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1- Donnees genérales

sur le SO




1.1- Déefinitions

> Le stress oxydant ou oxydatif (SO):

Le stress oxydatif est un déséquilibre dynamique entre la production d’especes l
réactives de I’oxygene (ROS) et d’azote (RNS) et la capacité biologique des systemes
antioxydants a les neutraliser, conduisant a une modification des fonctions cellulaires et
des dommages biomoléculaires, mais également a une altération des voies de
signalisation redox régulatrices. (Sies et al. 2017).

/. Anti-oxydants A Pro-oxydants
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> Especes prooxydantes: composés qui vont gagner un ou plusieurs électrons.

& Comprend les radicaux libres (RL) et des espéces non radicalaires (cf
dia apres)



Pro-oxydants ou especes réactives dérivees de 1’oxygene et de I’azote ERON

/\

,  ERb __ERN
O, Anion superoxyde NO Monoxyde d’azote
H,O, Peroxyde d’hydrogéne NOO-  Peroxynitrite

HO Radical hydroxyle
RO° Radical alcoxyle

ROO° Radical Peroxyle
10, Oxygeéne singulet

% Les RL: Atomes ou groupements d’atomes porteurs d’un électron non apparié.
(Halliwell et Gutteridge, 1989)

G tres bénéfiques
(faible dose), (forte
dose)

& e- célibataire: symbolisé par un ¢



1.2 - Production des ERON au repos
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1.2 - Production des ERON au repos

L’0O, et le °NO sont les 2 premieres ERON produites
Le °NO produit vient des NOS

L’0," vient d’enzymes (Xanthine oxydase [XO], NADPH,4.5c [NOXs], mitochondrie)
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1.2 - Production des ERON au repos

Contraction-induced ROS production in skeletal muscle fibers
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Figure 1. Potential sites of ROS production in skeletal muscle fibers during contractile activity. See text
for details. Key: NOX2 = NAD(P)H oxidase 2; NOX4 = NAD(P)H oxidase 4; PLA2 = phospholipase
A2; ROS = reactive oxygen species. Figure created by BioRender.com.

Powers et al. 2022




1.3- Actions / effets des ERON

» Effets negatifs: A forte dose attague des constituants cellulaires. 5

ERON
/1 —
Lipides Protéines ADN, ARN
Peroxydation
lipidique \ I

Altération des mbs Inactivations  Mutations
(MDA, IsoP) dérivés carbonylés  8-OHdG, 8-OHG




1.3- Actions / effets des ERON

> Effets benefiques:

A forte dose:

ROle important dans la
défense de 1’organisme
(réponse inflammatoire)

Myéloperoxydase R-NH.,

H,0, + 1" — HOCI &-' R-NHCI + 1,0

PHAGOCYTE l >—, 0o+ HO™+ HO®

\—-—D;

NADFH-oxydase [

Acide hypochloreux ou eau de Javel

L/ osomas

Phago-lysosome

o0
e

‘Exp

Figure 1. Production de radicaux libres lors de la phagocytose d’une bactérie.

Légende : 1. Chimiotfactisme et adhésion. 2. Ingestion. 3. Fusion phagosome-
phagolysosome. 4. L’ « explosion respiratoire » génére dans le phagolysosome des oxydants
bactéricides (H,0,, 05 ° HO°).

Les neutrophiles, éosinophines, monocytes/macrophages
assurent la phagocytose et la destruction des micro-
organismes étrangers en s’activant (A X 200-400% de leur
VO,).

—> « respiratory burst via NADPHoxydase/ MPO»

%, Les ERON produits détruisent les
microorganismes

Knight et al. (2000)



1.3- Actions / effets des ERON

> Effets bénéfiques: = gy o
. -0, /L)\. »’: &*“'"" b 65‘.‘"’&«;
« Faible dose : , e w) —— e —

signalisation cellulaire

v" Les ERON peuvent
agir en tant que
« molécule signal » et
intervenir dans la
communication intra et . .
intercellulaire. lls
participent a :
I’expression de Droge et al. (2002)
certains génes et a leur e respond o changes
régulation.

EB

PROMOTER

\oies de signalisation

impliquées lors de 1’exercice:
-Biogénese mitochondriale,
-Insulinosensibilité. ..

& Activation des voies directement liées au statut redox de la
cellule qui est régit par les ERON



1.3- Actions / effets des ERON

> Effets benefigues:

» Faible dose:

v" Production de
force

Un état legerement oxydé est
nécessaire pour produire une
Fmax

Léger ajout d’oxydant
(H202)
max comme lors le
Wcxercice

Ajout igportant
d’oxydany (H202)

Isometric Force
(%o maximal)

Basal

E.I-I-I-

jout d’AO (SOD,
CAT)

ﬂ '
Reduced

Cellular
Redox State
. 5 A theoretical model proposed by Reid et al (322) that
describes the biphasic effect of ROS on skeletal muscle force ]:-r-:u:]u-}
tion. Point ] represents the force production by unfatigued muscle
exposed to antioxidants or a reducing agent. Poent 2 illustrates the force
generated by muscle in its basal state (i.e., no antioxidants or cxddants
added). FPownt 3 illustrates the force produced by unfatigued skeletal
muscle exposed to low levels of cxddants; this represents the optimal
redox state for force production. Point 4§ illustrates the deleterious
effects of excessive ROS on skeletal muscle force. [Redrawn from Reid

(3170 Reid et al. (1993)




1.3- Actions / effets des ERON

Résumé Actions / effets des ERON

Regulatory events and their dysregulation
depend on the magnitude and duration of
the change in ROS and/or RNS concentration

Physiology Pathophysiology

—— Low levels/short duration High levels/persistence

VNS AN

PGCl-a |PPase AMPK 1Ca** MAPK IGF-1 FoxO NFxB
().\ld.xtn‘c damage

J J to biomolecules
NFkB
\’

Mitochondrial dysfunction

=

Iy Dysregulation by chronic oxidative stress

ROS and/or RNS concentration

yoptosis, autophagy . )
Apoptosis, autophagy fG 3. Regulatory events and their dysregula-
.o . tion depend on the magnitude and duration of the
Antioxidant capacity . ) = - . 5
capacivy change in ROS or reactive nitrogen species (RNS)
Mitochondriogenesis Inflammation concentration. ROS and RNS normally cccur in
. s ¢ ] living tissues at relatively low steady-state levels.
Mitochondrial function -\1)’()[’&l!ill€'~ The regulated increase in superoxide or nitric ox-
Cell sl Aging i rel: P [ ide production leads to a temporary imbalance that
il surviva Aging and related diseases forms the basis of redox regulation. The persistent
Muscle .ld;lpl.llmn Differentiation |.JI(_'(I1.L1E|lE'Il'Jf<th]tJ]I ally large .u_umun.-» of ROE or
RNS, however, may lead to persistent changes in
Inflammation Muscle rcpuir Inhibition signal Irnn:s_t‘luﬂ ion and gene expression, _u.-]ut-h. in
| / turn, may give rise to pathological conditions.

Muscle atrophy

Differentiation \_  Regeneration

Droge et al. (2002)
Barbieri et al. (2012)
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1.3- Actions / effets des ERON

Résume Actions / effets des ERON

Stress positif pour s’adapter
a un évenement
(activation des vies de
signalisation)

Stress négatif sans
adaptation et dommages
oxydatifs

H0; @, ‘H.0.. 0,

| : Oxidative distress

Herb and Schramm 2021



1.4- Systeme de defense: les antioxydants

Différents types d’antioxydants (AO)

M. Carocho, I.C.FR. Ferreira /Food and Chemical Toxdcology 51 (2013) 15-25
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Fig. 3. Natural antioxidants separated in classes. Green words represent exogenous antioxidants, while yellow ones represent endogenous antioxidants. Adapted from Pietta

2000}, Ratnam et al. (2006) and Godman et al. {2011). (For interpretation of the references to colorin this figure legend, the reader is referred to the web version of this
article.)

Carocho et al. (2013)




1.4- Systeme de defense: les antioxydants

> Systeme enzymatique: elimine de nombreux RL par enzyme

2 Key antioxidant enzymes in skeletal muscle fibers

° NV R
- ) N Y Tix2, ¢ & -
O v L WA A Y
eletal muscie fiber
Q igure 2. ations of key antioxidant enzymes in skeletal muscle fibers. See text for specific
aeta

utase 1; SOD2 = superoxide dismutase 2; GPX = glutathione

bero oredoxin 1; Trx2 = Thioredoxin 2; PRDX5 = Peroxiredoxin 5.
2 2 igure created by BioRender.com.

n
O CAT
1 GPX
H,O

> Systeme non enzymatique: elimine un RL par antioxydant
-Vitamine E, C, B-carotene = alimentaires
-Glutathion, acide urique, acide lipoique, bilirubine, Coenzyme Q10 = souvent sous-produits du
métabolisme 15

Powers et al. (2022)




1.5- Mise en evidence du SO

On regarde les # aspects de la balance

Par résonance paramagnétique électronique (RPE) +

Chimioluminescence An“ Oxydant

defense de [’organisme

<

e & del’activité des enzymes AO.

* N des antioxydants (vit E, C, GSH).

« N rapport glutathion réduit (GSH) /
oxydé (GSSG)

1
Prooxydant

(0,™, H,0,,°0H)

nocif pour [’organisme

Dommages oxydatifs

2 Marqueurs de la peroxydation lipidique: MDA (méthode des TBARS), ISOP +++
2 Marqueurs de I’oxydation des protéines: protéines carbonylées ou AOPP.
2 Marqueurs de I’oxydation des acides nucléiques: (8-OHdG, 8-OHG).



1.5- Mise en évidence du SO

REDOX-RELATED BIOMARKERS

ANTIOXIDANTS

Non-enzymatic

GLUTA
THIONE VITAMIN ¢
REACK VITAMIN E OXIDANT
S

BILIRUBIN LIPOIC-ACID Sup
e EROXIDE ANION
HYDROXYL RADICAL

GLUTATHIONE PEROXIDASE
SUPEROXIDE DISMUTASE PEROXYN’TR'TE

CATALASE
HYDROGEN PEROXIDE H,0

(RONS)
0,”
HO

OONo-

OXIDATION PRODUCTS
(oxidative damage)

ANTIOXIDANTS/PRO-OXIDANT
BALANCE
(oxidative stress)

GSH/GSSH RATIO
CYSTEINE REDOX STATE
THIOL/DISULFIDE STATE

PROTEIN CARBONYLATION
LIPID PEROXIDATION

« MDA

«  4.HNE

« ISOPROSTANES
DNA OXIDATION

« 8.0H.DG

Fig. 2. Categories of redox biomarkers in exercise research.

Gomez-Cabrera et al. (2021)




1.6- Conséquences a long terme

Renal graft

Glomeruloneph Burn

Dermatitis

Degenerative retinal damage :
Cataractogenesis Kidney

Eve Skin | Psoriasis

Angioplasty,
N Keshan disease
= Heart | (selenium
| deficiency)
Ischemic Bowel /

Endotoxin Liver ( Oxidative Stress

e \\ Joint

Injury

Vessel

LDLox :
— Vasospasm \

/ Rheumatoid
. Athritis
predicteur des Atherosclersis | Multi-organ Lung |

MCV aniE.

Radiation Brain Asthma

A in Trauma ARDS ‘
Vieillissement ﬁb Stroke Hyperoxia

Inflammatory-immune Neurotoxins

Harman et al. 1956 injury Ischemia-Reflow Parkinson's Disease
Golden et al. 2002 | Alzheimer's Disease
Pb vasomotricité I :

Figure 1. Alleged diseases linked to oxidative stress (modified from [6]). Azzi (2022)

E> Les ERON impliguées dans de nombreuses maladies et/ou a leurs

@ D’ou supplémentation antiox dans études epidémiologiques



Conclusion

L’O, a donc des effets car il est a la fois
Indispensable au maintien de la vie et il est également
responsable de la production de ERO qui a forte dose entrainent
de graves dommages oxydatifs au niveau de 1’organisme.

