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ABSTRACT 

 
Background and Objective: Long-chain fatty acids are important sources of energy in contracting skeletal muscle. But 
the mechanisms controlling fatty acid uptake and oxidation during various exercise modes are still not completely 
elucidated. The purpose of this investigation was to determine the effects of acute L-carnitine L-tartrate (LCLT) 
supplementation (3g) on fat metabolism and aerobic capacity. 
Methods: Thirty four healthy none-active boys consist of experimental (n=16) and placebo (n=14) performed 22 min of 
exercise (%70VO2max) on 2 separate occasions. 1) All subjects performed exercise test without supplementation. 2) 
Exercise test performed 60 min after LCLT supplementation (3g) or saline supplementation in experimental and placebo 
group by orderly. Free fatty acid (FFA), triglyceride (TG), lipase, total cholesterol (TC), low density lipoprotein (LDL) 
and high density lipoprotein (HDL) were immediately measured after each exercise test finished. Resting and exercise 
heart rate and VO2max also calculated by exercise test. Statistical analysis was performed using an independent and 
paired T-test (P<0.05). 
Results: All biochemical and physiological variables were similar in two groups in first exercise test. No significant 
differences were found in all independent variables (FFA, TG, TC, LDL, HDL, VO2max and heart rate) between first 
and second exercise test (P>0.05). 
Conclusion: Based on these data, it seems that acute L-carnitine supplementation does not affect fat or carbohydrate 
metabolism or endurance performance in healthy subjects. 
Keywords: Exercise capacity, Carnitine, Metabolism. 

 
INTRODUCTION 

 
Depletion of muscle and liver glycogen reserves is not considered to be among fatigue factors during short-time 

exercise. During prolonged exercise, these reserves are depleted at a faster pace and the depletion of these reserves 
during such activities is associated with fatigue phenomenon (1). Increasing the carbohydrate reserves before prolonged 
exercise in different ways, such as carbohydrate rich diet or glycogen loading undoubtedly delays the depletion of 
reserves during prolonged endurance exercise which enables amplified performance before the onset of fatigue and this 
is a major aspiration for endurance athletes (2, 3).  

On the other hand, some studies suggest that the level of carbohydrate oxidation during exercise is to some extent 
dependent on the level of free fatty acid (FFA) availability (4). In other words, increased energy yield of FFA 
metabolism or fat oxidation against specific work, is associated with reduced carbohydrate oxidation and alternately 
delay in the process of carbohydrate or glycogen depletion and fatigue phenomenon (3). Hence, creating optimal 
conditions for maintenance of carbohydrate reserves during prolonged exercise as a result of increased consumption of 
FFA has been the subject of the study of many researchers and experts in sports sciences and biochemistry. For this 
purpose, different methods such as fasting, ingestion of long-chain triglyceride solutions and infusion of intralipid 
emultions (5), caffeine or choline ingestion (6) and arginine (7) have been investigated.  

FFA transport into the mitochondrial membrane is a key stage in fat oxidation (4). Hence, another method of 
increasing energy yield or fat oxidation, is trying to transfer more FFA into the mitochondrial matrix. Carnitine (L-3-
hydroxytrimethylamminobutanoate) is an amino acid that is synthesized from amino acids lysine and methionine in 
mammalian or is absorbed through the diet (8) and appropriate supplementation of it has no side effects (9, 10). L-
carnitine is the physiologically active form of carnitine and plays an important role in the rate of fat oxidation due to its 
capability in transferring FFA from Cytosol into mitochondria (11,12). L-Carnitine has a half-life of 2 to 15 hours (13) 
and its supplementation effect on athletic performance at time spells of one hour (14) and two hours (15) before the 
exercise test have been studied in other studies. For this purpose, some studies have looked into the effect of daily 
consumption of 4 g (16), 5 g (17) and 2 g (18) of L-carnitine on carbohydrate - fat metabolism and exercise performance 
have been studied. Some studies have indicated that by stimulating and increasing FFA transport into the mitochondria, 
L-carnitine supplementation leads to increased fat oxidation, decreased glucose and glycogen stores, delay onset of 
fatigue and improved athletic performance (19). The findings of Gomez et al (2000) study show that carnitine 
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supplementation increases aerobic capacity (VO2max) during prolonged activity by stimulating fat oxidation (20). 
Besides, findings of Brad (2008) showed that supplementation of 3 gram of L-carnitine would not lead to any changes in 
carbohydrate or fat oxidation and endurance performance during the sub-maximal activity (21). Other studies have also 
reported that carnitine supplementation would not lead to any changes in the levels of FFA, glycerol and plasma glucose, 
blood pressure, VO2 and other physiological parameters or blood circulation metabolites (22, 23).  Also Erglo’s study 
(2008) showed that supplementation of 2 grams of L-carnitine would not lead to any changes in maximal oxygen 
consumption and blood lactate levels and other metabolic factors (24).  

