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Abstract 
Objective: This preliminary pilot study aimed to evaluate how 

oatmeal and oxygen-ozone (O2-O3) administrations after intense 

exercise affect the NRF2 pathway, a key regulator of antioxidant 

responses. 

Materials and Methods: A single-blind, repeated-measures design 

was conducted with ten participants (ages 20-36, body mass 

index<30 kg/m²) who completed high-intensity interval exercise 

(HIIE) protocols under four conditions: baseline, following O2-O3 

sauna sessions, after oatmeal supplementation, and post-HIIE. 

Blood glucose, lactate, white blood cell count (WBC), and levels of 

NRF2 pathway-related antioxidants, body weight, and blood 

pressure were measured under four conditions.  

Results: Significant fluctuations over time were observed in 

cardiovascular responses (p<0.05). Notably, cardiovascular 

responses following HIIE after supplementation differed compared 

to ozone sessions. Lactate, platelets, lymphocytes, and WBC 

increased significantly, while neutrophils decreased (p<0.05). 

glucose and most NRF2-related antioxidants remained stable; 

however, a gender-specific increase in superoxide dismutase (SOD) 

was found (p>0.05). Women showed a greater WBC reduction after 

oatmeal versus O2-O3 administration (p>0.05). 

Conclusion: The study demonstrated that oatmeal and O2-O3 

administrations may significantly affect cardiovascular responses 

and immune cell dynamics post-exercise, with gender-specific 

effects. The SOD increase among women and the greater reduction 

in WBC after oatmeal probably suggest its potential in enhancing 

antioxidant defenses and reducing inflammation. These findings 

probably underscore the role of dietary interventions in managing 

oxidative stress following intense exercise.
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Introduction  
Free radicals, especially reactive 

oxygen species (ROS), are produced during 

cellular activities (Pizzino et al. 2017). Due 

to their high reactivity and unpaired 

electrons, ROS can damage proteins, 

deoxyribonucleic acid (DNA), lipids, and 

cell membranes (Juan et al. 2021). Exercise 

training significantly increases oxygen 

supply to muscles, potentially raising ROS 

production and harming essential biological 

components  (Vickers 2017). However, the 

body has a strong antioxidant system to 

combat oxidative damage from ROS 

(Pizzino et al. 2017; Powers et al. 2022).  

Studies show that nuclear factor 

erythroid 2ïrelated factor-2 (NRF2), is 

crucial for alleviating oxidative stress in 

various tissues (Han et al. 2023; Rasmussen 

et al. 2023). Under oxidative stress, NRF2 

is activated, translocates to the nucleus 

(Thiruvengadam et al. 2023) and 

suppresses inflammation and the nuclear 

factor kappa B (NF-əB) signaling pathway 

by activating heme oxygenase-1 (HO-1) 

(Payandeh et al. 2020).  
Scientific research has highlighted the 

enhanced antioxidant activity of 

avenanthramide (AVA), a compound 

commonly found in oat (Avena sativa) (Ji et al. 

2003; Koenig et al. 2014; Koenig et al. 2016; 

Zhang et al. 2020). The antioxidant capabilities 

of AVAs depend on Ŭ, ɓ-unsaturated carbonyl 

and hydroxyl groups which act as ROS 

scavengers (Sang and Chu 2017). Previous 

studies have shown that oat supplementation 

can reduce ROS production, suppress NF-əB 

activation, and enhance antioxidant capacity in 

response to acute exercise (Koenig et al. 2016). 

Zeng et al., (2020) demonstrated that oatmeal 

supplementation approximately three hours 

before high-intensity interval exercise (HIIE) 

may alleviate ROS production (Zeng et al. 

2020). However, prior studies have not 

examined the effects of prolonged oatmeal 

supplementation on NRF2-related antioxidants, 

and immune cell profiles. In this regard, we 

need to use oatmeal to check for changes in 

NRF2 pathway antioxidants. Since oatmeal is 

often studied in exercise, we can easily compare 

it to other aids like oxygen-ozone (O2-O3). 

Recent research indicates that ozone 

(O3), an inorganic substance with potent 

oxidant properties, can activate NRF2 

within cells, leading to the transcription of 

various antioxidant response elements 

(AREs) in human cells (Sagai and Bocci 

2011; Smith et al. 2017). However, no 

studies have compared the effects of 

oxygenïozone (O2-O3) administration and 

dietary interventions on NRF2 pathway-

mediated antioxidant responses (including 

superoxide dismutase (SOD), glutathione 

peroxidase (GPX), xanthine oxidase (XO), 

total antioxidant capacity (TAC), and HO-

1) following intense exercise in both 

women and men.  