ATTENTION: a faible dose ERON = utiles car indispensables

au bon fonctionnement physiologique de 1’organisme
(nécessaires pour les voies de signalisation cellulaire)

® Elimination compléte par exes
d’AO = ERREUR (cf partie 3)




2- Les antioxydants

(AO)
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Introduction - Généralitées

e Deéfinition:

Substance qui inhibe ou retarde significativement 1’oxydation d’un

substrat, alors qu’elle présente une concentration tres faible dans le
milieu ou elle intervient [Halliwell et Gutteridge 1990].
- Un AO est un REDUCTEUR (réagit avec un oxydant)

 Antioxydants alimentaires les plus connus :

B [y Vitamine E
;,"‘ [P Vitamine C

d  >
m nmmmp Caroténoides (B-caroténe et 1 = ]
lycopéne) L .. Argument
T marketing

i J e  Oligo-éléments

¢ e Polyphénols - R




w5 NUTRITION

Introduction - Généralités

. Aliments les plus antioxydants e =3

Test ORAC The total antioxidant content of more than 3100
foods, beverages, spices, herbs and supplements
used worldwide

FIGURE 37.1 Principle of oxygen radical absorbance capacity (ORAC) assay. AAPH is a radical generator,

. leading to the formation ofROS. Fluorescein is used as an indicator, since it is a strongly fluorescent compound,
/ Weaker fluorescence 4 whereas its oxidized form has very weak fluorescentproperties. If an added compound is active as an antioxidant,
the compound reacts with the ROS formed and, therefore, delays the reaction ofROS with fluorescein, as seen in
the schematic

«

PLUS RICHES EN ANTIOXYDANTS LES 10 LEGUMES LES PLUS RICHES EN ANTIOXYDANTS
RICHES EN ANTIOXYDANTS




2.1- Localisation cellulaire des antioxydants

witamine
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2.2- Les differents antioxydants

2.2.1- La vitamine E

> Vitamine E se refere a tous les derivés tocopherols (chaine saturée)
et tocotrienols (chaine insaturée) ayant 1’activité biologique de

> Laforme est la + fréqguemment retrouvée dans la nature

tocotrienols




» Caractéristiques, localisation et actions :

Liposoluble
Antioxydant majeur des
membranes cellulaires

Sensible a lalumiere, oxygene,
chaleur et raffinage (huiles)

Action envers:

HO®, ROO°, RO®, 10,

Action antioxydante par le
H du groupement OH

v
C Formation radical tocophéroxyle 25



Peroxydation lipidique | J

et protection par la vitamine E . Vitamine C

i Regenération
vitamine E

Stoppe phase initiation et propagation de peroxydation lipidique
Initiation Propagation

ki
ki1

k1

Vit E-OH + °0H _¥ | VitE-0° + H,0

k2
Vit E-OH + ROO® — Vit E-O° + ROOIi:

Vit E = bon antioxydant car k2 >> k1 (réagit + vite avec I’oxydant
que oxydant sur lipides)




» Terminaison et régénération vit E
VItE-O° + reducteur (vitcou GSH) V/itE-OH
VitE-O° + VItE-O° =' produit non reactif
VItE-O° + RO° ., produit non réactif
VitE-O° + ROO° produit non réactif

v

Peroxydation lipidique N
et protection par la vitamine E . Vitamine C &

HOOH
/" ROOH

2GSH~_

4 Régénération ] L.
| vitamine E Le glutathlon réduit

(GSH), en présence iSRS 3
d’ERO s’oxyde
JJ ' 2GS° —p» GS-SG A

Gﬂ(peru;w dase
N\ 2H:0

ROH+H,0

1 Initiation ;@".
/ ¥ 02

LOO*

2 Propagation § o

NADH

_ Acide g-lipoique
ou GSH

c. dihydrolipoique
ou G35G



Action synergique de 1’ a-Tocopherol et de 1’acide ascorbique

HO

ROQO. +

HsC

.CHy

CH3

ClngOH ?HZOH
HO_C-HO @) HO HO—-C-H
7 -CHs @) /O
H . + © — + ’
CieHas HsC
HO OH Che o .

Ascorbic Acid o.- Tocopherol Ascorbic radical
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» Apports conseilles (RNP 2021
sedentaires et ANC 2001 sportifs):

 Sédentaires : 12 mg/j

e Sportifs: + 12 mg/j par tranche de
1000 kcal au dessus

v"de 1800 kcal/j chez ¢

v'de 2200 kcal/j chez &'

 Limite max: 50 mg/j.

29




» Sources:

« Huiles vegetales
Margarines
Fruits oléagineux
Beurre
Poissons
Légumes verts

Aliments riches en vitamine E (en mg/100g)
Huile de germe de blé 150 - 500

Huile de soja 144
huile de tournesol 57
Margarine 43
Huile de colza 25
Huile d'arachide 15 - 30
Huile d'olive 15 - 20
Beurre 10

Jaune d'oeuf 3 30



Enquétes sur la consommation des francais:

Plus de 50 % des francais ne consomment
pas les ANC (etude SUVIMAX)

En dessous de 7 mg/j = @ risque de
maladie coronariennes et A risque cancer
du sein

Etude MONICA (OMS): corrélation [Vit E]pl
et mortalité coronarienne (Gey et al. 1998) 31



2.2.2- La vitamine C

» Deéfinition: composés ayant I’activité biologique de I’acide
ascorbique.
» Caracteristiques et actions:
« Hydrosoluble
« Antioxydant direct: piege RL dans milieu H _/
agueux, o= cf\
Action envers: o i

Acide L-ascorbique

 Antioxydant indirect: régénere Vitamine E. |:> Radical ascorbyle

32



2.2.2- La vitamine C

CH,OH

I
H-C-0OH

O O O
4 - H 7
H >
— Re, RO ., ROO . . &
HO OH HO O O/ \o
Acide Ascorbique Radical ascorbyle Acide Dehydroascorbique

L'interconversion reversible entre I'a. ascorbique et le I’a. déhydroascorbique

passe par la formation d'un composé intermediaire mono-oxyde instable, le
radical ascorbyl (Asc’)




2.2.2- La vitamine C

» Régeénération: par réducteurs: GSH ou acide alpha lipoigue

_ Acide a-lipoique
ou GSH

N\ Ac. dihydrolipoique
| ou GSSG

Rapport vit C/ Vit E = ou > 1.3 (Gey et al. 1998- MONICA)

34



et ANC 2001 sportifs):
 Sédentaires : 110 mg/j

 Sportifs: + 100 mg/j par tranche de
1000 kcal au dessus de 1800 kcal/j
chez Qet 2200 kcal/j chez &

* Limite max: 600 mg/j

« Apport > fumeur.

:> Apport quotidien car pas de stockage

induite

35




» Sources: tres repandue dans la

nature (quantite variable dans La + fragile,

tous les vegetaux, foie, lait (sensible chaleur, IR,
viande) N lumiere et oxydation) ¥ ;
» Cassis 200 mg/100g _'

« Kiwi 94 mg

« Agrumes, fraises 50-60 mg >

-500
* Choux fleur, choux 60 mg ) (-50%),
. réchauffage...
 Fole, rognon 20-30 mg =

;&

Consommer fruits et
légumes crus






Contenu en vitamine C de certains aliments
(mg/portion d'aliments crus)

125 g de cassis 163 a 175
150 g de kiwi 120 a 300
200 g de fraises et de pamplemousse 60 a 140
100 g de Choux, choux-fleurs 50a 70

150 g d'agrumes (orange, mandarine...) 45 a 105

100 g de légumes de couleur verte
(petits pois, poireaux... )

30 a 50

120 g de foie, rognons 8,4 a 54

100 g d'autres légumes et pomme de terre

(la pomme de terre étant la plus riche) > a 40

1 c. a café de persil 5

100 ml de lait de femme




» Enquétes sur la consommation des francais:
« Apports difficiles a évaluer exactement a cause des
pertes.

« Plus de la moitié des francais ont une
consommation inférieure aux ANC (SUVIMAX)

=
]
-
&
-
=
Li:]
=
=

0
Circulating vitamin C, pmol /L

FP-nonlinearity = 0,12



2.2.3- Les caroténoides: le B-carotene

«Caroténoides: pigments naturels tres
répandus dans la nature (végetaux, algues,
bactéries et champignons).

Dérivent tous de précurseurs: le lycopene
(tomate) et le -carotene .

6 carotenoides principaux du plasma

Tomate

*B-caro également appelé provitamine A .
car precurseur A e

B-cryptozanthine

OH
SR R N R e S R N iy
[HO
Zéazanthine

1 aTH H “Ha

HC/EH
LJ’

Vitarnin A (all frans)




» Caracteéristiques, localisation et actions

Liposoluble (stockeé dans tissu adipeux et foie)

Action envers:

Stoppe peroxydation lipidigue

B-carotene + ROO° — ROO-B-carotene®
ROO-p-carotene® + ROO° — inactif

Photoprotecteur: Piége *O, (forme
activée de I’oxygene) formée sous

I’action des UV.

Un tissu précieux

L’oxygéne fondamental posséde we sw
deux électrons célibataires . U: O + ou
a spins paralléles. 56 o8
Il est donc paramagnétique

bataires dont les sy
paralléles. [ d




2.3.3- Les caroténoides: le B-carotene

> Apports conseillés (RNP 2021 sedentaires et ANC 2001 sportifs):
« Sédentaires : 2.4 mg/j (3); 1.8 mg/j (¥)

 Sportifs: + 1 mg/j par tranche de 1000 kcal au dessus de 1800 kcal/j ¢ et
2200 kcal/j chez 2.

« Limite max 8.4 mg/j.

» Enquétes sur la consommation des francais:
e =~ 40% des adultes consomment moins des 2/3 des ANC.

S




» Sources: fruits et légumes colorés (légumes verts, carottes et
certains fruits jaunes).

Teneur en B-carotene (mg/100 g de poids frais)
Huile raffinee de palmier rouge 9,28

Carotte crue 46-12,5
Légumes verts (32 varietés) 1-44,4
Patate douce, varieté orange 1,14

Mangue 0,615
Papaye, pasteque 0,228 - 0,324

Note : le B-carotene n'est pas detruit par la chaleur. On peut donc
faire bouillir les légumes ou les faire cuire au four a micro-ondes. 43



Profils antioxydants et couleurs

Anthocyanines,w

Bett G
fraise, tomate

Bleu-mauve

Polyphénols, flavonoides

Aubergine, cassis, framboise,
mdre, prune, pruneau, raisin

Vert

Chlorophylle, voir ci-dessous

Avocat, brocoli, épinard, kiwi,
chou de Bruxelles

Haricot, poire et poivromverts

Jaune-
orange

B-caroténe, )utéine ,
- irie, quercétine

Abricot, ananas, carotte, cjtron,
mangue, orange, ,

péche, poivron jaune

Blanc

Composés soufrés, sélénium

Autres composés

Ail
Pomme




» Consells nutritionnels

Meilleure libération et absorption des caroténoides

fl> Cellules des fruits et des legumes doivent étre cassees

@ Couper, hacher, macher = IMPT

j> Cuisson dans corps gras (lycopene des tomates +++)

Favorise la dégradation des parois des cellules = meilleure
libération des caroténoides qui sont + absorbeés.
Corps gras rend plus assimilable le lycopene

45






Vitamines

Bilan 2.2

Principales caracteristiques

Vitamine E

Liposoluble

Piege les radicaux lipidigues (ROO° et RO° <> stoppe phase
propagation peroxydation lipidique), et d’autres ERO
(0,*, HO? , inactive 10,)

Se transforme en radical tocophéroxyl.

Vitamine C

Hydrosoluble

Antioxydant indirect en régénérant la vitamine E radicalaire
—> passe en forme radicalaire (radical ascorbyle)

Antioxydant direct en piegeant O,°, HO®, et en neutralisant
10, - passe en forme oxydeée (acide déhydroascobique)

B-caroténe

Liposoluble

Précurseurs du rétinol

Neutralise 1O, donc photoprotecteur et piege HO®, et les
radicaux lipidiques (limite la peroxydation lipidique).




Bilan 2.2

» Les frangals ne consomment pas e
suffisamment d’AO (étude SUVIMAX) SUVI-MAX

« Un faible taux plasmatique d’AO est

associé a I’apparition de pathologies (cf
ctude MONICA de ’OMS)

The WHO
MONICA study,
Australia,

» Les sportifs doivent apporter plus de e
vitamines AO en fonction de leur DE

P CARDIOVASCULAR DISEASE

48



Bilan 2.2

_ homme omme
Apports en: ~ R
non entrainé entrainé
Vitamine E 12 mg.j?
Vitamine C 110 mg.j*

Equivalent Rétinol (ER) 800 pg.j*

(Rétinol + 1/6 B-carotene)

Cuivre 2 mg.j?!
Zinc 12 mg.j+
Sélénium 60 ug.j*t

Apport nutritionnel complémentaire a ajouter par
tranche de 4180 KJ.j* (1000 kcal .j1) au dessus de
9200 kJ.j* (2200 kcal.jt) chez le sujet masculin

(Martin, 2001) 49



2.3- Comment complémenter?

