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Exhaustive exercise can induce excessive generation of reactive oxygen species (ROS), which may enhance
oxidative stress levels. Besides single dosages of antioxidants, whole diets rich in antioxidants are gaining more

attention due to their practicality and multicomponent ingredients.

diet antioxidants exercise oxidative stress reactive oxygen species

| 1. Introduction

The term oxidative stress is defined as a disturbance in the homeostatic balance between pro-oxidants and
antioxidants with a subsequent excessive generation of free radicals 2Bl Free radicals are highly reactive
compounds that contain one or more unpaired electrons in their outer atomic or molecular orbital 1! and thus
readily react with various organic substrates in order to make themselves more stable Bl. Species derived from
oxygen are generally referred to as reactive oxygen species (ROS) and are naturally occurring byproducts of the
human metabolism. Thereby, redox reactions represent fundamental components of organic and biological
chemistry B, While low to moderate ROS concentrations seem to be involved in cell signaling and muscle
remodulation B8 prolonged exposure to high doses of ROS induces oxidative damage £,

As depicted in Eigure 1, high-intensity exercise might induce mitochondrial stress, leading the mitochondria to emit
ROS in order to facilitate adaptations and thus protect against subsequent cellular stress [, In case of excessive
ROS production, this might lead to oxidative damage.
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Figure 1. The mitohormesis-based model to explain the effects of dietary strategies on exercise-induced oxidative

stress. ROS = reactive oxygen species.

As a potential countermeasure against excessive oxidative stress during exercise, antioxidative supplementations,
which aim to protect against muscle damage and thus improve exercise performance, have been frequently
discussed M€, Nonetheless, many studies have indicated that large-dose antioxidant supplementation can
interfere with intrinsic adaptive responses and may abolish the benefit of exercise 192 These highly purified

antioxidants can negatively affect ROS-mediated physiological processes through prooxidant mechanisms £,

Along with their high antioxidant content, specific diets, including products such as oatmeal, dark chocolate, and
mixed fruit beverages may also contain additional bioactive compounds which are not found in single-dose
pharmacological antioxidant supplements but can act synergistically to reveal more beneficial effects than a single
dose of antioxidant supplements 2213l Additionally, these compounds are more accessible than specific isolated
antioxidants. Until now, few studies have investigated the clinical effects on exercise-induced oxidative stress by

using a whole dietary strategy and consistent evidence from human study remains scarce.

| 2. Dietary Strategies

The majority of currently available studies addressed the effects of phenol-rich foods on exercise-induced oxidative
stress, including dark chocolate 4151181 high-flavanol cocoa drink 14, green tea 18 mate tea 19, New Zealand
blueberry smoothie 29, blueberries 2122l grape juice 23241 Montmorency cherry juice 23, tart cherry juice 28],
oatmeal 24, avenanthramides (AVA)-rich cookie 2829 jucara juice B9, Sanguinello cultivar red orange juice B,
and purple sweet potato leaves B2, Frequently, the effects of dietary strategies on exercise-induced stress are
evaluated within short-term L4L7I20121[23]1271[30] 55 well as long-term interventions [13I[16][18][19][22][24][25][26][28][29][31]
(32 Across all studies, there is a compelling amount of evidence suggesting that different dietary regimens are
viable tools for decreasing exercise-induced oxidative stress. However, the different biomarkers of oxidative stress

do not allow a direct comparison between studies.

3. Effects on Biomarkers of Exercise-Induced Oxidative
Stress

3.1. Effects of Dietary Interventions on Direct ROS Generation

Zeng et al. 21 revealed that consumption of AVA-rich oatmeal before high-intensity interval training (HIIT)
significantly mitigates exercise-induced ROS generation compared to the control group, by using the EPR method.
AVA, as one of the major components of polyphenolic amides (nonflavonoids), is considered the most important
antioxidant found in oats [B3l34 Therefore, it can be speculated that the hydroxyl groups of AVA contribute to

antioxidant defense through their ability to trap ROS in vitro (21,

3.2. Effects of Dietary Interventions on ROS-Induced Macromolecule Damage
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In the majority of studies, F2-isoprostanes, 8-isoprostanes, lipid hydroperoxides (LH), thiobarbituric acid-reactive
substances (TBARS) and malondialdehydes (MDA) were used as the oxidative markers, which result from
lipoperoxidation by oxidative damage. Similarly, protein carbonylation (PC) was used as a marker of protein
damage, and 8-Hydroxydeoxyguanosine (8-oxodG) as a specific marker of 20-deoxyguanosine damage after ROS
attack to DNA.

