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Objective: This study investigated the effect of two weeks of L-carnitine
Supplementation on muscle damage markers, specifically creatine kinase (CK) and
lactate dehydrogenase (LDH), following intense aerobic activity in female karate
athletes.

Methods and Materials: This experimental study employed a repeated-measures
design with a control group. Twenty-one female karate athletes from Mashhad were
selected based on inclusion criteria and randomly assigned to either the L-carnitine
or placebo group. For 14 days, the L-carnitine group received 2 grams of L-carnitine
daily in capsule form, while the placebo group received 2 grams of starch capsules.
On day 15, participants underwent a fasting blood draw before performing an
endurance running test. Subsequent blood samples were collected at 5 minutes, 2
hours, and 24 hours' post-endurance test. Data analysis was performed using
repeated-measures ANOVA with SPSS version 24, with a significance level set at
p<0.05.

Findings: The results indicated a significant increase in CK and LDH levels
immediately after activity compared to immediately before activity within the L-
carnitine group (p<0.05). No other significant differences were observed in
subsequent pairwise comparisons within this group. Conversely, the placebo group
showed significant increases in CK and LDH levels immediately, 2 hours, and 24
hours after activity compared to two weeks prior to the activity (p<0.05).
Furthermore, a significant difference was observed between the L-carnitine and
placebo groups for CK and LDH levels immediately, 2 hours, and 24 hours after
activity, with significantly higher values in the placebo group.

Conclusion: These findings suggest that two weeks of L-carnitine
Supplementation at a dose of 2 grams may potentially help prevent further muscle
breakdown up to 24 hours following intense aerobic activity.
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1. Introduction

or many years, exercise scientists have investigated the

potential of antioxidants to counteract the effects of
reactive oxygen species (ROS) during physical activity.
These investigations have spanned areas such as muscle
damage, muscle fatigue, lipid peroxidation, and protein
damage. However, despite extensive research, there remains
considerable debate among researchers regarding the
efficacy of the body's endogenous antioxidant system in
combating activity-induced free radicals, and the
effectiveness of antioxidant dietary supplementations in
mitigating exercise-induced oxidative stress and subsequent
muscle damage(1). Some researchers contend that dietary
antioxidant Supplementation has no impact on oxidative
stress; indeed, a few studies have even reported that such
supplementations can exacerbate oxidative  stress.
Conversely, other researchers hypothesize that the body's
antioxidant system is overwhelmed during intense and
prolonged activities, suggesting that antioxidant
Supplementation could bolster the antioxidant defense
system, thereby reducing oxidative stress and free radical
production, and consequently delaying or even halting the
cellular damage process (2). The majority of research,
however, indicates a beneficial effect of antioxidant
consumption on oxidative stress. In recent years, various
nutritional supplementations have been introduced to
enhance athletic performance, with L-carnitine emerging as
a prominent ergogenic aid (3). L-carnitine is a potent
antioxidant, structurally composed of carnitine and short-
chain acylcarnitines (4). It is endogenously synthesized in
the human body from the amino acids lysine and methionine.
Its potential antioxidant properties include protecting
cardiac endothelial cells from oxidative stress and
myocardial injury (5), reducing doxorubicin-induced liver
damage, treating neurological disorders, male infertility,
Alzheimer's disease, and improving fatty liver disease (6).
Furthermore, L-carnitine may help prevent and reduce
ischemia-reperfusion injury (7). Regarding lipid profiles,
Lee et al. (2016) demonstrated that daily consumption of
1000 mg of L-carnitine significantly increased high-density
lipoprotein (HDL) and slightly decreased triglycerides in
patients with coronary artery disease (8). Elevated HDL
levels are indicative of a healthy circulatory system, while
increased plasma triglycerides are associated with
cardiovascular diseases (9). L-carnitine exerts its antioxidant
effects by reducing the activity of superoxide dismutase
(SOD) and catalase (CAT), enzymes crucial for detoxifying
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hydrogen peroxide (H202), thereby protecting body cells
from oxidative stress. This supplementation also contributes
to improved athletic performance by lowering
malondialdehyde (MDA) levels, a recognized marker of
oxidative stress. In the context of inflammation,
inflammatory responses are vital for host defense and tissue
homeostasis. L-carnitine aids in reducing inflammation by
decreasing the production of reactive oxygen species (ROS)
and inhibiting inflammatory pathways such as nuclear
factor-kappa B (NF-kB) (10). A study by Asjadi et al.
(2023) found that L-carnitine Supplementation prior to
exercise enhanced fat oxidation more than carbohydrate
oxidation in young obese men compared to normal-weight
young men (11). Chow et al. (2001) reported a significant
increase in plasma free fatty acid (FFA) concentrations
following L-carnitine intake, which was accompanied by a
considerable improvement in fat utilization during rest (12).
Furthermore, Assuncdo et al. (2007) noted a significant
increase in total antioxidant capacity (TAC) from pre-
competition to immediately and one hour post-competition
(13). Given the limited number of studies, there appears to
be a scarcity of research specifically investigating how L-
carnitine consumption influences oxidative stress induced
by intense aerobic activity. Moreover, consistent and precise
findings regarding the impact of L-carnitine on athletic
performance in aerobic activities are lacking. Most existing
studies in this area have primarily examined the effects of L-
carnitine on submaximal aerobic activities. Therefore,
considering these points, there is a clear need for further
research to explore the antioxidant effects of L-carnitine on
exercise-induced oxidative stress.