Nature de I’antioxydant : AO naturel vs
synthétigue

Importance pour la vitamine E (mélange des 8 stéréoisomeres dont 1 seul est naturel)

—

Activité antioxydante supérieure (Miller 2004)

Biodisponibilité meilleure — Vit E naturelle tres chere

Reste plus longtemps dans les tissus

*_/

Pas importance pour la vitamine C (Vit C synthétique identique a la nauturelle)

500

Vit C naturelle moins cher que vit E mais importance
moindre car bonne efficacité vit synthétique

= extrait de ’ACEROLA (contient en plus des VITAMINE ©
polyphénols [flavonoides]) F““i‘, =5

s

P e




2.3- Comment complémenter?

Synergie des antioxydants:

_ Acide a-lipoique
| ou GSH

Ac. dihydrolipoique
ou G35G

Les compléements les + fréquents comprennent
Vit C, E, B-caroténe, Cu, Zn, Se, Mn....






2.4- Importance d’une alimentation riche en antioxydants apportés
par les fruits et legumes

Les végetaux contiennent des AO

Table 1. A comprehensive compilation of distinct antioxidants in commonly consumed plant-based
food.

Plant Food Category Specific Plant Foods Antioxidants Present References

Berries (Blueberries, Strawberries,
Fruits Raspberries), Citrus fruits (Oranges,
Grapefruits, Lemons), Apples, Pears, Cherries

Anthocyanins, Vitamin C, [45-47]
Quercetin, Flavonoids

Quercetin, Polyphenols, Lutein,
Leafy greens (Spinach, Kale, Swiss Chard), Zeaxanthin, Vitamin E,
Vegetables Cruciferous vegetables (Broccoli, Cauliflower), Glucosinolates, Sulforaphane, [48,49]
Bell peppers, Tomatoes, Carrots Indoles, Vitamin C, Vitamin A,
Lycopene, Beta-carotene,
Almonds, Walnuts, Chia Seeds, Flaxseeds, Vitamin E, Omega-3 fatty acids,
Nuts and Seeds . 2 ‘. .
Sunflower seeds, Pumpkin seeds Polyphenols, Selenium, Vitamin E
Chickpeas, Lentils, Black beans, Peanuts, Pinto ~ Flavonoids, Resveratrol, Coenzyme
Legumes . : }
S beans, Kidney beans Q10, Isoflavones
Vitamin E, Selenium, Polyphenols,

Whole Grain uinoa, Brown rice, Oats, Barley, Whole wheat R ,
ole Grains Quino © ce, Oats €y, IYhole whe Ferulic Acid, Beta-glucans

Ayaz et al. (2024)
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2.4- Importance d’une alimentation riche en antioxydants apportés
par les fruits et légumes

Nombreuses études sur les effets d’une alimentation riche en AO

Tablesu 1
Emdes mierventiommelles syani éiudie b répercussion de frudis et Bgomes sur les ux plasmatiques. en vitamine C el cano@ noides

Endes Effectif Toal Age Talac Intervention type sppori en anioxydanis (par jour) Cimeeniralins sanguines

H/F
L Marchand etal., 1247 1% 63,6 Chn Comeilk par m didkticen : au tatim frcaroiéne: 43 49 9mge gl h 2 mkdd 3 mois
663 alg

1994 [11]) de la consommation de frwits et légumes de 461
4,2 2495 poriomS) Luttine: 1,6 4 5,1 mg 241 413 352
Lycopéne : 24 & 13 mg 194 255 242

Vitammne C : 143 & 339 mg pgml o 2 mes 3 mals

06 122 122

Pauims e al, 1995 (4 40 A C oaripearrai som @nilre végdlariens &l omrmiviones Pcaroténe  vitammne C B-caraténe vitamine C
[ Vg, 119 mg 183 mg vég, 293 uM 67 M

Chrmiv. 4.3 mg mg Chrmiv., 1,11 M 58 pM

Yeun etal, 1996 K Alimentstion riche en caroinnides All - irans f-caroiéne : 6 mg ; All - ram f-caroténe
[13) . { e peer ae ois fods avec intervalle  ludine 23 mg F {jeunes): O
tre chaque pérxde) Ei ug) ¢

Hininger et al, 1997 1111 2 150 g de caroties ; g de tomaies, frcaroténe : 10 mg pcaroténe non-fumeur fumeur
[14) hareols, chou elou epmarnds Ly copén Dbt phi 058 pM
Loisine : 140 Aprds 15§ 1,13 pM B pM
Lycopine mon-fumeur  fumenr
Dbt ehd 0,50 pM
Aprés 15§ 0,681 pM 0,55 pM
Amaetal, [15] 6221 87 64 Cirotpe 1dmodn ¢ alimentation habduelle i19g de F et L Vimmme C: 25,55 225,55 pM
3 portions Foet L 6 : fcaroténe : 0,34 40,32 pM

Giroupe inErvention | paisage 4 B partions e F et L Vimmme C: 33,545
de Fet L 257 Pcaraténe : 0,34 40,52 pM

Bulix et al., 1998 (KR LY 23 } Ingestion dun simple repas & base de 124 mg Prcanoténe Valeur plasmatique en frcaroténe
[1&] Caniles T mg pcaroiéne ple sugmeniée en fnction de
En quamiiie faible {122 Iappart en caroties
En quimiie mmporiani

Consommation accrue en fruits et legumes @ [Vit C]pl et [caroténoides]pl




Effectif
H/F

Total Agre Tahac

{ams )

Intervention Type apport én antioxydants (par jour)

Cimoeniralions s ngimes

L Marchan
1994 [11]

Rawmrs et al, 1995

Yeun etal, 1996

13

Emoetal, 1

Bulix et al., 1998
[18]

1311

19 63,6 LT

Comelk par mm didieticin @ su@mentstion
de la consommation de fudls et legumes de

2395 portiom)j

Comparaison @nlbne Vegelarens el ommivones

Alimentation fche en caroknoide
e deTiog repeeloe trins fods avec inkervalle
de % semaines ente chaque périod

150 g de caraties ; £ de tomates,

haricots, chou et'ou dpaards

Ciroanpee termoan | abmentation habiuelle :
i portions F et L

Uiroaipee inlErviention @ padsage & § partions
de Fet L

Ingestion dun simple repas 3 base de
CEmyles

En quantie faible {122 g)

En quantie mpartanie (%61 gj

Prcaroténe : 4.3 49, 9mg

Lutnne : 1,6 4 5,1 mg
Lycopene : 24 & 13 mg

Vitamme C ¢ 143 & 339 mg

fcaroiéne  vitamine C

11,9 mg 153 mg

{hrmiv. 43 mg 1k mg

s

All - trans P-canoidne ;@ § mg ;

|mteine 23 mg

P-caroténe @ 10 T
Lycopéne : Wy mg

Lugine : 1{r mg

1% g de Fet L
63 mg vilamine
myg [f-canoidne
| & de F et L
T mg Vitamine C 4,68 m

} mg frcaroiéne

myg f-canoté

2 miks 3 miis

461 663

291 413

pgml 2 mimd 3 mas

vilarmine
67 pM

Chrmiv.

rars [r-caniéne
F {jeunes :

F {@gee)

H {jeunes) : (4 pM—+13 phd

H{ages): 1.5 phi=2
Lukine

F {jeunes) : 19 uh

F {fgees): 025 ph—

22 ph-h 33 pM

3T ph— uhd

H {jeunes) :
H {vieux) : !
fet additionne] du brocoh + 20 %%
I'!u.'.tuﬂ-.'u-.' fdi-Niimelr i
Dbt 95 phd (L58 pM
Apris 15 1,13 pM B pM
Lyoopéne mon-fuomeunr  fomeor
Debut
Aprés 15

Vitmmme C
[e-ccar e
Vitmmme C: 33,5 4 57
Pcaroténe : 0,34 4 0,52 pM

Valeur plasmatique en frcaroténe
plis sugmenise en fmction de

It en Garodies

LIV Ll T

@ FRRILTID N

Gy s




Tableau | fruite)

Etndes Effecuf Total Age Iniervention type apport en aniioxydanis {par jour) Concenirations sanguines i vale

HF
e Pee eial, 19498 10484 188 4 groupes avee deux repas par jour, & jours Al trans-feisflyeo ot

fuhd)
[17] P SEmdimne .5 59 P-caroidne
Lutéme

Lycop
: groupe pauvre en rétinol el caroénoides  (valeur en

Miller et al., 1998 23 48,5 A 4 portiona. F et L (temain) P& J miommation frearone lugine
[18] + % portions: de F et L +35 %
* 1l portions de F et L avee dimimtion
Eppenl €N grausses
Prcarotne
4 pM ;3 ans 0,93 pM
L8 pM ;3 ans 1,391 pM

Grroage emain: § F et LY

Giroupe intervention @ 5 portions de L,

3 portions. de F

Paisage de 5.8 4 12 portions de F et L I (ng/ml) P-car. Lotdine |ycopdne
Avant 3138 15,1 48,3

Broekmans et al, Prcarotine
[21] L Witaming
appori normal en F et L Prcaroiin
b ml jus de Fratf) Witamine C: 1725 mg

Record et al., L 483 Groupe A:=1 Fet2 L Pas dinformatiorn

[=] Crroupe B 5 47 portions de F et L Wit O
frcarone
Lutéme

Lycopdne = inchangé

VWan den Berg et al., pried + hinaaon) Vimine C  fcaroténe Vitamine C
mes el jus de fruis 0,53 mg . - P-caroidn
3 mg 9 mg Witamine
Vitmine C  frcaroténe frcaroiine
105 mg Img
Vimmine ¢ fcariéne Vimmine C  frcaroténe
{ IR M

Freede et al., 2
[24) g o P1 105 mg
P2 333mg 1 mg
kgume g M1 105 mg
M1 : riche en acide oléigue el pauvne en M2 333 mg 1 mg

{valeur exprimde par M) Augmentation F2 et M2 v P1 et P2

AOQ apportés par 1’alimentation sont impliqués dans les bienfaits de
différents « régimes » reconnus pour leurs bienfaits sur la santeé :
Régime méditerranéen et French Paradox




Régime meéditerranéen

R Comesion (en @ (&

Recherche sur ke site gu PCI @

Pages, St i, projals QI

Patrimoine
culture

e immatériel
- immaieel materie

iy,
Hil
s5ad

La diete méditerranéenne
Fihginon kit D oatie, Espagne,

Chyg

v Consommation importante:
- Fruits et légumes frais et variés
% Riches en fibres et
- Fromages ou des yogourts (brebis ou chevre)
& Faible apport AGS,
- Poisson (W3)
v Consommation faible :
-Viande rouge, lait et de beurre
L, Faible apport AGS
v" Lipides sous forme d'huile d'olive
& Acide oléique,
v" Vin rouge consommé modérément

S

S7



French Paradox

A facteurs de risques egaux, les Francais (sud ouest)
ont moins de MCV que la plupart des occidentaux,

Pourtant: Alimentation assez riche en L (foie gras, confit
de canard) et en boissons alcoolisees (vin rouge),

Explications: P&%%%@\
1)- Polyphénols du vin (Resveratrol et ses
métabolites) ont des propriéetées AO -

2)- Graisse canard et oie = HDL

3) Huile d’olive (polyphénols)
(Fllmore et al. 2007; Fragopoulou et al. 2020))

Taux d'infarctus est de seulement 80 pour 100 000 par an, soit 4 fois moins qu'aux Etats-Unis!


http://fr.wikipedia.org/wiki/Foie_gras
http://fr.wikipedia.org/wiki/Confit_de_canard
http://fr.wikipedia.org/wiki/Boisson_alcoolis%C3%A9e
http://fr.wikipedia.org/wiki/Infarctus
http://fr.wikipedia.org/wiki/%C3%89tats-Unis
http://fr.wikipedia.org/wiki/Hydroxyle

2.4- Importance d’une alimentation riche en antioxydants apportés
par les fruits et légumes

Bienfaits sur la santé d’une alimentation riche en AO

Flavonols Flavanones Flavanols Flavones Isoflavones Anthocyanins

\ N\ - » - 3 . ) ]
.‘3 <F 4\) a § e ‘ . https://santecool.net/les-phytonutriments-super-heros-de-la-prevention-sante/

v of antioxid
ed v

Figure 3. Comprehensive graphica

compound identification. This figur

Ayaz et al. (2024) 59



2.4- Importance d’une alimentation riche en antioxydants
apporteés par les fruits et legumes

Diet, metabolic )‘ml}Illnl'g'lhi\lnx and DNA adducts” Marqueurs

the epic-Italy cross-sectional study. de
Palli et al. Int J Cancer 87:444-451. 2000 I’oxydation
de ’ADN

vitamine C

vitamine E

Un régime riche en

|.)' ~-carotene

AO diminue les
marqueurs du SO

* dosé dans des lvinphocytes

60




2.4- Importance d’une alimentation riche en antioxydants apportés
par les fruits et legumes

Aspect synergique des AO d’un aliment - ’effet matrice est important et I’effet AO d’un
aliment sera > aux effets des AO separés l

Prevention of Chronic
Diseases

Improved Cellular Health Enhanced Immune
Function

Outcomes

Reduced Oxidative Stress
Anti-inflammatory

Synergistic Effects of Plant Protects Against UV
Compounds Radiation

Enhances Iron Absorption Flavonoids

Enhances Effectiveness of
Vitamin C _ Other Antioxidants
Antioxidants Carotenoids
Regenerates Vitamin E —
Synergizes with Vitamin E
Polyphenols . . ynere and C
Improves Gut Health Vitamin E

Supports Heart Health @
Protects Cell Membranes

Figure 4. Synergistic enhancement of antioxidant efficacy through plant-derived compounds. This

figure was created with Diagrams: Show Me (accessed on 13 February 2024).

