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The effect of twelve weeks of high-intensity functional training (HIFT) combined
with nanocurcumin supplementation on antioxidant enzyme activity, total
antioxidant capacity, and C-reactive protein in women with metabolic syndrome
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Abstract

Background& purpose: Exercising along with consuming medicinal herbs is considered a
beneficial method to create favorable changes in the body's antioxidant system and modulate
inflammatory responses. Therefore, the aim of the present study was to investigate the effect of
twelve weeks of HIFT training and nanocurcumin supplementation on antioxidant
enzymesactivity of antioxidant enzymes superoxide dismutase (SOD), glutathione peroxidase
(GPx), total antioxidant capacity (TAC), and C-reactive protein (CRP) in women with metabolic
syndrome.

Methods: The current research was a semi-experimental.For this purpose, 60 women with
metabolic syndrome voluntarily participated in this study. The subjects were randomly divided
into four groups: high-intensity functional training (HIFT), high-intensity functional training
with nanocurcumin (HIFT+NC), nanocurcumin (NC), and control-placebo (C-P).The exercise
intervention was performed four sessions per week for twelve weeks. Daily intake of
nanocurcumin was 80 mg immediately after breakfast. Blood samples were taken before exercise
and 48 hours after the last exercise session to measure serum concentrations of SOD, GPx, TAC,
and CRP.Results: The results showed that the values of SOD, GPx and TAC in the high-
intensity functional training groups with nanocurcumin consumption, high-intensity functional
training and nanocurcumin significantly increased compared to the control group (P<0.05); but
the changes in CRP in the intervention groups significantly decreased compared to the control
group (P<0.05). The highest percentage of significant changes in the values of SOD, GPx, TAC
and CRP were assigned to the high-intensity functional training group with nanocurcumin
consumption.Conclusions:The combined effect of high-intensity functional training and
nanocurcumin enhances the activity of the antioxidant system and improves the inflammatory
state of the body in women with metabolic syndrome.
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Extended abstract

Background

Metabolic syndrome (MetS) is a multiple modifiable risk factor for cardiovascular disease, type 2 diabetes, and other health-
threatening diseases. The increasing global prevalence of MetS, driven by urbanization, sedentary lifestyles, and dietary changes,
underscores the need to address this syndrome. Complex underlying mechanisms, including genetic predisposition, insulin resistance,
adipose tissue accumulation and excess fat in abdominal obesity, systemic inflammation, and dyslipidemia, play important roles in
the clinical manifestations of MetS. Studies have reported that MetS is closely associated with oxidative stress, which leads to the
occurrence of damaging processes in body tissues and the dysfunction of vital body systems, including the antioxidant system. In
addition, MetS and obesity are more associated with chronic low-grade systemic inflammation, especially in older women.In the field
of MetS management, lifestyle modifications such as healthy eating patterns, physical activity, and management of excess visceral
and unwanted fat are prioritized as essential interventions. Research results on the effectiveness of exercise training on the body's
antioxidant system and the modulation of inflammatory responses in people with MetS indicate that the type of exercise, the duration
of the exercise intervention, and especially the intensity of the exercise play an important role. In the meantime, high-intensity
functional training (HIFT) has attracted the attention of sports researchers and sports enthusiasts today due to its benefits and
benefits.On the other hand, according to the findings of pharmacological studies, the role of medicinal plants in promoting and
maintaining health has been increasingly proven and confirmed. Also, today, the use of supplements, foods, and medicinal plants
along with physical exercises is inevitable, and due to a better understanding and recognition of the existing mechanisms in the field
of synergistic and interactive effects of physical exercises and medicinal plants, such interventions have attracted the attention of
many researchers in the field of sports medicine. In the meantime, the medicinal plant curcumin has antioxidant and anti-
inflammatory properties due to the presence of some special compounds, including polyphenols.Finally, based on the above-
mentioned materials and the research background, it is clear that the type of exercise, the exercise intervention protocol, the type of
medicinal plant, and the dosage used have a significant impact on improving the health and well-being of individuals. Therefore,
choosing the right and appropriate intervention protocol to achieve maximum benefits and desirable adaptations requires extensive
research in this field, and since most studies have examined the main effect of aerobic exercise, HIIT, and curcumin consumption on
antioxidant and inflammatory status, the effect of HIFT as a new method of aerobic-resistance training alone and its combined effect
with curcumin consumption on antioxidant and inflammatory status in different populations, especially in the population of women
with metabolic syndrome, has not been investigated and studied.For this purpose, the present study attempted to study the combined
effect of twelve weeks of HIFT and nanocurcumin consumption on serum concentrations of SOD and GPX enzymes, total
antioxidant capacity, and CRP in women with metabolic syndrome, so that by achieving practical and beneficial results, a strong
scientific perspective can be provided to future researchers.