Karate is a high-intensity martial art characterized by
rapid accelerations, explosive kicks, and frequent eccentric
muscle contractions, all of which contribute to significant
muscular fatigue and damage. Studies have demonstrated
that both male and female karate athletes experience
elevated levels of creatine kinase (CK) and lactate
dehydrogenase (LDH) following competitive matches or
intensive training sessions, reflecting increased membrane
permeability and muscle fiber disruption(14, 15). In
particular, female karate athletes may be more prone to post-
exercise muscle damage due to physiological and hormonal
differences, making them an important demographic for
research into recovery strategies (15). Given the physical
demands of karate and the potential protective effects of
antioxidants such as L-carnitine, this study aimed to evaluate
the impact of two weeks of L-carnitine supplementation on
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selected muscle damage markers following intense aerobic
activity in female karate practitioners.

2. Methods and Materials
2.1  Study Design and Participants

This study employed an experimental research design
with repeated measures and a control group, conducted as a
randomized, single-blind study. It involved two distinct
groups: a placebo group and a Supplementation group. The
target population for this research comprised female karate
athletes residing in Mashhad. An open invitation was
extended to prospective participants, requesting their
presence at the Exercise Physiology Laboratory on a
specified date. From the volunteers, 21 individuals who met
the inclusion criteria were meticulously selected and
randomly assigned to either the supplementation group
(n=10) or the placebo group (n=11).

Participants were selected based on specific inclusion and
exclusion criteria to ensure homogeneity within the sample
and enhance the validity of the results. Female karate
athletes aged between 18 and 30 years were recruited from
local karate clubs in Mashhad, Iran. All participants were
required to complete a written informed consent form and a
Physical Activity Readiness Questionnaire (PAR-Q) to
assess their eligibility. The inclusion criteria consisted of:
being within the age range of 18-30 years, having at least
three years of regular karate training experience, maintaining
a normal body mass index (BMI) between 19 and 25 kg/mz,
achieving a maximal oxygen uptake (VO:max) greater than
40 ml/kg/min as determined by the Balke treadmill test,
having no history of chronic diseases or musculoskeletal
injuries in the past month, not using antioxidant supplements
or anti-inflammatory medications in the four weeks prior to
the study, and not being pregnant or breastfeeding, which
was confirmed via blood testing. Exclusion criteria included
the presence of cardiovascular, metabolic, or neuromuscular
disorders, use of corticosteroids, nonsteroidal anti-
inflammatory  drugs (NSAIDs), or anticoagulant
medications, self-reported muscle injury or infection during
the experimental period, failure to comply with the
supplementation protocol or dietary instructions, and any
changes to the habitual training regimen throughout the
course of the study.
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2.2 Executive Protocol

