
acylcarnitines and easily passes through the mitochondrial membrane. Inside the mitochondria carnitine acylcarnitine again 
turns into Acyl-CoA and carnitine molecules and Acyl-CoA is converted to acetyl CoA in the process of Beta-oxidation and 
carnitine returns back to the cytoplasm (15). Exercise training enhances skeletal muscle capacity for fatty acid oxidation, 
which in turn requires increased transfer of free fatty acids into the mitochondria (15).  

479 



J. Appl. Environ. Biol. Sci., 1(11)478-481, 2011 
 

Early researches have been reported that total muscular carnitine decreases by 20% during 40 minutes of exercise at 55% 
VO2max, (16). However, one study suggests that intense physical exercise decreases muscle carnitine (17). These findings 
gave rise to the notion that the decrease of carnitine reserves in muscle or plasma is associated with reduced FFA transport 
and increasing muscular carnitine reserves by long-term supplementation would prevent that phenomenon. Shortage of 
carnitine in skeletal muscle is associated with impaired muscular function (18). Increase in muscular carnitine content 
decreases glycolysis and increases muscular glycogen reserves and increases lipid oxidation (13). It is also maintained that 
increase in muscular carnitine content leads to a reduction in carbohydrate oxidation, which is probably due to increased lipid 
oxidation (6). Another study shows that although instantaneous L-carnitine supplementation does not affect the components 
of carbohydrate and lipid oxidation, its long-term supplementation leads to lower glucose consumption and carbohydrate 
oxidation (9).  

However, according to one study, the use of L-carnitine for 6 weeks would have no effect on the consumption of 
plasma free fatty acids fat and Beta oxidation and it does not seem to be associated with improved exercise performance (19). 
Another study shows that daily consumption of 4 grams of L-carnitine for 3 months would not lead to increased muscular 
carnitine and enhanced athletic performance (20). The study of Brad et al shows that a daily intake of 3 grams of L-carnitine 
for 3 months would have no effect on carbohydrate oxidation and substrates consumption and endurance performance (21).  

Our study finding showed that a 21-day L-carnitine supplementation would not lead to any changes in plasma 
concentration of FFA, triglycerides, total cholesterol and lipase activity. In other words, none of the said components which 
somehow influence Lipid oxidation would change by this type of supplementation. Meanwhile the physiological parameters 
like resting and sub-maximal heart rate also remain unaffected by this supplementation.  

Some experimental studies have shown that very low amounts of carnitine are required for optimal muscular function 
(18). Improved athletic performance caused by carnitine supplementation in subjects whose disease is somehow associated 
with carnitine deficiency has repeatedly been demonstrated (22-24, 11). However, the effect of carnitine supplementation on 
enhancing muscular function in healthy individuals has always been challenged. It is known that the possibility of carnitine 
deficiency in skeletal muscle of healthy subjects is low after any level of exercise (15). A review study states that healthy yet 
sedentary subjects and non-athletes do not benefit from carnitine supplementation (17). However, another study on animal 
species has shown that the benefits of L-carnitine supplementation in the athletic rabbits are far more than those of non-
athletic rabbits (25). Following high-intensity exercise, although the concentration of free muscular carnitine decreases it is 
compensated due to proportionate increase of acylcarnitine. As a result the total muscular carnitine remains unchanged during 
intense exercise or endurance training (15).  
 
Conclusion  
 

In spite of 20 years of study, there is still no conclusive evidence based demonstrating the effect of carnitine 
supplementation on improving or enhancing exercise performance in healthy subjects. In this regard, most studies have failed 
to describe how exercise performance is improved in healthy subjects due to supplementation. The findings of the study also 
indicate that chronic carnitine supplementation does not influence substrate consumption and lipid oxidative capacity in 
healthy subjects. This evidence is probably associated with carbohydrate oxidation and glycogen reserves of the body 
remaining unchanged.  
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