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Research Article
Abstract

Background and Objective: High-intensity interval training is highly effective for improving athletic performance.
However, the substantial mechanical and metabolic stress associated with this training may cause considerable post-exercise
inflammation and transient biochemical disturbances. This study aimed to compare the effects of six weeks of high-intensity
interval training combined with L-arginine supplementation on interleukin-6, interleukin-10, and liver enzyme levels in
soccer players.

Methods: This clinical trial included 20 volunteer semiprofessional soccer players in Mashhad during 2025. Participants
were allocated by simple randomization to either an exercise-plus-supplement group or an exercise-plus-placebo group. The
six-week intervention consisted of three high-intensity interval-training sessions per week. Blood samples were collected at
two time points (pretest and posttest), both at 8:00 a.m. after a 12-hour fast. Cytokine concentrations were measured by
enzyme-linked immunosorbent assay, and the liver enzymes ALT and AST were measured using standard photometric
methods and an autoanalyzer.

Results: At posttest, the exercise-plus-supplement group showed a statistically significant increase in interleukin-10 and a
statistically significant decrease in alanine aminotransferase compared with the placebo group (P<0.05). Within-group
comparisons showed a statistically significant reduction in interleukin-6 in the exercise-plus-supplement group (P<0.05),
whereas no significant change occurred in the exercise-plus-placebo group. Interleukin-10 increased significantly by the end
of the intervention in the exercise-plus-supplement group (P<0.05), but did not change significantly in the exercise-plus-
placebo group. Aspartate aminotransferase and alanine aminotransferase decreased significantly in the exercise-plus-
supplement group (P<0.05), whereas neither enzyme changed significantly in the exercise-plus-placebo group.

Conclusion: Exercise combined with L-arginine supplementation significantly increases interleukin-10 and reduces
interleukin-6 and liver enzyme levels.
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Introduction

High-intensity interval training (HIIT) has become a principal
method of conditioning football players because it efficiently
improves aerobic and anaerobic fitness within a short period.
However, the strenuous nature of this training creates substantial
mechanical and metabolic stress, often resulting in muscle
damage, biochemical disturbances, and intense inflammatory
responses. These adverse responses can ultimately reduce
athletic performance, delay recovery, and, when chronic, cause
overtraining syndrome. Monitoring biochemical markers is a key
means of assessing systemic stress and fatigue caused by
training loads. Alanine aminotransferase and aspartate
aminotransferase, although primarily liver enzymes, are also
used as markers of muscle injury and acute fatigue because they
leak from damaged muscle cells (at lower concentrations) and
participate in hepatic amino acid metabolism. Research has
shown that physical activities, including sports such as football,
can significantly increase blood ALT and AST levels. The acute
inflammatory response to exercise is mainly regulated by
cytokines such as Interleukin 6 (IL-6). IL-6 is secreted by
muscle cells as a signaling cytokine and has traditionally been
regarded as proinflammatory. However, evidence indicates that
the post-exercise increase in IL-6, acting as a myokine, can
stimulate anti-inflammatory pathways. Interleukin-10 (IL-10) is
a major anti-inflammatory cytokine that helps reduce and control
inflammation by inhibiting proinflammatory  cytokines.
Monitoring the balance between IL-6 and IL-10 is increasingly
recognized as an important criterion for assessing athletes'
recovery and immune status.

The effects of exercise on inflammatory markers and cytokines
are highly important for improving metabolic processes. Post-
exercise cytokine expression depends strongly on factors such as
exercise intensity, duration, volume, and training period.

Despite extensive research on the effects of high-intensity
interval training on performance, evidence regarding its chronic
adaptive effect on the dynamic balance of inflammatory
cytokines, such as the IL-6 to IL-10 ratio, remains controversial
and inconsistent in specialized populations such as football
players. Moreover, although L-arginine has been proposed as a
nitric oxide precursor that improves blood flow and oxygen
delivery, its precise role in modulating HIIT-induced systemic
stress, indicated by elevated liver enzymes (ALT and AST), has
not yet been examined concurrently and comprehensively with
inflammatory variables (IL-6 and IL-10).

This study aimed to compare the effects of six weeks of high-
intensity interval training combined with L-arginine
supplementation on IL-6 and IL-10 levels and liver enzymes in
football players.

Methods

This double-blind clinical trial was conducted among 20
volunteer semiprofessional football players aged 18 to 20 years
in Mashhad, Iran during 2025.

Participants were randomized using simple randomization.
They were assigned to two groups of 12, an
exercise+supplement group and an exercise+placebo group;
ultimately, two groups of 10 completed the study.

Both groups completed the same training program for six
weeks, three sessions per week (18 sessions in total), with each
session lasting 30 minutes. On the remaining days, participants
performed only football training. The protocol consisted of two
sets in every week. As progressive overload, weeks one and two
included 6 one-minute repetitions, whereas weeks three through
six included 8 one-minute repetitions. During weeks one and
two, the first 30 seconds of each minute were performed at 100%

Maximal aerobic speed (MAS), increasing to 105% MAS in
weeks three and four and 110% MAS in weeks five and six. The
second 30 seconds were performed at 50% MAS throughout the
training period. A 4-minute rest was provided between sets. The
MAS test is used to assess exercise intensity. For the test, 11
blue cones are placed 20 m apart along a 200-m course, and red
cones are placed 2 m behind each blue cone. The examiner uses
a stopwatch and whistle while an audio signal from a
prerecorded track is played. Beginning at 8.5 km/h, the
frequency of the audio signals increases by 0.5 km/h each
minute until the participant reaches exhaustion; the participant
must pass the red cone before the whistle sounds (every 20 m).
The test ends under 2 conditions: if the participant fails to pass
the red cone twice consecutively or reaches exhaustion while
maintaining the speed. The final stage is recorded as the
participant's MAS.