Therefore, we aimed to determine how 

O2-O3 administration and oatmeal 

supplementation affect oxidant and 

antioxidant biofactors after an HIIE 

session. This preliminary pilot study 

evaluated stress-related responses to 

interventions by assessing metabolic, 

cardiovascular, antioxidant, and immune 

markers, including lactate, blood glucose, 

heart rate, blood pressure, NRF2-related 

antioxidants, and immune cell profiles. 

 

 

Materials and Methods 
Type of study 

This preliminary pilot study employed a 

single-blind, repeated-measures design 

with two washout periods. 

 

Participants 

The study consisted of 14 young men (n 

= 5) and women (n = 5) who met the 

following criteria: no metabolic, 

orthopedic, or cardiovascular conditions; 

involvement in physical education classes 

no more than twice per week (ACSM 

2013); ages 20-36 years; and a body mass 

index (BMI) between 20 and 30 kg/m². 

Additionally, four participants voluntarily 

withdrew for personal reasons. 

 

Sample size  

To determine the sample size for each 

gender (Ŭ = 0.05, power = 0.8), changes in 
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SOD and GPX levels were considered, 

based on data from a previous study 

(Koenig et al. 2016). 

 

Study design and blood sampling 

procedures 

Before the initial assessments, 

participants rested for 30 min; the first 

blood sample was then collected to 

establish baseline oxidant and antioxidant 

biofactor levels (BASELINE, Figure 1). 

Trials began at 8 a.m. after a 12-hr 

overnight fast. Following clinical interview 

and baseline assessments, participants 

completed the HIIE protocol, and a second 

blood sample was taken immediately to 

assess the acute effects of HIIE on oxidant 

and antioxidant levels (HIIE, Figure 1). 

After a seven-day washout period, 

participants underwent six consecutive 

days of oxygenïozone (OϜ-Oϝ) exposure in 

a sauna cabin (25 min per session). 

Immediately after the final session, they 

performed the HIIE protocol, and a third 

blood sample was collected to evaluate the 

impact of ozone on oxidant and antioxidant 

capacity (SAUNA, Figure 1). 

Following another seven-day washout, 

participants consumed oatmeal daily for six 

days. On the sixth day, they rested for two 

hours after oatmeal consumption before 

completing the HIIE protocol. The fourth 

blood sample was taken immediately after 

training to assess the effect of pre-workout 

oatmeal supplementation on oxidant and 

antioxidant biofactors (OATMEAL, Figure 

1). 

For female participants, the study lasted 

four and a half weeks to account for 

menstrual cycle phases, ensuring that 

assessments were conducted at optimal 

times for accuracy (Schouwenberg et al. 

2011). 

  

Oxygen and ozone (O2-O3) administration  

Participants were instructed to remove 

all clothing and enter a sauna cabin made of 

laminated plastic (Fiberglass, Pishro Sanat 

Bonyan Salamat Shargh, Iran), keeping 

their heads outside to avoid inhaling ozone 

(O3). A gas mixture of oxygen (O2) and O3 

was circulated at a rate of 1 l/min using an 

Aerozone generator (SOPS100, Pishro 

Sanat Bonyan Salamat Shargh, Iran). A 

2000 W heater (Pishro Sanat Bonyan 

Salamat Shargh, Iran) created steam, 

maintaining a temperature of 37-40°C. The 

heater was preheated for 5 min, achieving 

39-40°C for 3 min and 36-37°C for 2 min. 

A thick towel and thin polythene sheet were 

placed around the participants' neck to 

prevent O3 leakage, despite the cabin door 

being sealed with O3-resistant material 

(Bocci et al. 1999). Each participant 

completed six consecutive ozone 

administration sessions over one week, 

with each session lasting approximately 60 

min and sauna temperature maintained at 

36-37°C. The ozone concentration 

increased from 50% in the first session to 

60%, 70%, and 80% in subsequent sessions 

(Merhi et al. 2019). Additionally, 

participants' blood pressure, heart rate 

(HR), and weight were assessed before and 

after each session (Figure 1).  

 
Figure 1. Flowchart illustrating participant progression through the study phases. HIIT: high-intensity interval 

training; CHO: carbohydrate.