Ayaz et al. (2024)




Bilan 2.4
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http://fr.wikipedia.org/wiki/Cycle_benz%C3%A9nique
http://fr.wikipedia.org/wiki/Hydroxyle

3- Exercice et SO



3.1- Mise en eévidence du SO lors de 1’exercice

» Exercice exhaustif (soit maximal ou si pas maximal doit étre prolongé) qu’il
soit aerobie ou anaérobie = SO

Table V. Human siudes on the effecis of sarcblc exerclse on markers of oxdative siress

Subjects  Markers

& and 100% VOamm 6 UT MDA (&t 40% VOamm) +
MDA (& 70% VOpmm)
MDA (a 100% VOzmay)

Margartiis et &l!'" Triatilen {long distanca) 1BNVT TBARS - GESG
MErzaticn et alre (1 RURMINg (haf-marathan] 6T MDA 1
co
50D - GPYX 1
CAT
Vasankan et &l AUNNINg (marnon) 22vT Tocophenl — TRAP 1
co T
Ratinal — Colsp
Ashton et al.he (1903) WOzmay fE6t [BrpocyTie) 12T TAC T
FR (ESR] - MDA - LH T
child at {1298) Running (hal-marsthan) 17T MDA 1
K T
TEAC - UA T
Liu gt al ™ {1209 Running (maratnon) 1T Oodised LDL T
ouT TRAP — LA T
Thicis 1
Tocopharsl — wit C - vit &
Helistan et al.n® [2001) Two axencises to exhaustion at B0 ET Allariin T
WOz {Cyeiing) LA [muscis) ]
GSH — cysiEine — L
nal et all™ [2001) Swimming (B00m) 0T CAT - GFX T
GSH 1
Mastaloudls et al™ [2001) Running (E0kmi) 1T |zoprostane T

UA - tocophnol -t C
TBARS - neufrophll FR
production

Proizin carbormyis

20D - GPX - CAT

Miyazakl et &' (2001) oz

ergocycie) BUT

{2001} W o8 18T TBARS - CD

TAC - GEH - CAT T

GPX - B0
Dewson et al. ™ [2002) Running {Z1km) BT MDA T
CH — myoglabin T
‘Walking (S06m) 28T Cx T
WaIKIng (80km) 16T Profzin camonyis 1
A T
Ulira BMON (808m) 287 LH — F2-lsaprostans T
witC T
005 Cycling {171km) BT G386 T
UA - tocopherl T
GFX 4

CAT - catalase; GO = conjugatad dienss: CK = Craiine ANase; GOGHY = COSNTYME G ESA = SIECON 5N [E0nance; PR = es adil;
GPX = JUIETIICNE perayiEss; GEH = QUIETIONS; GSSG = ouitsan gunations; LDL - [ow-Bansity Iipoprotein; LH = Ip hydropan:
MDA = makand 2. S0D = SUDEMYte dismutesa; T = franed; TAC = tofal antioedant ca) BARS = thiabamiuric ra
substancas; TEAC = roiox aquivalent antaxkant capacty; TRAP = ol radical enfiosdant potantal; UA = unc ack; UT = untrained; vit =
witamin; ¥T = very trained; ¥Oomay = maximum axygen consumption; | Indicates decrease; T Indicates Increase; «+ Indicaies no chenge
{stabie).

Table V. Human studiss on the afacts of anasr

C SXECise on markers of oxdsTva sirass

H

Stuny (yearn) ACTVLY Subjects MErKamE Efect
Saniin et al "™ [1962) Isometric knee axtension at 60% 1AM TUuT MDA -
Intarmittant — BO min H (blood) T
H (muscie) »
{biood end muscie) »
Elbaw fiaxion — 70 May accenine of concantrc 14 NAT TBARS — CD — MDA a
lons Profein caronyls T
Marzaico st € = 150m sprnts 6T MDA - CD T
30D - GPX T
CAT +
Ortenbizd &1 al™'™ [1387) E bouts of Jumping — 20 58 aach bout aJ MDA »
aur
MicHride et al P4 [1898) Reslstance tralning programme (B exercises, 3 12T MDA 1
5e18 of each falurs)
Chillds et al ™ {2001) Eccentric anm Saxion [cybax) 4ur LH — Isoprosiana T
3 % 10 reps at BI% AM CK — LDH — myogloain 1
S0D T
[ .
Imal at &l 01} 100m swim 8T CAT - GPX T
G5H l
Groussard et al.'™ [2003) Cycing — Wingate 1ests (30 sec) T uaA-wtC I
Tocophen — Wt A l
Groussard &t alii (2003) Cycing — Wingate fests (20 sec) aT ESR signats 1
TBARS l
30D -G2H l
[ .
Ramel et &l"™ (2004) Reslstance programme (10 axercizes — may of 7T MDA »
reps at 75% 1AM) 10 UT CDO {trained group) o
CD {untrained groug) T
Wit A — tocaphen T
Goidiarb ot 81" (2005) Eccantric reslsiance exerciss g uT Profein carbonyls — MDA 1

rapatition

JT - jump trained: LDH - lactsl
Imum; SO0 = SUpemde AismuEse; T = fainet: TEARS = IhoDarminr: 2
ndicates INCresss; < NOCATES No change (stame).

We sUbstances; UA = wic ackl; UT =u

CAT = catalase; C0 - conjugated dienss; CK - creating Kinase; ESR = elsciron spin resonance; GPX - JUiEthions peroxkass; G5H - guiEnions; GSSG - oidisad glutatnions;
hydrogenase; LH - lipid hysoperodde; max - maximum; MDA - makndiaidshyde; NRT - non-fesisiance trained: reps - rapstiions; AM -
Ined; Vit = vitEmin; L Indicates decresss; T

Finaud et al. (2006)

» EXo peu intense =>» pas de SO




3.1- Mise en evidence du SO lors de 1’exercice

3.1.1- Mise en évidence directe: NOVEIROSED TS EXBROSE EXWUSTED TS

Control Liver

> Exercice aérobie exhaustif: bk,

. Animal: exo aérobie sous max.— - by,
epuisement = A P° RL au niveau foie et
muscle x 2 et 3.

Control Muscie

Wiy, AR,

I'H\\:\«,‘ ‘I"."- \\ 1l ‘i
« Homme : VO,,,., = & signal RPE dans Muscle ¥ g

le sang

> Exercice anaérobie;

» Test de Wingate
Groussard et al. (2003) Asthon et al (1998)

Reécupération

2 RL a 20 min de récupeération / repos.

signal multiplié par 3 / repos.




Tabla |. Efiecis of sxamcisa on thicbertituric ncid (TE&AS)

Study* Asnyy Examisa projccl Subjects Riasting THARS + 2D
{lemaollL)
Vinikka ot oM™ Flucen Max-tas! oycke 10T M 20+ 0.4
Lowfin et ol = Spec 5 min oyoke 4% eUTM 226 & 0.0 menolf]
- 4 - s min oycke 0% 8
3.1- Mise en évidence du
" Kamar a1 alAn Spac B0k Fun oTM 36+ 0B S5F
Maughan et al ' S 45 min down-kill run 16 UTM 20404 MC
J : Duthia ot &l Fhioen 21km run TTM 1.52 £ 0.23 418
Ors e eXerC IC e Kretzschmar a1 al 7= Fluoen Man-tas! oycla TUTM B4 T4 12
ETM .20 & 034 2
Sahln at al!™ LWHPLT Cyclo DB% fo o BMT M w0 M
Kantar ard Eddy™ Bpec 30 min B0%E min 90% 20 TAUTM ¥ -3¢
Ji Spec Cycla 70% fio g BTHEM oiE £ 003 430
Moewal ot ol ™ LNMHFLG &0 min box-stapping BUT M DB £ 012 +38
. R . . Rokitzl of ol P S Max-ast cycle 15 TH T.E+ 2B 3
3.1.2- Mise en evidence indirecte e = g
0 0 30 min oyde AT 1.2 + 0.3 e
30 min oyde AnT A 0 -+
Harimann al al Fluoen Mlaor-Sas! run EUTM 2.6 + 0B +15
Vasankari ot alF Spac 1km run ETM 1.05 £ 0.0 7
10fm: run TTM 0.08 2 0.08 11
Nigzs ot al == Flucen Max-2ost run SUTM 2.58 2 0.63 +12
Aleasio o1 ol F=1 Fluoen 30 min un BI% o MT M 0G0 £ 012 a7
) [ ) Dufnu ot ol FlucenHPLC 2.5k nun 1z MT W 0B+ 01 MC
CheZ l anlmal et CheZ l H()mme Margariis af al FlucenHPLC Triathlcn 12TH 4.54 3 07D menoll &
3 Ashion ol ol ® FlacenHPLE Max-tas! oycke 1z UT M 00 2 0S5 +18d
laexercice aéroble eXhaUStIf 9 SO Child at ol =1 FlucenHPLE 24km run 1T T 1.48 2 0.30 a1
Marzatico =t al'™ Bpec Haif masathan ETM 202 2 04 +80°
& = 150m: sprnt ETM Z.B5 2 D3 +22F
Srcresnink of ol = Nal given Mlaor-%as1 run 12TM 1.80 £ 0.08 18
Ao at ol FluoenHPLC Max-tas! oycla 1I0UTM 0.7 2 000 18
Borsheim at ol == Bpec 20 min oyde 5¥% eMTM 1.68 2 .08 +a3
Chung &t al = Spec (THARS) 30 min un T5% TUTF DES £ DLOS MC
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a
b Tha
o A Exorosa is tha change caused by axcrciss, and has been cstimatod from Sguncs: i not sisted i tha onginal articla.

Marqueurs de la peroxydation lipidique = TBARS  Exa
(NIeIS et al 2005) :nTu;::::r\;:-c '.::::'\-n-d: AT = perobic threshokt: exh

g

saustion: F = femalkes: Buore = fucromainic; HPLG = Righ-pericemancs Bousd
chromaogmphy; LT = lkectate threshokd; M makes; max-ost = cdeastve ncremental 1ost MOA - malondinkdeiyde; MP1 N
mathyl 2 phomyindcline: MT = modomitcly trainod; MWC = maxmal voluntary contraction; NC = no change; speo = spactophotomant ic;
submax - submaximal; T = treined; UT = untrained; ? indicales informason not provided in ongimal anicle




3.1- Mise en évidence du
SO lors de I’exercice

RuRNing {marst

3.1.2- Mise en évidence indirecte

Running {hal-marathan)

Chez I’animal et chez ’Homme, I’exercice
aerobie exhaustif = SO

Ll et al®=A b Running {marathon)

Hedlstan et al.n=

A A Marqueurs de 1’oxydation des
protéines (peu d’études)

Running {21kmij)

Chewlon et &l

Palmear at &R

Finaud et al. (2006)



3.1- Mise en evidence du
SO lors de ’exercice

3.1.2- Mise en évidence indirecte

Chez I’animal et chez ’Homme, I’exercice
aerobie exhaustif = SO

A A Marqueurs de I’oxydation des
protéines (peu d’études)

Wadley et al (2016)

Study
Referenc

Participant characteristics
Sample, gender, and
training status

A. Increase in PC concentration post-exercise

Lamprecht et al. (30
Bloomer et al [7
Wadley et al [12)
Wadley et al [9]

chailidis et al. [31)

er et al 38

Alessio et al [72)
Nikolaidis et al. [36
Nikolaidis et al. (73

Bloomer et al [74]

Goldfarb et al [75)
Bloomer et al [76)
Goldfarb et al [77]
Bloomer et al [37]

Wadley et al [78

Turner and Aldred (unpublished w
Chevion et al. [16]
Wadley et al (8]

Morillas-Ruiz et al. (51

. No change in PC concentration post:
Shi et al. [46]

Bloomer et al [15

Rahnama et al, [47]
Kabasakalis et al. |

Gaeini et al [49
Magalhdes et al. (S0}

*Some partidpants are defined as M-TR

Numbers following CYC, TM, RUN, SWIM, WK, EC-EX represent (in order): exercise intensity (
timepoints assessed post-exercise (minutes, hours, or days). Numbers in brackets following 1

exercise bout/s and akered timepoint
Definitions: M

highly trained (defined a5 VOnmex >65

WK, walking exercise; EC-EX, eccentri

4, M, M-TR

15, M (8), TR,

13, M, K-TR

12, M+F, UT (RA)

1, M UT

9 M, M-TR
12, M (9)+F (3), UT
9, M, UT
2, M(1)+F (11), TR
5. M, UT
25 (M)+23 U
, 25 (M) +23(F), UT/M-TR
2, M, M-TR
, M, UT*

M

M-TR

H-TR

, M-TR

, H-TR

, UT

M-TR
xercise

NR

uTt

or

Mode (intensity, duration or
distance, post-exercise
timepoint/s assess tis!