After providing informed consent and receiving a
comprehensive briefing on the study's objectives and
procedures, participants’ Body Mass Index (BMI) and
maximal oxygen uptake (VO2max) were assessed using the
Balke test. Prior to the commencement of supplementation
and the intense aerobic activity, participants attended the
laboratory for their initial blood collection, where
approximately seven cubic centimeters of blood were drawn
from the antecubital vein. This initial collection served as a
baseline. For 14 consecutive days, participants in the
supplementation group consumed 2 grams of L-carnitine
daily in capsule form, while the placebo group received 2
grams of starch capsules. On day 15, a fasting blood sample
was collected from all participants just before the endurance
test. Following this, all participants consumed an identical,
standardized breakfast to ensure nutritional consistency.
Two and a half hours later, they proceeded to perform the
main aerobic test. Immediately upon completing this
strenuous endurance test, a third blood sample was collected.
Subsequent blood collections were performed 2 hours and
24 hours (fasting) after the main protocol. Plasma separation
was efficiently conducted at the Exercise Physiology
Laboratory, and all collected serum and plasma samples
from each participant were diligently stored at -70°C until
required for creatine kinase (CK) and lactate dehydrogenase
(LDH) measurements , preserving their integrity for accurate
analysis.

2.3 Blood Sampling and Evaluation Analysis

Blood samples were systematically collected at critical
junctures throughout the study to track physiological
changes. An initial baseline blood collection was performed
prior to the commencement of supplementation and the
strenuous aerobic activity. On day 15, a fasting blood sample
was drawn just before the endurance test. Immediately upon
completing the demanding endurance test, a third blood
sample was collected to assess immediate post-exercise
responses. Further blood collections were precisely
performed 2 hours and 24 hours (fasting) after the main
protocol. Approximately seven cubic centimeters of blood
were drawn from the antecubital vein for each sampling
point. Following collection, plasma separation was
efficiently conducted at the Exercise Physiology Laboratory.
All collected serum and plasma samples from each
participant were then meticulously stored at -70°C to
preserve their integrity until required for analysis. Creatine
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kinase (CK) and lactate dehydrogenase (LDH) levels were
subsequently measured using a spectrophotometer with a
photometric method, operating at a wavelength of 340 nm.
For both enzymes, non-hemolyzed serum or heparinized
plasma samples were specifically utilized to ensure the
accuracy and reliability of the measurements

2.4 Supplementation

To ensure consistency and maximize the reliability of the
findings, participants were instructed to consume the L-
carnitine or placebo capsules daily at approximately the
same time in the morning, within 30 minutes after breakfast,
under supervision at the laboratory. Furthermore, to control
for potential dietary influences on muscle damage markers,
all participants were asked to maintain their habitual dietary
patterns throughout the 14-day supplementation period. A
standardized breakfast was provided to all participants on
each testing day, including the days of blood sampling and
the endurance test. Additionally, participants completed a 3-
day dietary recall questionnaire before and during the
supplementation period to monitor caloric intake,
macronutrient distribution, and antioxidant consumption. No
significant differences were observed between groups
regarding total caloric intake or macronutrient composition.
(16).

2.5  Exercise Interventions

The main aerobic test, central to this study, involved
participants running two laps of a 7-kilometer course,
totaling a demanding 14 kilometers. This intense activity
was performed at each participant's maximum heart rate,
which was meticulously monitored throughout the test using
a heart rate monitor to ensure consistent effort levels. This
strenuous endurance test was conducted two and a half hours
after all participants had consumed an identical, standardized
breakfast on day 15 of the study, following the 14-day
Supplementation period(17). The warm-up consisted of 5
minutes of light jogging at a self-selected pace followed by
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dynamic stretching exercises targeting major lower limb
muscle groups, including leg swings, walking lunges, high
knees, and hamstring pulls. This was followed by 5 minutes
of low-intensity running at approximately 40-50% of
maximum heart rate to gradually elevate core temperature
and prepare the musculoskeletal system for the upcoming
strenuous activity. After completion of the 14-kilometer
endurance run, participants engaged in a 10-minute cool-
down , which included light jogging (at approximately 30—
40% of maximum heart rate) for 5 minutes, followed by
static stretching of the major lower body muscles
(hamstrings, quadriceps, calves, and hip flexors).