Reviewing research studies in this field is indicative of the fact that the findings related to the impact of induction 
of carnitine on substrate consumption and endurance performance during sub-maximal exercise are heterogeneous and 
contradictory. It seems that the differences in exercise methodology and intake of supplements are the important factors 
causing disparity in the findings. Hence, the present study is conducted with aim to investigation effect of 
supplementation of 3 gram of L-carnitine on plasma concentrations of FFA and triglycerides as well as other components 
of fat oxidative metabolism and the other physiological factors.    
 

MATERIALS AND METHODS 
 

Thirty four none-active healthy boys (20±1.2 years mean ± standard error, BMI = 24±2 kg/m2) participated in the 
study. Participants were included if they had not been involved in regular physical activity/diet in the previous 6 months. 
This study was conducted to test whether acute L-carnitine L-tartrate improves exercise capacity (assessed by maximal 
rate of oxygen consumption [VO(2max)]) and fat metabolism during a submaximal cycling exercise.  

There were no dropouts or injuries. Subjects with a history or clinical evidence of impaired fasting glucose or 
diabetes, orthopedic abnormalities, recent myocardial infarction, congestive heart failure, active liver or kidney disease, 
growth hormone deficiency or excess, neuroendocrine tumor and anemia were excluded. Written consent was obtained 
from each subject after the experimental procedures and possible risks and benefits were clearly explained. Daily food 
records were kept for 48 h preceding each test session, and subjects were instructed to refrain from caffeine consumption 
and intense physical activity for 24 h before testing. No difference was observed in the subjects’ diets 48 h before each trial. 

A physical examination including height, weight, waist circumference and blood pressure was performed before 
the study. Resting heart rate (HR) was measured after a 15-min rest in a sitting position and in a quiet environment. In 
this randomized, placebo-controlled, double-blind crossover design, participants were divided into experimental (n=16) 
and placebo (n=14) performed 22 min of exercise (%70VO2max) on 2 separate occasions. In fact, each subject participated 
in two experimental trials, separated by 10 days. 1) All subjects performed exercise test without supplementation. 2) 
Exercise test performed 60 min after LCLT supplementation (3g) or saline supplementation in experimental and placebo 
group by orderly. 

A venous blood sample was immediately collected after each cycling test from all the subjects for measuring free 
fatty acid, triglyceride, lipase, total cholesterol, low density lipoprotein and high density lipoprotein. Glucose was 
determined by the oxidase method. Total cholesterol, HDL and LDL cholesterol and triglyceride were measured using 
the colorimetric enzymatic method. Exercise heart rate and VO2max also calculated by exercise test. Statistical analysis 
was performed using an independent and paired T-test (P<0.05). 
 
Statistical analysis: 

All values are represented as mean ± SD. Statistical analysis was performed with the SPSS software version 15.0 
An Independent sample T-test was used to compare the variables between experimental and placebo groups. Paired T-
test used to determine significant differences in each variable between first and second cycling test. When a signigcant F 
ratio was obtained, the Tukey post hoc test was used to compare means. A p-value < 0.05 was considered to be 
statistically significant. 
 

RESULTS 
 

Findings from independent t-test showed that baseline levels (first exercise test) of lipid profile (HDL, LDL, TC, 
and TG), anthropometrical indexes and physiological characteristics (rest and exercise heart rate and VO2max) did not 
differ between the placebo and experimental groups (p ≥ 0.05). Table 1 shows the descriptive anthropometric, 
physiological and biochemical characteristics in first and second exercise test of the study groups. The finding by paired 
T-test showed that plasma FFA concentration did not change during cycling by L-carnitine supplementation in 
experimental group (p ≥ 0.05). O the other hand, 3g oral L-carnitine ingestion does not affect plasma FFA concentration 
during exercise. Maximal oxygen consumption (VO2max) as a determinative index of cardiovascular fitness also did not 
significant change by L-carnitine supplementation during exercise in second exercise in experimental group (p ≥ 0.05). 
In addition, there were no changes significantly in the other variables such as total cholesterol, HDL and LDL 
cholesterol, triglyceride, Lipase, and resting and exercise heart rate by L-carnitine supplementation during exercise in 
experimental groups (p ≥ 0.05). All variables remained without change in placebo groups (p ≥ 0.05). 
 
 
 
 



J. Appl. Environ. Biol. Sci., 1(12)695-699, 2011 
 

 

 
 

 
DISCUSSION AND CONCLUSION 

 
The findings of this study indicate that L- carnitine supplementation (3 g) has no effect on plasma FFA 

concentration during sub-maximal exercise. In recent years, many studies have been conducted on L-carnitine 
supplementation to examine whether increased L-carnitine availability could boost fat oxidation during prolonged 
exercise, save glycogen reserves and delay the onset of fatigue. Because of the vital function of carnitine in FA oxidation 
and because muscle fat oxidation correlates with the carnitine concentration, L-carnitine (physiologically active form of 
carnitine) supplementation has been proposed as a tool stimulate FA oxidation during exercise. Increased FFA oxidation 
would also save glycogen and put off fatigue.  