CYC (70%/75%/80%; 40 min; IP/30/60
min post-ex) - PC plsma
CYC (70%; 30/60/120 min; IP/30/60
min post-ex) - PC plasma
CYC (EXH; 60 min; IP post-ex) - PC
serum
CYC +TM (70%; 30-40 min; IP/30 min
post-ex) - PC plasma
45 min + EXH; 1P/0.5/1/2/3,
6/8/10/24 hours post-ex) - PC

; 174+ 60 km; 1P/24 W7
d/28 d post-ex -~ PC plasma
A (EXH; NR; IP, 60 min) - PC serum
A (EXH; 12/50 min; IP) - PC serum
SWIM (70-75% of 50 m max velocity;
12 % 50 m; IP) - PC serum
TM (EXH; + 3 min intervals (increased
speed and gradient); IP) - PC
plasma
T™ (80%; 30 min; IP) - PC plasma
A (80%; 30 min; IP) -~ PC plasma
A (75-80%; 30 min; IP) - PC plasma
CYC (all out sprint to EXH; 30 s; IP)
PC plasma

TM (EXH; NR; IP) - PC plasma

2/4 h post-ex
2 hours) - PC

PC phsma

WK (N 50/80 km; IP) - PC plasma

CYC (60/80%; 20/27 min; D/30 min
PC plasma

CYC (70%; 90 min; IP

CYC (EXH; 15 min; IP)

PC phsma

CYC (107-136%/50%; 2.5/8.5-15 min:
total workload 40 J matched:
IP/3/924 h) ~ PC serum

CYC (70%; 30 IP/1/6/24 h
plasma

CYC (EXH; NR; IP) -~ PC serum

SWIM (NR%%; 505 +15.0 km; IP) - PC
plasma

CYC (EXH; NR; IP) = PC serum

EXH; NR; IP/60 min) - PC plasma

Change relative to
pre-exerdse values
(trial and timepoi

IP/30 min)
C (120 min; 60 min peak)
(P)
PC (30 min peak)

1 PC (4 hpeak)

1 PCOP, 24 h; 7 d)
1 PC(IP)
1 PC (P)
1 PC (P)

1 PC(IP)

(P)

| PC(IP/2/4 h)
PC (IP)

| PC

| PC (50/80 km; P

| PC (60/80%; IP)

| PCOP)

» PC
PC

» PC

PC

+, Unless stated), duration or distance of exercise and
represent (in order,

significant finding in specified

relative to pre-exercise levels (for simplicity, only peak timepoint reported in some studies

mi/kg/min); VNR, not reported.
exercise protocot PC, protein carbo

to exhaustion; RA, rheumatoid arthritis patients.

1: significant increase from pre-exercise

lue; |: significant decrease from pre exercise value;

no significant change.

men; W, women; UT, untrained (defined as VO, <50 mlikg/min); M-TR, moderately trained (defined as VOyr,, 50-65 mi/kg/m
YC, cycling exercise; TM, treadmill exercise; RUN, running exercise; SWIM, s
As; IP, immediately post; D, during the last minute of exerdse bout; EXH, exercise




3.1- Mise en evidence du
SO lors de ’exercice

- 7 = = =] 7 -
3 ) l ] 2 - M Ise e n eVI de n Ce I n d I re Cte :Ilr:.ladr:er ot a1, (2008) [ Method SMD (::gges q) po\.f;olllle R:ﬂ;i;/gn) Random Effects Model (95% CI)

Inoue et al. (1993), swimmers -0.702 0.130 10.24

Inoue et al. (1993), runners 0.788 0.092 10.22

Itoh et al. (2006) [60 -1.268 0.015 9.81

Meihua et al. (2018) 1.596 0.001 10.00

Revan (2011) [61] 14 -0.971 0.013 10.76

9 0 9 9 . Saritas et al. (2011) [63] 0.189 0.524 11.32

Chez I’animal et chez ’Homme, I’exercice Qe
9 Sato et al. (2003), sedentary -1.431 0.008 9.72

7 Q = Shi et al. (2007) [57] 3.114 0.001 7.08
aerobie exhaustif = SO
—— Davison et al. (2005) [65] 1.480 0.010 4.34
Fogarty et al. (2011),100% [ 1.524 0.001 4.87

Fogarty et al. (2011),70% 1.395 0.002 4.91

Fogarty et al. (2011),40% 0.000 1.000 5.12

Fogarty et al. (2013) [66] 2.569 0.000 437

Hartmann et al. (1994) [ 1.814 0.030 3.28

L) \ L4 Hartmann et al. (1998) [69] 0.748 0.177 4.42

z Marqueurs de 1 ADN (tres peu d etude Kim et al. (2018), olympic c [ 0.596 0.156 5.01

Kim et al. (2018), 02 ¢ [79] -0.978 0.025 4.94

- hY H Liu et al. (2015) 1 1.637 0.003 4.43

et A que pour exercices tres i ntenses) Mastaloudis et al. (2004), m (51] 0.056 0s22 435

Mastaloudis et al. (2004), f [51] -0.399 0.490 4.32

Meller et al. (2001) [ 0.317 0.483 4.87
Paik et al. (2009) [ 2.373 0.000 4.36
Peters et al. (2006) [ 0.583 0.320 4.29
Ryu et al. (2016), 10km [40] 2.537 0.000 4.28
Ryu et al. (2016), 21km [40] 2.768 0.000 4.17
Ryu et al. (2016), 42km [40] 2.172 0.000 4.45
Tanimura et al. (2008) [7 0.801 0.036 5.16
Tsai et al. (2001) [ 0.212 0.565 5.22
Turner et al. (2011) 1.451 0.004 4.62
Williamson et al. (2018) 2.482 0.000 4.31
Subtotal Comet 203 1.140 100
Overall 312 0.875

Heterogeneity: Chi® = 5.25, df = 31 (P = 0.02); I? = 82.12% 8.0 -3.00
Test for overall effect: Z score = 4.58 (P = 0.001) Rest Exercise

vidual trials and pooled data (random mode shown and grouped
by method of quantification. ¢ course, m males, f females

Tryfidou et al, 2020

Radak et al. 2003



3.1- Mise en eévidence du SO lors de 1’exercice

3.1.2- Mise en évidence indirecte

Chez I’animal et chez ’Homme, I’exercice exhaustif active le systeme AO

SOD: A acte dans de nombreux tissus (Ji et coll. 1993, Alessio et
Goldfarb 1988).

&, Activation en réponse a une sur P° O,
GPx: Resultats contradictoires.
Pas de changements (Brady et coll. 1979, Ji et coll. 1990).
A Ji et Fu 1992, Oh-Ishi 1997.

CAT: pas d ’augmentation (Meydani et Evans, etc...)



3.1.3- Les EAQ produits a [ 'exercice entrainent une faticue musculaire:

- Une [EAO], ... €St Nécessaire pour P° Force (cf avant — Reid avec ajout d’AO)

- Hypothese role EAO dans fatigue testée par traitement en AO (NAC ou Tiron...)

Rhythmic Fatigue 2 (37 °C)
Contraction 100

sz
I
|
{‘/I

|

l /z Saline

l
i

20

)
=
o
w
[
[==]
W
c
h=)
w
c
L

ime (minutes)

Force (% Intial)

from Ref. [28]. M8, Resd / Free Radical 85

[Reid et al. 1993, 1994, Moopanar et al. 2005, shindo et al. 1990]

Le piégeage des EAO par AO (enzymes ou non) N fatigue musculaire




Bilan 3.1- SO et exercice




3.2- Mécanismes de production des RL lors de 1’exercice

Les mécanismes dépendent du type d’exercice
Activité des enzymes pro-oxydantes (NADPHox ou NOX +++ et XO++) l
Mitochondrie +

Exercise

(intense to moderate) He et al. (2016)

Isometric
Exercise

L

-~
{ Orther Types of Exercise

e.g., Aerobic Besistance
Exercise )

—
N’augmente paS VOire ’Eh‘ [ Sprint Exercice ]

+faible qu’au repos T

Sympathetsc ..
g I- Nervous System Antioxidant
H O-
Oe

o) ° 20

O Ga Oxidative Stress Adaptive Response |

Flgure 2: Relative contributions of specific sites 03°/H;0; production to total HyO; production by ‘

Mild aerobic exercise Intense aerobic exercise

isolated rat muscle mitochondria under different bioenergetic conditions The relative contributions

of specific sites when mitochondria oxidize different substrates as indicated, or mixed substrates under

experimental conditions mimicking rest, mild aerobic exercise and intense aerobic exercise are shown. The |||5|-|5|||5H'\|H|E51|-""-'i="ﬂ Muscle Fatione Beduction
diameters of pie charts are proportional to the total rates of mitochondrial HyO; production. Total rates DNAD . -

of mitochondrial H2O; production (pmol H207 /min/mg protein) were approximately 890 (succinate), 620 Ferd Ll Substrate Metabolism
(glycerol-3-phosphate ), 200 (palmitoylcarnitine), 180 (glutamate plus malate), 340 (rest), 80 (mild aerobic Lgpid Peroxidation Skaletal Muscle .-\d:gﬂnl:un

exercise) and 30 (intense aerobic exercise). B e
Protein Owidation E ring E: 0
: ollowing Exercise

Muscle Damage Improved Antioxidant Defense
Contractile Dvsfnction Syatem

Wong et al. (2017)

FIGURE 1 | Schematic illustrating ROS generation during different types of exercise and their associated roles in adaptive response. The dash amow

raprasants an indirect effect. Abbreviations: reactive oxygen species (ROS); NADPH ocwadass (MOX); xanthine cxidase (M0); mitogen-activated protein kinase (MAPK);
nuclaar erythroid 2 p45-related factor 2 (Nrf2); nuclear factor kB (NF-«B).

(Kavazis et al. 2009, Powers et al. 2011, Aydin et al. 2009, Pearson et al. 2014, Michaelson et al. 2010, Laker et al. 2014 et 2017)



A I’exercice la part des ROS produite par la mito N au profit des sources EC

Mason et al. 2020

2
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[2}
o
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3
(&)

Non-mitochondrial ROS

our
Recovery

Fig. 1. Proposed rela rces of ROS to overall cellular ROS levels in skeletal muscle during and in the
inutes and hours fol dur: ise. m S, mi pndrial transition spike (refer to text and reference [71]).

Respiration rate
(nmol O .min'1.mg protein”
(pmol. min™. mg protein'1)

Goncalves et al. (2014)

74



La [H,0O,] & effort et c’est la molécule principale de signalisation pour les adaptations

Skeletal muscle fiber at rest Contracting skeletal muscle fiber

[HzOzl i - [HEU'Z]
10-12 pM ;ﬂ\oa_ H:0: 15-20 uM

Extracellular _x 02" +H;0; ng__ — :zgz
2 2

A A o - A o .q-.q-.--.-ﬁ L L L ----q-.----

NOX2 ﬁb | Nmtz r~5

F o

r : Fal D
Intracellular © J*H*D* - :' e

- 5 H.0
F'LAZ/ / 202
[H101] : [Hzoz]
0.01-0.10 pM: 0.1-0.20 uM

Fig. 2. lllustration of the predicted extracellular and intraceliular concentrations of H2O;
in skeletal muscle fibers at rest and during contractions. H;O> = hydrogen peroxide;
NOX2 = nicotinamide adenine dinucleotide phosphate oxidase 2; O;™ = superoxide
anion; PLA2 = phospholipase A2; XO = xanthine oxidase.

