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Combination of high-intensity interval training and quercetin
supplementation improves insulin resistance independent of
changes in plasma total antioxidant capacity in diabetic Wistar
rats
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Abstract

Background and Objective: Consuming foods with antioxidant properties plays an important role in
neutralizing the harmful effects of free radicals (FR). This issue is more important in conditions such
as diabetes, where oxidative stress (OS) increases more than in healthy individuals. The aim of the
present study was to investigate the effect of combining quercetin supplementation (QS) with high-
intensity interval training (HIIT) on antioxidant capacity (TAC) and insulin resistance (IR) in male
diabetic Wistar rats.

Materials and Methods: 18 Wistar rats were selected and randomly assigned to diabetic control
(DC: n=9) and high-intensity interval training-Quercetin (HIIT-QS: n=9) groups. After two weeks of
intraperitoneal injection of low doses of streptozotocin (STZ), ensuring that the rats became diabetic,
HIIT was performed five sessions per week for six weeks in 8-10 sets at an intensity of 65-85% of
maximum oxygen consumption (VO2max) on a treadmill. The HHIT-QS also received 20 mg of
quercetin kg/day by gavage. 48 hours after the last session of HIIT, rats were anesthetized with an
intraperitoneal injection of ketamine. Plasma total antioxidant capacity (TAC), glucose, and insulin
were measured in plasma. Insulin resistance (IR) was determined using the HOMA-IR formula.
Results: It was observed that there was no significant difference in TAC between the HIIT-QS and
the DC (p>0.05). However, a significant difference was observed between the two groups in plasma
glucose levels, such that glucose levels in the HIIT-QS were significantly lower compared to the DC
(p<0.001). HOMA-IR was also significantly lower in the HIIT-QS compared to the DC (p<0.001).
Conclusion: Finally, it can be said that combining quercetin with high-intensity interval training
improves plasma glucose and insulin resistance in diabetic rats, independent of changes in total
plasma antioxidant capacity.
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Introduction

In diabetic patients, oxidative stress (OS) increases due to impaired sugar metabolism
(Caturano et al, 2023). However, physiological systems have enzymatic and non-enzymatic
antioxidants and constantly regulate the ratio between the oxidation-reduction state, or redox,
of the cellular environment (Matinhomaee et al. 2016).

Today, the use of herbal antioxidants alongside exercise training (ET) has been studied from
various perspectives (Almassi et al. 2019).

Quercetin (QS) is a type of polyphenol and flavonoid found in coffee. It is antioxidant,
anticancer, and anti-inflammatory properties. (Anand et al, 2016).

Todays, ET is very diverse and extensive. High-intensity interval training (HIIT) has been
reported to be effective in improving insulin resistance (IR) (Freitas 2019; Ryan 2020).
Despite the positive effects of HIIT on many health-related variables, the interaction effect of
HIIT on plasma total oxidative capacity (TAC) and IR has not been studied in diabetic
samples. Therefore, the present study purpose was to investigate the effect of six weeks of
HIIT combined with QS on changes in TAC and IR in diabetic rats.

Methods

Eighteen male Wistar rats, (weight 250+50 gr; six mo.) were obtained from the Pasteur
Institute in Tehran, and after diabetes induction randomly were assigned in the diabetic
control (Con; n=9), the high intensity interval training-quercetin (HIT_QS; n=9). For
diabetes induction; two weeks of intraperitoneal injection of a low dose of streptozotocin
(STZ) (37 mg kg/kg) in 0.1 M citrate buffer and pH 4.5 was administered after 6 hours of
fasting. 72 hours after STZ injection, blood glucose was measured from the animal’s tail vein
using a portable glucometer (Boehringere Mannheim Indianapolis), and glucose between
150-350 mg/dl were considered diabetic rats.

High Intensity Interval Training

HIIT was performed five sessions per week for six weeks on a treadmill. HIIT was performed
for 30 seconds to several min with 1-5 min rest intervals (Faraji et al. 2024). The first and
second weeks of HIIT consisted of eight periods at a speed of 25 m/s, equivalent to 65% of
aerobic capacity, with 40 seconds of activity and 120 seconds of active rest at an intensity of
10 m/s (Faraji et al. 2024).

Quercetin

QS (20 mg/kg) was given to animals daily by gavage (Farji et al. 2024).

Blood sampling and Biochemical analyzing



48 hours after the last session of HIIT, rats were anesthetized then, 2 cc of blood was taken
directly from the heart of the animals. Insulin concentration was measured by kit (DKg96;
DEIA1897). TAC) was measured by kit (Ransel, Randox; UK). Insulin resistance (IR) was
determined using the following formula (HOMA-IR).

HOMA-IR = (insulin) x (glucose) / 405.

To investigate the effect of HIIT, an independent t-test was used at a significance level
(p<0.05). All calculations were performed using SPSS statistical software version 21.

Results

It was observed that there was no significant difference in TAC between the HIIT_QS and
control (p>0.05). However, a significant difference was observed between the two groups in
plasma glucose, such that the glucose in HIIT_QS was significantly lower compared to the
control (p<0.001). Also, HOMA-IR was significantly lower in the HIIT_QS compared to the
control (p<0.001). The data obtained are presented in Table 1.

Tablel.
Control HIIT-QS p t
TAC (mmol/l) 0.85+0.12 0.77+0.09 0.75 0.3
Glucose (mg/dl)  260+31.25 196.86+41.3 0.029* 1.9
HOMA-IR 0.64+0.14 0.37+0.1 0.041* 1.6

TAC: Total plasma antioxidant capacity; insulin resistance based on the HOMA-IR formula, data are expressed
as mean = standard deviation.

Discussion and Conclusion

The results showed that the combination of QS with HIT was able to improve plasma
glucose, which that the plasma glucose level in the HIIT-QS was significantly lower
compared to the diabetic control.

This implicitly states that the antioxidant effects of QS with the HIIT did not have any
interfering effects, but also, they have interaction effects.

The results of present study showed that HOMA-IR improved in the HIIT_QS compared to
the diabetic control group. The positive effects of exercise training (ET) during interval
training appear to be independent of exercise intensity, as moderate-intensity interval training
has been reported to similarly improve insulin sensitivity in obese men compared to HIIT
(Ryan et al. 2020).

The results of the study showed that QS with HIIT had no significant effect on changes in
TAC in diabetic rats. Perhaps these two independent variables have interfering effects on

plasma TAC because it has been shown that ET can increase and improve TAC. In contrast to



the results of the present study, Attarzadeh et al. (2020) reported that HIIT can improve TAC
in overweight and obese middle-aged women (Attarzadeh Hosseini et al. 2020).

Conclusion

Finally, it can be said that combining quercetin supplementation with high-intensity interval
training improves plasma glucose and insulin resistance in diabetic rats, independent of

changes in total plasma antioxidant capacity.
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