Methodology

This study was a randomized controlled trial with a 4-group experimental and control design with a pre-test-post-test process along
with training and complementary intervention. The method of the present study is applied and semi-experimental. The statistical
population was 440 female volunteers who participated in the present study, of which 134 people met the necessary conditions for
entering the study based on the study entry criteria. The sample size was determined as 52 people using G*Power software and
considering a confidence coefficient of 0.95 and a test power of 0.85. Given the possibility of subjects dropping out during the study,
the statistical sample size was determined as 60 people. The present study has been approved and registered by the Ethics Committee
for Biomedical Research of Islamic Azad University, Isfahan Branch (Khorasgan) with the code IR.IAU.KHUISF.REC.1404.532.

Experimental design

Based on simple random sampling, 60 subjects were selected and randomly assigned to one of four groups of: HIFT, HIFT with
nanocurcumin, nanocurcumin, and placebo-control. Before starting the study, the research implementation steps were explained and
all subjects completed and signed an informed consent form to participate in the study.

Training protocol

The HIFT program, as shown in Table 1, was designed based on the principles and foundations of Bumpa’s exercise science,
CrossFit training theory, and Fito et al.’s (2018) training program and was implemented for 12 weeks. The intensity of the exercises
was controlled based on a percentage of the target heart rate and one repetition maximum.

Supplemental program

Subjects in the nanocurcumin and HIFT+ nanocurcumin groups consumed one 80 mg capsule of nanocurcumin (Exir Nano Sina
Company, Iran. IRC: 1228225765) daily with a glass of water immediately after breakfast. Nanocurcumin and placebo capsules were
distributed every two weeks and the consumption status was monitored weekly. Also, subjects in the placebo-control group received
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one placebo capsule (80 mg maltodextrin) daily for 12 weeks immediately after breakfast. The nanocurcumin and placebo capsules
were identical in appearance, shape, and size.

Statistical analysis

In the descriptive statistics section, data were reported as mean =+ standard deviation. The normality of data and homogeneity of
variances were examined using Shapiro-Wilk and Levine statistical tests, respectively. Within-group and between-group changes,
interaction effects, and pairwise comparisons were analyzed using repeated-measures analysis of variance, two-way analysis of
variance, and Tukey's post hoc test using SPSS26 software at a significance level of 0.05.

Results

The results showed that the values of SOD, GPx and TAC in the high-intensity functional training groups with nanocurcumin
consumption, high-intensity functional training and nanocurcumin significantly increased compared to the control group (P<0.05);
but the changes in CRP in the intervention groups significantly decreased compared to the control group (P<0.05). The highest
percentage of significant changes in the values of SOD, GPx, TAC and CRP were assigned to the high-intensity functional training
group with nanocurcumin consumption.

Conclusion

The results of the present study indicate that 12 weeks of HIIF and nanocurcumin consumption are associated with an increase in
antioxidant enzyme levels and a decrease in serum CRP concentration. In addition, the results showed that the combined effect of
HIIF and nanocurcumin further enhances the activity of the antioxidant system and improves the inflammatory status of the body in
women with metabolic syndrome.

Article message

Based on the findings of the present study, HIFT intervention combined with nanocurcumin consumption can be considered as a new
and effective training strategy in the control and prevention of diseases related to metabolic syndrome, which improves antioxidant
status and modulates inflammatory responses. After twelve weeks of HIFT and nanocurcumin consumption, CRP decreased, SOD,
GPX, and TAC increased, and favorable changes were also achieved in body composition indices. The greatest benefits were
attributed to the combined effect of HIFT and nanocurcumin. Therefore, women with metabolic syndrome can benefit from this
intervention in their exercise programs to improve body composition, metabolic, physiological, antioxidant, and inflammatory status.
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