Radak et al. (2024)




3.3- Effet de ’entrainement

3.3.1- Entrainement aerobie (MICT et HIIT)
- Etudes longitudinales

N Marqueurs du SO au repos et en réponse a I’exo
ADN: Trop peu d’études (Lui et coll. 2000, Radak et coll. 1999).
Lipides: Effet bénéfique de I’entrainement au repos
et a I’exercice +++

Proteines: N des proteines carbonylées (witt et
coll. 1992, Sen et coll. 1997...).++

9 sem de nage (animal)

main effect training (p=0.034)

=
g
E
=
L
A
==
-
&

Bogdanis et al. (2013)




3.3- Effet de I’entrainement

- Etudes longitudinales

2 Activite des enzymes antioxydantes

SOD: & (Alessio et Goldfarb 1988, Ji et coll. 1988...).
GPx: & (Criswell et coll. 1993, Lauglin et coll. 1990...).

CAT: A plus controversé

Powers et al. 2022 issu de Powers et al. 1994

Gastronemius muscle

s -+ (~75%VO; max)

Total SOD Activity
%Control
= NWhAOO
OO0 0000

-~ &4 -« (~55%VO; max)
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®
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« ~75% VO, max
/# e ~55% VO, max
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Figure & Glutathione peroxidase
activity (8] in rat diaphragm. WValues are mean = 3EM; n
in each group. *Significartly different from UR: p < 0.05; Tsignifi-
cantly different from UR: p =< 0.05.

TH

(GFX) activity (4] and catalase

Sto &




- Etudes longitudinales

Recovery

=

10 min

[ ] 5 POST Trg

6 wks training

Baseline 08
e P T

§ .
evaluation evaluation

FiGure I: Sketch of the experimental protocol adopted to measure ROS production rate in swimmers. The data were collected at REST, at the
END of the incremental arm-ergometer exercise (IE), carried out up to voluntary exhaustion, and at 10 min of the recovery period (see upper

part of the figure) both before (PRE Trg) and after (POST Tre) training (lower part of the figure)

180

160

140 4 ’7
120 4

100 -

END

Time (min)

FIGURE 4: Time course of antioxidant capacity (n\W) before (REST)
and immediately after the IE (END) and at 10 minutes of recovery
PRE Trg (full squares) and POST Trg (empty squares). Changes over
. two sessions of IE are shown: PRE Trg (full squares) and POST Trg " yvere significant in PRE Trgat P < 0.001 8t the END)of exerctse
Maleal RepOS Mudeebdpblean bl 18 ([l squares) anc POST IY8  and during recovery (10 minutes after exercise) (5); in POST Trgat

empty squares). Changes over time were significant at P < 0.05 b ¢ 0,001 at the END (§) and P < 0.05 during recovery (10 minutes
after exercise) (*); P < 0.01 between PRE Trgand POST Trgat REST
END, and 10 minutes of recovery (# symbol)

Time course of ROS production rate (umol-min™")
d by EPR technique before ( 2 3 fter the

IE (END) and at 10 minutes of recovery. The data obtained during

during recovery (10 minutes after exercise) in PRE Trg (+ symbol);
P < 0.01 comparing peak levels in PRE Trg versus REST (# symbol);
P < 0.001 between PRE Trg and POST Trg at REST, END, and 10
minutes of reco (§ symbol).

Homme: entrainement en
Souris: 10 sem natation

d’entrainement en natation _
Mrakic-Sposta et al. (2015)
N P° ERON par mitochondrie au

A P° ERON par Uexercice chez E vs NE

repos et a l’exo




- Etudes Transversales (Hommes E vs NE)

[marqueurs de la peroxydation Iipidique]masm. E>NE

(Mena et al. 1991, Balakrishan et Anurhada 1998, Marzatico et al. 1997, Santos-silva
et al. 2001)

AQO et [GSH]sg. E < NE (Balakrishan et Anurhada 1998)

Balakrishnan Controls S|‘l{'11'lhmun
and anuradha =" e
et coll. (1998) =7 = 20)

TBARS (ymoles 1) YYs [STIGRH TG

. , - SOE>NE
Diene conjugates (A 233 215 I 08 + 007 TR+ 03075

t-Tocopherol fmg di ) 137 +|]4J, 119+ (149
Ascorbic acid (mg dl ) 94 (). 1H()55
Reduced glutathone mg dl ') 34 %ll+ RN TR AO E<NE

Ceruloplasmin (mg di g 1624+ 460 394“;‘?-["14\?’:: -0




- Etudes Transversales (Hommes E vs NE)

Marqueur du SO chez des footballeurs et basketteurs professionnels belges (Pincemail et al.,

2000)
O football l

muUl/ml

|l T T B =l PO I
H il gl gl il dl il i
12 13 14 15 16 17 18 19 20 21

valeurs normales : 200- 600 mUI/ml

Adaptation au stress : expression de la SOD (Mena et al., 1991)

évolution des antioxydants

adaptation au stress

intensité du

La SOD s’adapte lorsque le I’intensité (stress) est modéré sves xydatt




- Relation avec VOZ maxx

2 [marqueurs de la peroxydation lipidique];,sm

(Koska et al. 1998, Groussard et al. 2003)
' A VO, max

A [Antiox. non enzymatiques] s, €t [GSH],,

(Bergholm et coll. 1999, Robertson et coll. 1991, Sharpe et
coll. 1996, Balakrishan et Anuradha 1998)

mm) Effet aggravant de I’entrainement vis a vis du SO ?

Bergholm et coll. 1999 81




SO chronique ?

Hypothese pour expliquer ces divergences:

\
Entrainement inadaptée ou excessif
+ > SO chronique ?
Faible statut antioxydant
~/

Les adaptations enzymatiques bénéfiques induites
par |’entrainement seraient insuffisantes pour
proteger contre le SO



3.3.2- Effet de I’entrainement anaérobie

» Beaucoup moins étudié et études bcp + récentes

» L’entrainement en sprint/force chez I’animal et
I’homme => A I’activité des enzymes antioxydantes
(adaptation de I’organisme).

Table VIII. Human studies on effects of anaerobic training on markers of oxidative siress
Study (year) Activity Subjects Markers
Hellsten et al.o" {1996) 15 % 10 sec of anaerobic exercise 11 UT GPX — CAT
(50 sec rest) 3 x wk — 7wk sSOoD
Ortenblad et al.l'%® (1997) Jump training wod samplesat 8 Tvs 8 UT CK (after exercise)
rest and after 6 x 30 sec jumping MDA (after exercise)
S0D - GPX (at rest)
CAT (at rest)
Marzatico et al.l's8] (1997) Running (sprint): blood samples 6 Tvs 6 UT MDA
at rest cD
SOD - GPX
CAT
Rall et al."**! (2000) Progressive resistance strength 8 UT elderly, 8 T and 8 UT  8-OHdG (in both groups)
training 12wk with rheumatoid arthritis
Vincent et al.2®! (2002) Muscular exercise (50-80% 1RM) 84 UT elderly TBARS - LH
3 = wk —6mo Thicls

8-0OHdG = 8-hydroxy-2 C ;
MDA = malondialdehyde; RM = repetition _ :
substances; UT = untrained; | indicates decrease; T indicates increase; « indicates no change (stable).




Bilan 3.3 - SO et entrainement

Entrainement aerobie :
Etudes longitudinales : Effets positifs de I’entrainement (N des marqueurs du SO,
car N de laP° RL et 9 activité des enzymes AO)

Etudes transversales: résultats moins nets surtout chez SHN ou on peut parfois
observer un SO chronique (entrainement trop | / apport en AO?)

Entrainement anaérobie: études plus recentes et effets identiques aerobie

Exercise training -induced changes in
skeletal muscle antioxidant enzymes
+ limitées + limitées
Endurance exercise High intensity Resistance exercise
training interval training training

SOD (total) ¢ SOD (total) ? SOD (total) ¢
sSoDp1¢ SOD1 ? SOD1 ¢
sop2t SOD2 ? soD2 ¢

GPX (total) ¢ GPX (total) ¢4 GPX (total) 4
GPX11¢ GPX1? GPX1?

CAT ¢ CAT ? CAT ¢
PRDX5 ¢ PRDX5 ? PRDXS5 ¢
TRX ? TRX ? TRX1 ¢

Figure 5. Summary of the effects of exercise training on the abundance/activity of antioxidant
enzymes in skeletal muscle. SOD (total) = superoxide dismutase 1 + superoxide dismutase 2; SOD1 =

superoxide dismutase 1; SOD2 = superoxide dismutase 2; GPX (total) = all glutathione peroxidase
isoforms in fiber; GPX1 = glutathio: AT = Thioredoxin 1 5
Peroxiredoxin 5= PRDX5. Arrows signify exercist ced increases in antioxidant activity. Question

marks (?) indicate that it remains own as to whether exercise increases the activity of select

antioxidants. Figure created by BioRender.com. Powers et al . (2023)




Bilan 3.3- SO et entrainement

TRAINED

A

ADAPTATIVE
RESPONSE

Higher
oxidative
tolerance

Antioxidant
defences

Clemente-Suarez et al. (2023)

UNTRAINED

HYDROGEN
PEROXIDE

NO ADAPTATIVE

RESPONSE
SUPEROXIDE

HYDROXYL RADICAL

Lower
oxidative
tolerance

Weakened
antioxidant
defences

Muscular
contraction

85




Bilan 3- exercice et SO

single bout of.exercise,

increased oxidative stress ——> decreased physiological function
(MDA, RCD, 8-OHdG)

limited adaptation

regularexercise

Improved redox state —— decreased oxidative stress

\ (MDA, RCD, 8-OHdG)
\ \ \ enhanced level

of adaptation

| | (antioxidant and repair systems)

improved physiological function, retarded aging
(improved resistance against oxidative stress, improved cognitive function
and endurance, retarded tumor development, disease prevention, etc.)

Radak et al. 2013 86



4- Complémentation en AO a I’exercice/entrainement

Exercice Entrainement: _

i

A pertes

i

.




4.1- Effet d’une carence d’apport en AO

A [vitamines antioxydantes] plasmatiques et
tissulaires

(Salminen et coll., 1984; Kelly et coll., 1996; Packer et coll., 1986)

2 Dommages oxydatifs

(Tiidus et Houston, 1994; Dillard et coll. 1997; Dabvies et coll. 1982)

N Performances sportives

(Packer et coll., 1986)
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4.1- Effet d’une carence d’apport en AO

Pas d’expérience de carence d’apport chez ’homme

& Etude en fonction du statut initial

Pachalis et al. (2014) :

Eur J Mutr. 2014 Dec 20. [Epub ahead of prin]
Low vitamin C values are linked with decreased physical performance and increased oxidative stress: reversal

Plus faible VO, carences vs non carencés
% La complémentation en vit C & VO, chez carencés
Marqueurs SO ¢levés + au repos et en réponse a I’exercice chez
carencés vs non carenceés
& La complémentation en vit C N SO de repos dans les 2
groupes mais de maniere + impte chez carences
%, La complémentation en vit C 8 SO post-exo chez
carencés

89




4.1- Effet d’une carence d’apport en AO

Pas d’expérience de carence d’apport chez ’homme

Pachalis et al. (2018) : La complementation en NAC augmente les
perfs et reduit le SO chez les carences uniguement

(ml/kg/min)

Wmax (Watt)

VO;max

Moderate ig Moderate Moderate

=z
©
E
£
2
]
o
©
-

Mean power out

Moderate Low Moderate High Moderate

D Pre-supplementation Post-supplementation 90

Fig. 3. Exercise performance in the three experimental groups (n = 12 per group) pre and post NAC supplementation (mean *+ SD). (*) indicates difference compared to pre-supple-
mentation in the same group, (b) indicates difference between low and high glutathione groups at the same time point.