Work-to-rest ratio: The HIT protocol was performed at
a 1:2 ratio (for example, 15 seconds of maximal-intensity work
at approximately 90-95% of maximum heart rate [HRmax],
followed by 30 seconds of active recovery).

Repetitions and sets: The numbers of repetitions and sets were
progressively increased across the intervention weeks (for
example, from 3 sets in the first week to 5 sets in the final week).
The high-intensity intervals incorporated football-specific
activities, including sprint drills, change-of-direction drills, and
high-intensity small-sided games, to ensure that adaptations were
relevant to the demands of the sport.

Players in the exercise+supplement group consumed 6 g of
L-arginine capsules daily with 200 mL of water. The
exercise+placebo group consumed an equivalent amount of
placebo (cellulose). The supplement was a powder manufactured
by the British company Balk. Supplement and placebo quantities
were measured using an Iranian-made Kia bl2 laboratory balance
accurate to 0.01 g. Supplement and placebo capsules were
identical in weight, size, shape, and color. On training days, the
supplement was consumed immediately after exercise; on rest
days, it was consumed with meals (breakfast and lunch). To
preserve study validity, adherence was carefully monitored.
Attendance at training sessions was recorded, and a minimum
adherence rate of 90% (at least 17 of 18 sessions) was required
for continued participation. Remaining capsules were also
counted at the end of each week. Participants who consumed less
than 90% of the capsules were excluded from the final analysis.

Blood samples were collected at two time points: pretest (72
hours before the intervention) and posttest (48 hours after the
final exercise session), at 8 AM after 12 hours of fasting. At each
time point, 5 mL of blood was obtained from the brachial vein
and immediately centrifuged to separate the serum. IL-6 and
IL-10 concentrations were measured by ELISA using a
commercial zellBio kit manufactured in Germany, with an intra-
assay coefficient of variation below 10% and sensitivity below
0.5 pg/mL, serial number ZB-15126C-H9648. ALT and AST
were measured using standard photometric methods, an
autoanalyzer, and Pars Azmun Kits.

Data were analyzed using SPSS-26. Normality was assessed
using the Shapiro-Wilk test, and homogeneity of variances was
evaluated with Levene's test. After the assumptions of
parametric statistics were confirmed, the independent-samples t
test was used to compare demographic characteristics and
baseline indices between groups at pretest. The paired-samples t
test was used to evaluate within-group changes from pretest to
posttest. Finally, analysis of covariance (ANCOVA) was used to
compare posttest means between groups while controlling for
pretest values as covariates. Statistical significance was set at
less than 0.05 for all analyses.
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Results

At pretest, the two groups were comparable in age, height,
weight, and body mass index, with no statistically significant
differences.

At posttest, the exercise+supplement group showed a
statistically significant increase in interleukin-10 (F=11.31,
P<0.004) and a statistically significant reduction in alanine
aminotransferase (F=4.94, P<0.04) compared with the placebo
group. However, after adjustment for baseline values, no
significant between-group differences were observed in
interleukin-6 (F=3.20, P<0.09) or aspartate aminotransferase
(F=2.88, P<0.107).

Within-group  analyses showed that IL-6 decreased
significantly by 39.54% (P<0.002) in the exercise+supplement
group (from 7.41+1.58 to 5.31+0.4 pg/mL), where as no
significant change was found in the exercise+placebo group
(from 6.06+1.33 to 6.55+1.97 pg/mL). At the end of the
intervention, I1L-10 increased significantly by 19.78% (P<0.001)
in the exercise+supplement group (from 15.00+2.00 to
18.70+2.11 pg/mL), whereas no statistically significant change
occurred in the exercise+placebo group (from 16.30+4.83 to
17.30+4.34 pg/mL).

Aspartate aminotransferase (from 25.60+6.53 to 22.30+5.29
U/L) (P<0.005) and alanine aminotransferase (from 17.50+5.56
to 14.40+2.83 U/L) (P<0.43) decreased significantly in the
exercise+supplement group. In contrast, the exercise+placebo
group showed no statistically significant changes in aspartate
aminotransferase (from 23.20+3.32 to 23.10+4.67 U/L) or
alanine aminotransferase (from 17.10+4.22 to 16.40+3.83 U/L).

Conclusion

According to the present findings, IL-6 decreased significantly
in the exercise+supplement group at the end of the training
intervention, representing a reduction of approximately 39.54%.
Conversely, IL-10 increased significantly at the end of the
exerciset+supplement intervention, representing an increase of
approximately 19.78%. At the end of the six-week training
intervention,  aspartate  aminotransferase and  alanine
aminotransferase decreased significantly in the
exercise+supplement group by approximately 14.79% and
21.52%, respectively.
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Exercise combined with supplementation significantly increases interleukin-10
and significantly reduces interleukin-6 and liver enzyme levels.
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