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Abstract

Introduction: To investigate the effects of tartaric acid supplementation combined with
high-intensity interval training (HIT) on inflammatory markers (CRP, IL-6, TNF-a) and
anaerobic performance in female gymnasts.

Methods: Thirty-six female gymnasts (18—25 years) were randomly assigned into three
groups: training + supplement, training + placebo, and control. The HIIT protocol (30s
running at 100% maximal aerobic speed, 30s active recovery) was performed for 8 weeks.
The supplement group consumed 20 mg/kg tartaric acid 45 min before each session (Khani
et al., 2024). The CRP, IL-6, TNF-a, and anaerobic performance (RAST test) were measured
at baseline and 48 h post-intervention. Data were analyzed using repeated measures
ANOVA (p<0.05).

Results: The effect of time was significant for all variables. Compared to the control group,
HIIT significantly reduced CRP (-29.62% and -19.69%, p=0.001), IL-6 (-15.04% and -16.15%,
p=0.001), TNF-a (-13.33% and -14.96%, p=0.001), and increased anaerobic performance
(+11.21% and +10.14%, p=0.001) in both training groups. However, no significant
differences were observed between the training + supplement and training + placebo
groups for any variable (p>0.05). No significant changes occurred in the control group.
Conclusion: High-intensity interval training significantly improved performance in

female gymnasts. Under the conditions of this study, short-term tartaric acid
supplementation (20 mg/kg) showed no significant additional effect compared to placebo.
Further long-term studies with different dosages are recommended.
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INTRODUCTION

High-intensity interval training (HIT) is an effective
method for improving cardiovascular function,
anaerobic capacity, and muscle performance in
athletes. However, HIIT increases reactive oxygen
species (ROS) production and activates inflammatory
pathways, leading to oxidative stress, muscle damage,
and impaired recovery (Shin et al.,, 2020; Wu &
Ballantyne, 2020). Chronic inflammation from intense
exercise can impair endothelial function and reduce
athletic performance (Tyrrell & Goldstein, 2021).
Therefore, identifying  strategies to reduce
inflammatory effects of intense exercise is particularly
important for female athletes, who may be more
susceptible to metabolic stress (Shin et al., 2020).
Natural antioxidant supplements have gained attention
for reducing oxidative stress and improving post-
exercise recovery (Powers et al., 2020; Silva & Lidon,
2016). Tartaric acid, a natural polyphenolic compound
found in grapes, apricots, and apples, possesses
antioxidant and anti-inflammatory properties (Khani,
Piralayi, & Ahmadzadeh, 2024). It may inhibit
inflammatory signaling pathways such as NF-kB and
reduce lipid peroxidation (Zhao et al., 2023). Research

on tartaric acid supplementation in intense exercise is
limited, with one study showing increased antioxidant
capacity and reduced inflammation from resistance
training (Khani et al., 2024).

Gymnastics is a high-intensity sport requiring repetitive
training, which can lead to muscle inflammation and
decreased performance (Silva & Lidon, 2016). Given the
limited research on tartaric acid in female athletes, this
study aimed to investigate the effect of tartaric acid
supplementation before HIIT on inflammatory markers
(CRP, IL-6, TNF-a) and anaerobic performance in female
gymnasts.

METHODS

This quasi-experimental study employed a pretest-
posttest design with a control group in 2024 in Doroud
city, Lorestan province, Iran. Sample size was estimated
as 36 participants using G*Power (power=0.80, a=0.05,
effect size=0.40) based on Khani et al. (2024).
Participants were selected via purposive convenience
sampling and randomly assigned into three groups of
12 using a random number table: training +
supplement, training + placebo, and control.

Table 1. Demographic characteristics (Mean+SD)

Variable Training+Supplement Training+Placebo Control
Age (years) 21.2+2.3 20.8+1.9 21.5+2.8
Weight (kg) 58.6+2.4 59.243.0 60.1+2.7
Height (cm) 162+4.9 16045.1 161+5.2
BMI (kg/m?) 21.8+1.4 22.2¢4.2 21.9+3.8

Inclusion criteria consisted of general health, 22 years
gymnastics experience, physician approval, no
antioxidant supplements in prior 3 months. Written
informed consent was obtained. This study was
approved by the Research Ethics Committee of Islamic
Azad University, Borujerd Branch (ethics
code: IR.IAU.B.REC.1405.007). The study was double-
blind; participants and assessors were unaware of
intervention type. Capsules were identical in color,
smell, and size. Participants avoided high-antioxidant
foods (green tea, coffee, dark chocolate, berries, and
nuts).

The supplement group consumed 20 mg/kg body
weight tartaric acid (Barij Essence, Iran) 45 min before
each session (Khani et al.,, 2024). Placebo received
starch capsules.

The HIT protocol (8 weeks, 3 sessions/week) included
10-min warm-up and 5-min cool-down. Maximal
aerobic speed (MAV) was determined via incremental
running test on treadmill (Sport Art T652, USA). The
HIIT consisted of 30s running at 100% MAV and 30s
active recovery at 50% MAV.

Anaerobic performance was evaluated using the RAST
test (six 35m sprints). Power = (Weight x Distance?) +
Time3.

Blood samples were collected after 10-12 h fasting, 48
h pre- and 48 h post-intervention from the antecubital
vein. Samples were centrifuged at 3,000 rpm for 10 min
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(Hettich EBA 200, Germany). Serum CRP, IL-6, and TNF-
o were measured via ELISA.

Paired t-tests were used for within-group comparisons.
One-way ANOVA with Tukey's post-hoc test was used
for between-group comparisons (p<0.05).

RESULTS

Within-group  comparisons: Both  training groups
showed significant reductions in CRP (-29.62% and -
19.69%, p<0.001), IL-6 (-15.04% and -16.15%, p<0.001),
TNF-a (-13.33% and -14.96%, p<0.001), and significant
increases in anaerobic performance (+11.21% and
+10.14%, p<0.001). No significant changes occurred in
the control group.

Between-group comparisons: One-way ANOVA at
posttest showed significant differences among groups
for all variables (CRP: F=6.82, p=0.003; IL-6: F=3.97,
p=0.001; TNF-a: F=3.31, p=0.04; performance: F=4.57,
p=0.02). However, Tukey's post-hoc test revealed no
significant differences between training + supplement
and training + placebo groups for any variable (p>0.05),
while both training groups differed significantly from
controls (p<0.05).

CONCLUSION

Eight weeks of HIIT alone effectively reduces systemic
inflammation and improves anaerobic performance in
female gymnasts. Regarding short-term tartaric acid
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supplementation (20 mg/kg), no significant difference
was observed between supplement and placebo
groups under the conditions of this study. However,
due to methodological limitations (lack of a
supplement-only group, specific dosage, 8-week
duration, and incomplete dietary control), definitive
conclusions about tartaric acid's ineffectiveness cannot
be drawn. Further long-term studies with different
dosages and better-controlled conditions are
recommended.
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