2.6 Data Analysis

For the data analysis, individual participant
characteristics were comprehensively analyzed using
descriptive statistics, providing an initial overview of the
sample. To rigorously confirm the normality of the data
distribution, the  Kolmogorov-Smirnov  test  was
meticulously applied. Independent t-tests were conducted to
examine baseline differences between the two groups
(supplementation vs. placebo), ensuring comparability prior
to the intervention. The primary method for assessing the
effects of the intervention on the dependent variables was
repeated-measures analysis of variance (ANOVA), which is
particularly suited for designs involving multiple
measurements from the same subjects over time. All
statistical analyses were diligently performed using SPSS
software, version 24, a widely recognized and robust
statistical package. The level of significance for all tests was
strictly set at p<0.05, indicating that a result was considered
statistically significant if the probability of obtaining it by
chance was less than 5%.

3.  Results

Table 1 presents the descriptive statistics for age, height,
weight, body mass index (BMI), and VO2max for
participants in both groups.

Table 1. The descriptive statistics for age, height, weight, body mass index (BMI), and VO2max

Variable Group Mean + SD
Height (cm) Supplementation 165.2+4.1
Placebo 164.8+£3.9
Weight (kg) Supplementation 58.5+3.2
Placebo 59.1+3.5
Body Mass Index (kg/m?) Supplementation 21.4+1.2
Placebo 21.8+1.3
Maximal Oxygen Uptake (ml/kg/min) Supplementation 42.5+1.8
Placebo 42.1+1.9
INTJSSH
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Each Measurement Time

International Journal of Sport Studies for Health, 2025, VOL. 8, NO. 3, 1-8

Table 2. CK and LDH Concentration (International Units/Liter) in Two Groups at Each Measurement Time (MeanxSD)

Measurement Time

CK Units/Liter

LDH Units/Liter

Placebo Supplementation Placebo Supplementation
First Measurement (Base) 92.72+19.58 92.39+23.03 0.83+0.20 0.71+0.37
Second Measurement (PreTest) 82.71+24.13 75.95+24.69 0.82+0.10 0.7940.25
Third Measurement (PostTest) 422.73+166.06 399.38+20.76 1.50+0.23 1.06+0.29
Fourth Measurement (2 hours after activity) 227.41+41.28 181.51+41.91 1.26+0.22 0.98+0.24
Fifth Measurement (24 hours after activity) 169.31+70.36 72.79+14.72 1.42+0.26 0.96+0.25

As shown in figurel, the Bonferroni post-hoc test
revealed significant increases in creatine kinase (CK) levels
in the L-carnitine group at immediate post-activity, 2 hours,
and 24 hours' post-activity compared to both two weeks and
immediately pre-activity measurements (p<0.05). Similarly,
in the placebo group, CK levels significantly increased at
immediate post-activity, 2 hours, and 24 hours' post-activity
relative to both two weeks and immediately pre-activity

measurements (p<0.05). Furthermore, within the placebo
group, a significant increase in CK levels was observed at 24
hours' post-activity compared to immediately post-activity.
Also the independent t-test comparing CK levels between
the L-carnitine and placebo groups showed a significant
difference in blood CK levels 24 hours after intense aerobic
activity. Specifically, CK levels were significantly higher in
the placebo group.

800 -
700 A
600 -
500 A

Ui

400 -
300 A
200 A
100 -

) [l [l

Base Pre

CK OFlacebo
B Camitine
+
Post 2h 24 h

Figure 1. CK concentrations in both groups at each measurement time point

Figure 1 shows the CK concentrations in both groups at
each measurement time point (p<0.05). The symbol *
indicates a significant increase in CK in both groups
compared to immediately pre-activity. The symbol t
denotes a significant increase in CK in the placebo group
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compared to the L-carnitine group at 24 hours' post-activity,
relative to 2 hours post-activity. The time points are defined
as follows: Base: 2 weeks before activity, Pre: Immediately
before activity, Post: Immediately after activity, h2: 2 hours
after activity, and 24 h: 24 hours after activity.
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Figure 2. Bonferroni post-hoc test for LDH

Figure 2 shows the Bonferroni post-hoc test for LDH that
in the L-carnitine group, lactate dehydrogenase (LDH) levels
significantly increased immediately after activity compared
to immediately before activity (p<0.05). No other significant

differences were observed in subsequent pairwise
comparisons within this group.
Conversely, in the placebo group, LDH levels

significantly increased immediately, 2 hours, and 24 hours
after activity compared to two weeks prior to the activity
(p<0.05). Furthermore, significant increases in LDH levels
were also observed in the placebo group immediately, 2
hours, and 24 hours after activity when compared to
immediately before activity.