Davison et al. 14 and Wiswedel et al. 17 confirmed the acute antioxidant effects of dark chocolate by detecting the
plasma levels of F2-isoprostane due to its polyphenolic properties, Allgrove et al. 13! and Taub et al. 18 showed
that these beneficial effects can also be seen following long-term dietary interventions. The derivatives of catechin
and epicatechin, which can both be defined as monomeric flavanols, are the major antioxidant components in

cacao beans (chocolate) (28],

In addition to cocoa, other phenol-rich fruits also exhibited antioxidant effects during exercise by detecting oxidative
stress markers, including blueberry 22 cherry 22 and red orange 1. In the study by McAnulty et al. 22,
participants consumed 150g of blueberries in a milkshake every day for one week prior to one session of high-
intensity training in hyperthermic conditions. The results showed that the blueberry diet attenuated an increase in
LH concentration caused by exercise stress but not F2-isoprostane levels, compared with a blueberry-flavored

shake as a placebo.

Purple sweet potato leaves (PSPL), as another phenol-rich diet, showed decreases in oxidative stress markers in
an exercise trial B2, Chang et al. 2 investigated the effects of a 7-day PSPL-diet on running exercise-induced
oxidative stress in a nontrained, young male population. PSPL consumption significantly increased total

polyphenols concentrations, and significantly decreased plasma PC and TBARS in the PSPL group 22,

3.3. Effects of Dietary Interventions on Inflammatory Markers

Exercise-induced oxidative stress can activate a range of transcription factors that contribute to the differential
expression of certain genes involved in inflammatory pathways BZ. In this review, diets with antioxidant effects
have demonstrated to reduce inflammatory markers including neutrophil respiratory burst (NRB), interleukin-6 (IL-
6), nuclear factor-kappa B (NF-kB), granulocyte-colony stimulating factor (G-CSF), interleukin-1 receptor

antagonist (IL-1Ra), soluble vascular cell adhesion molecule-1 (sVCAM-1).

Koenig et al. (28] and Zhang et al. 22 investigated the eight-week effects of AVArich cookies on exercise-induced
oxidative stress by detecting the inflammatory markers. Both found that this AVA-rich diet decreased ROS

production from the NRB after high intensity downhill training when compared to control group.

3.4. Effects of Dietary Interventions on Antioxidant Activity

In concert with alterations affecting levels of oxidative stress markers and inflammatory markers, exercise-induced
oxidative stress could attenuate the endogenous antioxidant defense including enzymatic antioxidant activity
(catalase (CAT), SOD, GPx, cyclooxygenase-2 (COX-2)) and nonenzymatic antioxidant activity (GSH, oxygen
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radical absorbance capacity (ORAC), total antioxidant capacity (TAC), total antioxidant status (TAS), ferric reducing

antioxidant power (FRAP), vitamins C and E, and reduced glutathione content).

Two studies by Panza et al. 1829 jnyestigated the antioxidant activity following the consumption of green tea or
mate tea for one week in young men undergoing resistance exercise. Green tea increased the values of total
polyphenols, GSH, FRAP and diminished the plasma levels of LH after a bench press exercise 28, Similarly, mate
tea increased the concentration of total polyphonic compounds at all time points and the levels of GSH after twenty

maximal eccentric elbow flexion exercises 291,

McLeay et al. 29 and Park et al. 2l demonstrated the short-term effects of blueberries by detecting antioxidant
activity. Integral grape juice was used as the dietary strategy against exercise-induced oxidative stress in an acute
study 231 and a 28-day study [24 by Toscano et al. Tart cherry juice showed subchronic positive effects on
antioxidant activity caused by high-intensity exercises in the study of Howatson et al. 28, Copetti et al.

(89 evaluated the acute antioxidant effect of jucara juice during HIIT by observing antioxidant status.

In this narrative review, most studies found positive effects of dietary strategies on exercise-induced ROS
generation. Especially, phenol-rich diets showed effects in combating exercise-induced oxidative stress in the
greater proportion of the articles. Accordingly, while dietary strategies might help to keep ROS generation in a
physiological range during exercise, the use of the antioxidant-rich diets may upregulate the endogenous
antioxidants' defense system, which may have important implications for preventing excessive damage and
facilitating recovery. Nevertheless, consistent evidence is still lacking, and the underlying mechanisms in human

trials are not well understood.
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