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ABSTRACT

Purposes: In obesity, individuals experience a decrease in fat oxidation relative to
carbohydrates during exercise. The purpose of this study was to evaluate the effects
of acute L-carnitine supplementation with incremental treadmill tests on fat and
carbohydrate metabolism in overweight and normal-weight young men.
Materials and Methods: 24 young men were randomly allocated to two groups:
obese (n=12) and normal (n=12). The training protocol and evaluations were
performed in two sessions in a double-blind design. Participants ingested 3 grams
of L-carnitine or a placebo for 90 minutes before the exercise protocol. For this
purpose, the modified Bruce test was used. After 10 days (washout period), the
same procedures were repeated, so that the subjects of the supplement group were
substituted with the placebo in a cross-over manner. The analysis of fat and
carbohydrate metabolism was performed by measuring respiratory gases. An
independent t-test was used to compare group differences (p < 0.05).

Results: Acute L-carnitine supplementation with progressive training caused
significant improvements in RER (p = 0.005), MFO (p = 0.044), and Carbohydrate
Oxidation indices (p = 0.03) in the obese group compared to the normal group. But
in Fat max and MFO time indices, despite a slight increase in both groups after
supplementation, the two groups were not significantly different from each other.
Conclusion: Acute L-carnitine supplementation at a dose of 3 g 90 minutes before
training probably increases fat oxidation more than carbohydrate oxidation in obese
young men than normal young men.

Keywords: Obesity, L-carnitine, progressive exercise, RER, Fat Oxidation,
Carbohydrate Oxidation
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Extended abstract
Background: Obesity is a clinical condition that is affected by many factors such as genetics,
hormones, physiology, the environment, and even socioeconomic status. Currently, the World Health

Organization identifies obesity and its complications as one of the major health problems (1).

Exercise is always one of the main factors that can counteract the problems associated with obesity
by affecting the oxidation of fats and carbohydrates, as well as increasing energy consumption (1).

Energy consumption during physical activity is mainly provided by the metabolic combination of fats
and carbohydrates and the share of each of these two sources is determined through diet, muscle
glycogen stores, and type of activity. However, other factors such as the type of substrate, the type of
muscle fiber, the amount of fat absorbed from the diet, plasma lactate, and the concentration of free
fatty acids are also important in the oxidation of fats or carbohydrates. In obese people, fat oxidation
decreases with increasing free fatty acid and Malonyl-CoA concentrations. For this reason,
researchers consider the use of some supplements to increase fat oxidation (6-8).

L-Carnitine (L-3-hydroxy 4-N-trimethylamino butyrate) is one of the supplements that is claimed to
help improve obesity by affecting the metabolic pathway during physical activity. Given that carnitine
is essential for fatty acid transmembrane transport, changes in muscle-free carnitine availability may
help regulate fatty acid oxidation (8).

Due to the tendency of most people to exercise to lose weight and, on the other hand, the importance
of using fatty acids as the main fuel for energy production and maintenance of glucose to restore
glycogen stores after exercise, conducting more research in this field can be helpful. Thus, the current
study investigated the effects of acute L-carnitine supplementation with progressive training on fat
and carbohydrate metabolism in obese and normal-weight healthy young men.

Methodology:The sample consisted of 24 participants (12 obese and 12 normal). Subjects
participated in the study with informed consent. This research was a quasi-experimental cross-
sectional and double-blind study. Subjects signed the written consent form. Before starting the
protocol and supplementation, descriptive variables such as height, weight, and fat percentage of the
subjects were measured by an experienced anthropometrist. The measurement of fat percentage was
estimated by the caliper tool and using the four-point model of Jackson and Pollock (20). Eventually,
participants were divided into two equal groups (n=12): the obese group and the normal group. For
supplementation, capsules containing 3 grams of L-carnitine were used (21). The placebo capsules
contained 3 grams of dextrose. Supplementation was performed 90 minutes before the training
protocol with 100 ml of water. After ten days (washout period), all stages of the study were repeated.
The modified Bruce test was used along with indirect calorimetry to measure VO2max for each
participant (22). The training steps were continued until the RER value was reached 1 and the subjects
were exhausted. In each training session, 5 to 10 minutes were allocated for a warm-up and 5 minutes
for a cool-down. During the exercise protocol, respiration analysis was performed by the Breath-By-
Breath 3B method using a Power club-HP (COSMOS) gas analyzer.

The rate of maximum fat oxidation (MFO) and the intensity that elicit MFO (FATmax) were also
calculated using the stoichiometric equations of Jeukendrup and Wallis (23). Also, at each stage of
the training protocol, the amount of fat and carbohydrate oxidation was calculated using the elemental
equations of Frayn (24). The percentage of fat and carbohydrate consumed was calculated using the
method introduced by Venibels et al. (2005) (25).

Results: The results of the independent t-test showed that there was a significant difference in RER
(p = 0.005), MFO (p = 0.044), and Carbohydrate Oxidation (p = 0.03) indices in the obese group
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compared to the normal group, but in the Fat max (p = 0.963) and MFO time (p = 0.365) indices,
there were no significant differences between the two groups.

RER levels decreased significantly in the obese group compared to the normal group after L-carnitine
supplementation. The amount of Carbohydrate Oxidation after supplementation in the obese group
compared to the normal group decreased significantly. The amount of MFO after supplementation in

the obese group increased significantly compared to the normal group. Also, after acute L-carnitine

supplementation, although Fat max and MFO time increased slightly in both groups compared to
when they took a placebo, the increases were not significant in the obese group compared to the
normal group.

Conclusions: L-carnitine stimulates the pyruvate dehydrogenase complex and increases the uptake
of pyruvate into the beta-oxidation pathway, causing more oxygen consumption and oxidation of fats
(27). The findings of this research showed that a higher VO2max in normal people than in obese

people probably indicates optimal use of oxygen in normal people. L-carnitine supplementation can

lead to some delay in fatigue by increasing FFA mitochondrial transport and decreasing glycogen
consumption (28).

Therefore, there is an expectation of a change in the substrate used after consuming L-carnitine. At
the biochemical level, increasing access to fats (following taking this supplement) increases fat
oxidation in muscle. A concomitant increase in acetyl coenzyme A content accompanies this change
in preferred fuel. This acetyl coenzyme A is due to higher lipid beta-oxidation and, consequently, to
the production of more citrate by the Krebs cycle. Elevated acetyl coenzyme A and citrate inhibit the
activity of two key enzymes, glycolysis pyruvate dehydrogenase and, phosphofructokinase.
Inhibition of these two enzymes causes the accumulation of Glucose 6-phosphate in muscle, and as a
result, skeletal muscle tends to consume carbohydrates (30). Carnitine supplementation has been
hypothesized to improve athletic performance in normal humans through various mechanisms,
including increased oxidation of muscle fatty acids, altered glucose homeostasis, increased
acylcarnitine production, improved exercise responses, and altered resistance to muscle fatigue (9).

Fatmax occurs at low training intensities, so it is possible that at low training intensities, the body's
L-carnitine level can meet all the mitochondrial transport needs of fatty acids and that
supplementation has little effect on Fatmax (14). In general, if the purpose of L-carnitine
supplementation is to increase Fatmax, it is better to take it long-term. Because most of the studies
that have reported the lack of effect of this supplement alone on Fatmax have mainly done the
supplement of acute help; Therefore, to solve this limitation and make a definitive statement about
the effect of L-carnitine on Fatmax, it is suggested to implement supplementation chronically (34).

Keywords: Obesity, L-carnitine, progressive exercise, RER, Fat Oxidation, Carbohydrate Oxidation
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