4.2- Apport complementaire en AO chez I’ Homme sur le
statut pro/antioxydant

» Complementation en AO largement pratiquée chez

les sportifs (Sobal et al. 1994; Maughan et al. 2007, Petroczi et
al. 2008, Braun et al. 2009)

> Au préalable:

1)- Vérifier apports par questionnaires alimentaires - souvent faibles (Vit
E+++, vit C+, ok pour B-caro)

o Patineurs pcaiias Triathloniens
Apport en vitamine Population totale ANC Test-t apparié a Ski variées
(mg/.]) (D:3 7) (mg/.]) . {Rankinen et (Ziegler et (Guilland et (Margaritis et (Palazzetti et .
Vitamine E 4.6(0.4) 18.6 (0.95)*+* p<0.001 coll., 1998) coll., 1998) coll., 1998) coll, 1997) coll.,, 2004)
Vitamine C 1.1 37 i i Age (années) 19,7 +36 165+16 197+06 332:98 332+98
B-caroténe 5.7 (0.6) 2.8 (0.08)*** p<0.001
Vitamine E Vitamine C Beta-caroténe Vitar!"jne E
371 % et (mg.i”) BUFFISANT
13.5 %
. Vitamine C 203 +202 187 + 76
88.9 % (mg.j") L= |
0T 0-50%
0% — T Rétinol 17+11 10401  12+03
11% o i)
11.4% e . > 150 % (mg.j
* Apport vitamine E inférieur 4 la norme msspe- 100 % ne couvrent pas ’apport B-caroténe 3,8+01
» Apport vitamine C inférieur 2 la norme ss—fp 77 % ne couvrent pas l’appi)rt9 (mg ") 107
*Apport B-caroténe supérieur aux normes E——f)- () % ne couvrent pas l’appo%

2)- Vérifier le statut antioxydant plasmatique (déficit ou carence)



4.2- Apport complementaire en AO chez I’ Homme

4.2.1 - Effets de la complémentation sur la performance

© Pas d’amélioration des performances physiques pour les vitamines
(Sumida et coll., 1989; Heilgheim et coll., 1979; Gey et coll., 1970; Keith et Merryl, 1983)

NAC improves muscle performance

Performance
Noe
No effect
No effect
No effect Reid ot al

Matuszezah et al

Imp so

% Improvement in performance

wdicate that b cular fatigue

NAC = | yleysteine. gp : I

Table 1 Results of the studies with endurance trained volunteers supplemented with vitamins A, C, and E wers ef al.

Study Experimental Sample Duration Suplementation protocol Result

design Vitamin A Vitamin C Vitamin E Ergogenic Ergolytic

Tau C 15 athl * 0 r ng — —
Gauche et al Ranc d 22 athletes
netal [10 Rando C 15 athl

Patil et al. [11] domized, athletes

Lc etal[ C C 16 athl

* Vitamin C supplementation occurred only in the last 15 days of the study; T Improv erformance - - =
Nikolaidis et al. (2012)



4.2- Apport complémentaire en AO chez ’Homme

4.2.1 - Effets de la complémentation sur la performance

©® Pas de modification des performances physiques pour les vitamines

Confirmation avec Méta analyse de
Clifford et al. (2019) avec Vit C et E

Std. Mean Difference
Study or Subgroup IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Morrison et al. (2015) 0.02[-1.16,1.21]
Gomez et al. (2008) -0.87 [-2.03,0.29)
Roberts et al. (2008) -0.40 [-1.40,0.59]
Yfanti et al. (2011) -0.20 [-1.06, 0.66)
Yfanti etal. (2012) -0.03-0.89,0.82)
Collins et al. (2003) -0.30[1.12,053)
Jessup et al. (2003) 0.05-0.68,0.77)
Paulsen et al. (2014a) 0.01 [-0.52,0.54)

Total (95% CI) -0.14[-0.43,0.15)]

Heterogeneity: Tau®= 0.00; Chi*= 2.65, df=7 (P = 0.92), F= 0%

Test for overall effect: Z= 0.94 (P = 0.35)

Figure 4. Forest plots showing the effect of vitamin C and/or E on v Oamax-

Endurance

Figure 5. Forest plots showing the effect of vitamin C and/or E on endurance performance.

Std. Mean Difference

Study or Subgroup IV, Random, 95% CI

vours control Favours vitamins

Std. Mean Difference
IV, Random, 95% CI

Roberts et al. (2008)
Nalbant et al. (2009)
Collins et al. (2003)
Paulsen et al. (2014a)

0.02-0.96, 1.00]
-0.00 [-0.86, 0.85)
0.21 [-0.61,1.03]
-0.11 [-0.64, 0.43)

Total (95% CI) -0.01[-0.38, 0.36]

Heterogeneity: Tau®= 0.00; Chi*= 0.40, df= 3 (P = 0.94), F= 0%

Test for overall effect: Z=0.04 (P = 0.97)

performance tests described in Table 1.

Std. Mean Difference
Study or Subgroup

IV, Random, 95% CI

1 2

control  Favours vitamins

Data from Roberts et al. (2011) is a pooled average of the

Std. Mean Difference
IV, Random, 95% CI

Yfanti et al. (2017)
Dutra et al. (2019)
Dutra et al. (2018)
Theodorou et al. (2011)
Bobeufet al. (2011)
Bjemsen et al. (2015)

Total (95% CI)

Testfor overall effect: Z= 0.94 (P = 0.35)

-0.17 [-1.15,0.82)
0.56 [-0.27, 1.40]
0.05-0.71,0.81]
-0.02-0.76,0.72)
0.28 [-0.43, 0.99)
0.14 [-0.54,0.81]

0.15[-0.16, 0.46]
Heterogeneity. Tau*= 0.00; Chi*=1.75,df= 5 (P = 0.88), F= 0%

s .
+ +
2 -

Favours control Favours vitamins

Figure 7. Forest plots showing the effect of vitamin C and/or E on muscle strength. Data from Bobeuf et al. (2011), Bjornsen et al. (2016), an(
is a pooled average of the tests shown in Table 2.

Confirmation avec revue de question de
2020 avec Vit C et E

Iniernational Journal of .
Environmental Research
and Public Health M DPI—'

Review
Antioxidants and Exercise Performance: With a Focus
on Vitamin E and C Supplementation

Madalyn Riley Higgins !, Azimeh Izadi 20 and Mojtaba Kaviani 1+
1 Faculty of Pure and Applied Science, School of Nutrition and Dietetics, Acadia University, Wolfville,
NS B4P 2R6, Canada; 136385h@acadiau.ca
Department of Biochemistry and Diet Therapy, Faculty of Nutrition and Food Sciences, Tabriz University of
Medical Sciences, Tabriz 5166/15731, Iran; izadisahar7@gmail.com
Correspondence: mojtaba kaviar cadiau.ca |.: +1-80 5-1584
Received: 27 September 2020; Accepted: 6 November 2020; Published: 15 November 2020 iy il
Abstract: Antioxidant supplementation, including vitamin E and C supplementation, has recently
received recognition among athletes as a possible method for enhancing athletic performance.
Increased oxidative stress during exercise results in the production of free radicals, which leads
to muscle damage, fatigue, and impaired performance. Despite their negative effects on
performance, free radicals may act as signaling molecules enhancing protection against greater
physical stress. Current evidence suggests that antioxidant supplementation may impair these
adaptations. Apart from athletes training at altitude and those looking for an immediate, short-term
performance enhancement, supplementation with vitamin E does not appear to be beneficial.
Moreover, the effectiveness of vitamin E and C alone and/or combined on muscle mass and strength
have been inconsistent. Given that antioxidant supplements (e.g., vitamin E and C) tend to block
anabolic signaling pathways, and thus, impair adaptations to resistance training, special caution
should be taken with these supplements. Itis recommended that athletes consume a diet rich in fruits
and vegetables, which provides vitamins, minerals phytochemicals, and other bioactive compounds
to meet the recommended intakes of vitamin E and C.

Keywords: sport performance; altitude training; resistance exercise; dietary supplements; free radicals

Effets bénéfiques en
altitude




4.2- Apport complementaire en AO chez I’ Homme

4.2.1 - Effets de la complémentation sur la performance

© Effet Positif de la NAC

nutrients

nutrients

Review

Does Flavonoid Consumption Improve Exercise Performance?
Is It Related to Changes in the Inmune System and
Inflammatory Biomarkers? A Systematic Review of Clinical
Studies since 2005

Patricia Ruiz-Iglesias 12, Abril Gorgori-Gonzilez (), Malén Massot-Cladera 2, Margarida Castell 123
and Francisco J. Pérez-Cano 12

Table 2. Summary of the included studie: ¢ the effects of flavonoid-e

Number of

Family Flavonaid . i, . . ts
amily avonol Control Groups  Study Design nts
Reference source ’ o

Flavanols

Db oo
391+ 9.1
RPCCT 91 £91
Db
RPCCT

Db
RPCCT

Dy nated Corn flour Db

green tea ¢ capsules RPCT 2142503

Green tea 5 : Db
Sports k
extract Sports drink RPCCT

Green tea ch Db
extract 3 RPCT

210 +£10

performances.

Exercise

Cycling

Cydling

Cydling

Cydling

Running

h

Effects of antioxidants on sk
Treatment

L nce

Sumida et al., ( L Do Max
Vitamin E Incremental
Vitamin E

Reid et al., 1994 (1&)

Evaluation de la consommation des flavonoides (purs ou
aliments enrichis ou a forte teneur) la performance lors
des 15 dernieres années lorsqu'ils sont consommes
pendant au moins sept jours.

Performance

Variable Effect

Improvement

2 Possible des performances
physiques avec anthocyanine
surtout

Improvement

Improvement

Time to
exhaustion

Ruiz-1glesias et al. 2021



4.2- Apport complementaire en AO chez I’ Homme

4.2.1 - Effets de la complémentation sur la performance

© Effet Positif des Flavonoides (forme la + abondante des polyphénols)l

Rutrients

Effects of Flavonoid Supplementation on Athletic Performance
in Healthy Adults: A Systematic Review and Meta-Analysis

Ying Wang, Zhuang Tian, Zhenyu Li and Jae Cheol Kim *

Std. Mean Difference

o)

Std. Mean Difference Std. Mean Difference
—Study or Subgroup _ Weight IV, Random.95% Cl  IV.Random,95%CI
A Athletes A acute supplementation
Dean 2009 5% 0.09[-0.88, 1.07] Brandenburg 2021 -0.01 [-0.85,
Decroix 2017a -0.32[-1.13, 0.48] Dean 2009 0.09 [-0.89
Decroix 2017b 0.24 [-0.56, 1.05] Decroix 2017a 6.4% 0.32[-1.1
Garcia 2020 -0.16 [-0.86, 0.54] Decroix 2017b 2 0.24 [-0.56,
MacRae 2006 -0.72 [-1.59, 0.14] Howatson 2022 -0.59 [-1.32,0.14]
Overdevest 2018 -0.18 [-0.81, 0.45) Seeley 2020 -0.07 [-0.62, 0.48)
Seeley 2020 -0.07 [-0.62, 0.48] Subtotal (95% Cl) - -0.13 [-0.43, 0.18]
Subtotal (95% CI) -0.15 [-0.42, 0.12] Heterogeneity: Tau’ . 2.87,d P
Heterogeneity: Tau? 10,df =6 (P = 0.80); 2= 0 Test for overall effect: Z = 0.82 (P = 0.41)
Test for overall effect: (P =0.28)

Std. Mean Difference
o

B long-term supplementation
Bigelman 2010a -0.14 [-0.66,
Garcia 2020 -0.16 [-0.86,

B Non-Athletes

Bigelman 2010a
Brandenburg 2021
Howatson 2022
Nieman 2010

Sharp 2012

Subtotal (35% CI)
Heterogeneity: Tau?
Test for overall effect: Z

Total (95% CI) 100.0

Heterogeneity: Tau? = 0.02; Chi* = 12.78, df = 11 (P = 0.31); F = 14%

-0.14 [-0.66, 0.37]
-0.01[-0.85, 0.82]
-0.59 [-1.32, 0.14]
-1.09[-1.68, -0.51]
-0.19 [-0.88, 0.51]
-0.43 [-0.84, -0.02]
2,df =4 (P = 0.10),
0.04)

-0.28 (-0.50, -0.07]

Test for overall effect: Z = 2.57 (P =0.01)

Test for subaroup differences: Ch

Figure 6. Forest pl

1.21.df=1(P=0.27).1

: athlete and non-athlete subgroup anal of fla

MacRae 2006
Nieman 2010
Overdevest 2018
Sharp 2012
Subtotal (95% Cl)
Heterogeneity: Tau’

Test for overall effec!