On the other hand, it is still hypothesized that increased plasma concentration of free carnitine improves athletic 
performance (11). In this respect, some studies suggested that L-carnitine through stimulation of FFA transfer into the 
mitochondria during prolonged activity, consuming this supplement decreases consumption of blood glucose as well as 
liver and muscle glycogen and ultimately also spare glycogen and postpone fatigue. (11, 19). 

Efficient consumption of fuel substrates by skeletal muscle during exercise to produce ATP is dependent on 
adequate carnitine supplies of the body (25). It appears that reduced blood triglyceride concentration during exercise 
reflects that it is transformed into free fatty acid (2). In this study, L-carnitine supplementation did not result in a change 
in plasma triglyceride concentration.  

The findings of some studies suggest that L-carnitine supplementation leads to a significant reduction in plasma 
triglycerides (7), increased FFA consumption (26), improved lipid profile (27), regulation of LDL consumption (28), 
reduced total cholesterol and increased HDL (29) and increased exhaustion time (26).  

But some studies indicate no change in FFA availability (23), carbohydrate or fat oxidation (21, 22, 30) and other 
blood metabolites (22, 23). The study of Soop et al showed that although supplementation of 5 grams of L-carnitine for 5 
days doubled plasma carnitine levels, it did not result in any change in FFA levels during exercise (17).  

Maximum oxygen consumption and heart rate are the chief indicators of cardiovascular fitness and improving 
these variables is a sign of enhanced aerobic fitness and endurance performance of athletic, non-athletic or ailing 
individuals (2). Some studies report the increase in VO2max (31, 32), reduction of lactate (31), lowered respiratory 
exchange ratio (23) and reduced heart rate (33) during exercise following L-carnitine supplementation. Consistent with 
these findings (15, 22, 22, 34), our study findings also show that this kind of supplementation would not bring about any 
change in the values of these variables. In other words they highlight its failure to improve cardiovascular fitness or 
endurance performance.  

Most studies indicate that tissue carnitine concentrations do not change in prolonged exercise; however great 
interindividual variation occurs. These results also confirmed by some recent studies indicating that there is no 
substantial reduction of carnitine and its esters from the exercising muscles. During high intensity exercise muscle free 
carnitine concentration decreases to extremely low level but this decline is made up for by a proportional increase in 
acylcarnitines. In actual fact, total muscle carnitine does not change with the high metabolic fluctuation associated with 
high-intensity or endurance exercise. Therefore, carnitine deficiency in skeletal muscle does not seem very likely after 
any level of exercise in healthy individuals.  

The ergogenic effect of carnitine supplementation in people who are sick or suffer some kind of carnitine 
deficiency has repeatedly been demonstrated (34, 35I 36). Although carnitine plays a vital role in the transfer of FFA 
into mitochondria and fat oxidation and is widely used by athletes, there is still little conclusive evidence confirming the 
ergogenic benefits of its supplementation in healthy subjects and the energy generation benefits of carnitine more or less 
remain only a hypothesis. Some studies also suggest that athletes who are in prolonged athletic performance condition 
undergo decreased plasma carnitine levels, but this decrease would not negatively impact athletic performance (37). It 
seems that in healthy individuals, increased demand for fatty acid oxidation during exercise is fulfilled by body’s normal 
levels of carnitine (22). The findings of this study showed that short-term (acute) L-carnitine supplementation would not 
cause any changes in plasma levels of lipid metabolic variables during sub-maximal exercise nor would it improve 
endurance performance. The contradiction between the findings of the studies in this field seems to be because of 
differences in methodology and exercise tests, the dosage or duration of consuming this supplement and it requires that 

Table 1: Anthropometric, physiological and biochemical characteristics in first and second exercise test 
of the study groups 

Variables Placebo group 
First exercise        second exercise 

Experimental group 
First exercise         second exercise 

Rest heart rate (bpm) 73 ± 6 72 ± 8 70 ± 7 68 ± 7 
Exercise heart rate (bpm) 167 ± 14  164 ± 12 163 ± 16 160 ± 15 

VO2max (L/min) 34 ± 7 33 ± 8 35 ± 9 36 ± 11 
FFA (mm/L) 0.66 ± 0.14 0.72 ± 0.13 0.72 ± 0.14 0.69 ± 0.21 
TG (mg/dL) 155 ± 44 171 ± 46 158 ± 46 155 ± 47 
TC (mg/dL) 147 ± 25 191 ± 41 174 ± 38 198 ± 28  

Lipase () 139 ± 23 141 ± 37 151 ± 43 142 ± 31 
LDL (mg/dL) 85 ± 19 110 ± 28 98 ± 22 117 ± 31 
HDL (mg/dL) 43 ± 6 49 ± 6 48 ± 7 49 ± 5 
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future studies be conducted in compliance with all aspects in addition to concomitant measurement of fat and 
carbohydrate metabolic variables.  
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