An independent t-test comparing LDH levels between the
L-carnitine and placebo groups revealed significant
differences in blood LDH levels immediately, 2 hours, and
24 hours after intense aerobic activity. LDH levels were
significantly higher in the placebo group at these time points.

4. Discussion and Conclusion

The primary objective of the present study was to
investigate the effect of two weeks of L-carnitine
supplementation on creatine kinase (CK) and lactate
dehydrogenase (LDH) levels following intense aerobic
activity in female Kkarate athletes. Regarding CK
concentration, the findings revealed no significant difference
in CK levels between the two groups before the initiation of
L-carnitine or placebo consumption. Consistent with almost
all prior research, blood CK levels typically increase after
intense or prolonged exercise. In the current study, a
significant elevation in blood CK levels was observed in
both groups immediately post-activity, indicating that the
exercise protocol utilized induced muscle damage and
oxidative stress. Notably, 24 hours' post-activity, blood CK
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levels in the supplement group exhibited a reduction,
whereas the placebo group still showed a significant increase
compared to pre-activity levels. This finding aligns with the
research by Petersen (2001) and Tsakiris et al. (2006). The
observed effect of L-carnitine supplementation on blood CK
levels may suggest an influence on lipid peroxidation (18,
19). Cell membrane disruption due to lipid peroxidation can
lead to increased efflux of CK from cells into the
bloodstream. L-carnitine has been shown to prevent the
increase of malondialdehyde (MDA), a key indicator of lipid
peroxidation. In essence, L-carnitine, through its antioxidant
properties, mitigates exercise-induced lipid peroxidation,
thereby protecting cell membranes. This protective effect
consequently reduces the leakage of CK from cell
membranes into the blood (20). Therefore, the observed
reduction in CK levels in the supplement group 24 hours
post-activity appears biologically plausible. This suggests
that two weeks of L-carnitine supplementation at a dose of 2
grams may potentially prevent further muscle degradation
24 hours after activity. Concerning lactate dehydrogenase
(LDH) enzyme activity, our findings indicated no significant
difference in LDH activity between the two groups before L-
carnitine or placebo administration. However, in the placebo
group, LDH levels significantly increased immediately, 2
hours, and 24 hours after activity compared to two weeks
prior to the activity. Furthermore, significant increases in
LDH were observed immediately, 2 hours, and 24 hours
post-activity compared to immediately pre-activity in the
placebo group. Walshojerdt et al. investigated the effect of
L-carnitine on reducing platelet contamination over a 5-day
period. They found a significant reduction in dehydrogenase
enzyme activity in the platelet environment after 5 days in
L-carnitine-treated groups compared to the control group
(21). Similarly, Klaus.et al (2010) observed in their research
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that when cell membranes are damaged, dehydrogenase
enzyme activity increases from the cytoplasm to the plasma,
and the addition of L-carnitine to platelets under storage
conditions leads to an improvement in platelet membrane
damage (22). In the present study, the effect of L-carnitine
on dehydrogenase enzyme activity was statistically
significant. The results pertaining to the antioxidant
protective effect of L-carnitine against the inhibition of
dehydrogenase enzyme activity in platelets were consistent
with findings from other studies in this field(23)

The findings of this study indicate that two weeks of L-
carnitine supplementation at a dose of 2 grams per day may
exert protective effects against exercise-induced muscle
damage, as evidenced by significantly lower increases in
creatine kinase (CK) and lactate dehydrogenase (LDH)
levels following intense aerobic activity in female karate
athletes compared to the placebo group. These results
support the hypothesis that L-carnitine, through its
antioxidant properties, can mitigate oxidative stress and
subsequent cellular membrane disruption, thereby reducing
the efflux of intracellular enzymes such as CK and LDH into
the bloodstream
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