Total (95% CI)

Heterogeneity: Tau* =
Test for overall effect: Z
Test for subaroun differences: Cl 1.40.df = 1 (P = 0.24). I* = 28.8%

-1 0 1

[experimental] Fa ontrol]

d impacts on performance

tests. (A) Athlete subgroup. (B) Non-athlete subgroup [2 44,474 6]

0.72 [-1.59,
-1.09 [-1
-0.18 [-0.81,

100.0% -0.28 [-0.50, -0.07]
02, Chi*=12.78,df = 11 (P=0.31); P = 14%

1
ntrol]

57 (
Figure 7. Forest plot: acute and long-term supplementation subgroup analysis of flavonoid im-
pacts on performance tests. (A) Acute supplementation subgroup. (B) Long-term supplementation

subgroup [26,29-31,44,47—

Effets + marqueés chez les
non-athlétes comparés aux
athletes

Effets + marqués sur
complémentation longue
durée



4.2- Apport complementaire en AO chez I’ Homme

4.2.2 - Effets de la complémentation sur le statut pro/antioxydant

. . . . Asht t coll., 1999; Witt et
© 2 [vitamines antioxydantes] plasmatiques e 1o62) - e

[Vit C];asm Saturable a 200mg/j (Rousseau et al. 2004)

(Welch et coll., 1999; Astley et coll.,

Au repos 1999: Itoh et coll., 2000)

© N Dommages oxydatifs _
‘ A I’exercice (Ashton et coll., 1999; Alessio et coll.,

@ 1997; Surmen-Giir et coll., 1999)
Vrai surtout pour la vitamine E

@ Etudes moins unanimes pour la vitamine C

Résulats parfois contradictoires: type d’antiox, dose, aptitude physique des sujets,
type d’exercice...



» Compléementation combinée en antioxydants :

 Plus efficace que la supplémentation d’un antioxydant seul.

« Pincemail et al. (2001): randonnée dans 1’Himalaya

vitamine C (png/mL)
vitamine E (png/mL)
VvitE/choles (mg/g)
sélénium
SOD (Ul/g Hb)

GPx (Ul/g Hb)

peroxydes lipidiques
(nLmol/L)

placebo

placebo
before after
10,42 +/- 3,54 - 4,42
9,51+/- 1,59 /- 0,13
5,56 +/- 0,53 4,88 +/- 1,79
105,25 +/- 7,80 95,25 +/- 4,79

611 +/- 25 738 +/- 82

71,20 +/- 20,22 88,50 +/- 28,74

273,25 +/- 53,56 /- 251,00

rp————

T
TRIVITA

ANTIOXIDANT
COMPLEX

e

antioxydant

antioxidant
before after
9,98 +/- 1,89 9,43 +¥- 1,69
9,20 +/- 2,75 9,00 #/- 3,73
4,36 +/- 1,13 4,33 +/- 1,03
106,40 +/- 10,11 114,0 +/- 9,63
649+/- 86 806 +/- 88

77,00+/- 13,04 94,00 +/- 15,00

206,8 +/- 34,02 +/- 54,96

2 Vitamines AO et W marqueur SO



Machefer et coll. (2007): Complémentation en vitamines et minéeraux AO a
dose physiologique chez 10 sujets entraines faisant le marathon des sables a

2

[] Complémenté O Placebo Isoxan endurance

%
225

200
175
150
125
100

75

50

TBARS

> Placébos: A [TBARS] a J3
+

retour aux valeurs basales a J7
(adaptation naturelle)

J-21

Temps (jours)

* Significativement différent de J-21
£ Significativement différent de J-2
$ Significativement différent entre C et P

La complémentation limite la peroxydation lipidique mais ne

permet pas I’adaptation naturelle




4.3- Apport complémentaire en « aliments » riches en AO
(phytonutriments)

» « Aliments » contenant de fortes doses de phytonutriments O

N du SO au repos

(Allgrove et al. 2011;

X (Iwasa et al. 2013)
Davison et al. 2012)

(MirandaVilela et al., 2010) (Harms-Ringdahl, Jenssen, (Tartibian and Maleki 2012)
and Haghdoost 2012)

I:>| Manger des aliments contenant des phytonutriments aux propriétés AO N le SO

Les phytonutriments sont des nutriments issus des végétaux, présents a I'état naturel dans les aliments d'origine végétale. On retrouve principalement des composés phénoliques avec les polyphénols ou les
flavonoides et des caroténoides. Les phytonutriments sont réputés pour leur fort pouvoir AO, permettant ainsi de lutter contre le SO. lls sont aussi réputés pour leurs bienfaits sur la santé (action sur le systeme
immunitaire, cardiovasculaire et nerveux).



riches en AO

4.3- Apport compléementaire en « aliments »
phytonutriments)

A du SO en reponse a I’exercice
Zeng et al. (2021)

Table 1. Effects of dietary strategies on exercise-induced oxidative stress.

Detection Method

Main Result Category

Study

Type of Diet

Nutritional Protocol

Type and ity of
Exercise

ROS Generation

Oxidative Stress
Marker

Infl

Antioxid

Marker

Activity

ROS Generation

Zeng et al. [42]

QOatmeal

Oat flake + skim milk versus
Fasting; 2 h before exercise

Body weight HIIT,
30 min

N/A

N/A

N/A

ROS-induced
Macromolecule
Damage

Davison et al. [29]

Dark chocolate

Dark chocolate versus
cocoa-liquor-free control bar
versus neither, 2 h before exercise

Cycling, 25h

F-isoprostane

Circulating
leucocytecs, IL-6¢>

N/A

Wiswedel et al. [32]

High-flavanol cocoa
drink (HFCD)

HFCD versus low-flavanol cocoa
drink (LFCD), 2 h before exercise

Cycling, 29 min

F2-isoprostane

N/A

N/A

Allgrove et al. [30]

Dark chocolate

Dark chocolate versus
isocarbohydrate-fat control
cocoa-liquor-free chocolate,

twice/d, 2 weeks

Cycling for 90 min
followed by 25 min
exhaustion time trial

F2-isoprostane

Circulating
leucocytee, IL-6¢+,
IL-10%3, IL-1Rass

N/A

Taub et al. [31]

High-flavanol dark
chacolate (HECHO)

HFCHO versus Low-flavanol
dark chocolate (LFCHO),
3 months

Ramped exercise on
stationary bicycle
(Cardiopulmonary

exercise testing),
~10 min

GSH/GSSHT

McAnulty et al. [37]

Blueberry

Blueberries versus
blueberry-flavored shake, 7 days

Running, until a core
temperature of 39.5 °C
was reached

H, F2-isoprostary

IL-643, IL-8¢2,
IL-104+

FRAP++

Bowtell et al. [40]

Montmorency cherry
juice

Montmorency cherry juice
versus isoenergetic fruit
concentrate, 7 d before and 48 h
after exercise

Two trials of 10 sets of
10 single-leg
knee extensions

N/A

Pittaluga et al.

Fresh red orange
juice (ROJ)

ROJ versus nothing extra,
thrice/day, 4 weeks

A single bout of
exhaustive exercise by
cycle ergometer (3 min

warme-up, an initial
load of 25 W,
and further increments
of 15 W/3 min)

DA |, ascorbic adld |,

ypoxanthine /xanfhine |

Chang etal. [47]

Purple sweet potato
leaves (PSPL)

Standard cooked PSPL versus
low-polyphenols diet, 7 days

Treadmill running at
70% VO 1h

IL-6}, HSP72¢>

TAC (FRAP
assay)1,
polyphenolst

Mazani et al. [48]

Probiotic yoghurt

Probiotic yoghurt versus
ordinary yoghurt, 2 weeks

Exhaustive exercise
(Bruce test)

TNF-a}, MMP2/,
MMP9,

SODt, GPX1,
TACT,

Harms-Ringdahl
etal. [49]

Tomato juice

Tomato juice versus nothing
extra, 5 weeks

Cycle ergometer at 80%
of HRmax, 20 min

8-ox0dG |

N/A

N/A

Kawamura et al. [50]

Mixed diet

Salmon flakes + green and
yellow vegetable juice +
lingonberry jam versus normal

iet, 10 weeks

Resistance training
twice/week, 10 weeks

PC|

N/A

N/A

Although the literature is still scarce about the effects of whole dietary strategies on exercise-induced OS, the majority of the studies
demonstrated favorable effects. Nevertheless, the protocols are still very heterogeneous and further systematically designed studies are

needed to strengthen the evidence




4.3- Apport complémentaire en « aliments » riches en AO
phytonutriments)

A du SO en reponse a I’exercice

Suite. ..

Nutrients 2022, 14, 70

40f19

Table 1. Effect of curcumin on EIMD and DOMS markers.

Reference (Year)

Population

Supplementation

Duration

Exercise

Outcome

Blood Damage
Maker

Functional
Performance
Marker

DOMS,
Pain

Oxidative
Stress
Marker

Inflammatory
Marker

Paralleled design studies

Drobnic et al. (2014) [33]

Healthy, moderately
active males

200 mg of curcumin or
placebo, twice/day

4d
2 d pre-and 2 d post-Ex)

Downhill run

IL-8: O
CRE,
MCP-1: %

Tanabe et al. (2019) [34]

Healthy voung males

PRE, POST: 90 mg of
curcumin, twice/day
FPLA: 90 mg of placebo,
twice/day

FRE: 7 d pre-Ex
POST: 4 d post-Ex
COM: 4 d post-Ex

Eccentric Ex
(elbow flexors)

ROM: O (POST)
ROM: x(PRE)
MVIC: x

Faria et al. (2020) [35]

Healthy normal-weight
males

500 mg of curcumin or
placebo, three times/day

29d

Half-marathon

IL=10: O
IL-6: x

Crossover design studies

Tanabe et al. (2015) [31]

Untrained young males

150 mg of curcumin or
placebo

1 h pre- and 12 h post-Ex

Eccentric Ex
(elbow flexors)

MVIC: O
ROM, swelling: x

IL-6,
TNFac: %

Nicol et al. (2015) [36]

Physically active males

25 g/day of curcumin or
placebo, twice/day

sd
(25 d pre- and 2.5 d post-Ex)

Eccentric Ex

(single-leg press)

Jump performance:

-
o]

Swelling: x

IL=6: O
TNFac: %

Delecroix et al. (2017) [30]

Male elite rugby players

2 g of curcumin + 20 mg of
piperine, or placebo, three
times/day

4d
(2 d pre- and 2 d post-Ex)

Single leg jumps on
an 8% downbhill

slope

Sprint: O

Tanabe et al. (2019) [37]
Experiment 1

Healthy males

90 mg of curcumin or placebo,

twice/day

7 d pre-Ex

Eccentric Ex
(elbow flexors)

CK: x

MVIC, ROM: x
Swelling: x

VAS:

IL-8: O
TMF=-cc: %

d-ROMSs,
BAFP: x

Tanabe et al. (2019) [37]
Experiment 2

Healthy males

90 mg of curcumin or placebo,

twice/day

7 d post=Ex

Eccentric Ex
(elbow flexors)

CK:0

MVIC, ROM: O
Swelling: x

VA% O

IL-8: =
TMF=-cc: %

d-ROMSs,
BAFP: x

O, effective; x, ineffective; DOMS, delayed-onset muscle soreness; IL-6, interleukin-6; IL-8, interleukin-§; IL-10, interleukin-10; TNF-e, tumor necrosis factor-o; CRF, C-reactive protein;
MCP-1, monocyte chemoattractant protein 1; CK, creatine kinase; Mb, myoglobin; LDH, lactate dehydrogenase; AST, aspartate aminotransferase; MVIC, maximal voluntary isometric

contraction; ROM, range of motion; VAS, visual analogue scale; FRAF, ferric reducing ability plasma;

C

metabolites; BAF, biological antioxidant power; PLA, placebo; PRE, pre-exercise supplementation; POST, post-exercise supplementation; Ex, exercise.

T, catalase; GPx, glutathione peroxidase; d-ROMs, diacron-reactive oxygen




4.3- Apport complémentaire en « aliments » riches en AO
phytonutriments)

A du SO en reponse a I’exercice

Suite. ..

Nutrients 2022, 14, 70

7o0f19

Table 2. Effect of tart cherry juice on EIMD and DOMS markers.

Reference (Year) Population

Supplementation

Duration

Exercise

Outcome

Blood Damage
Maker

Functional
Performance
Marker

DOMS, Fain

Oxidative
Stress
Marker

Inflammatory
Marker

Paralleled design studies

Recreational marathon
runners, males and
female

Howatson etal.

(2010) [39]

236 mL TCJ or
placebo, twice /day

8d
(5d pre-Ex, Ex-d, and 2 d post-Ex)

Marathon

CK, LDH: x

MVIC: O

IL-6, CRF, Uric TAS, TBARS:

Acid: O

Semi-professional male

Bell et al. (2016)
4 soccer players

30 mL TC] or
placebo, twice /day

Bd
(4 d pre-Ex, Ex-d, and 3 d post-Ex)

MVIC, CM], agility:

Q
Sprint: x

IL-6: O

IL-8, IL-1-f
CRF, TNF-cc: x

LOOH: x

Quinlan et al.
(2019) [49]

Teame-sport players,
males and females

30 mL TCJ or
placebo, twice/day

8d
(5 d pre- Ex, Ex-d, and 2 d post-Ex).

MVIC, CM], sprint:

Q

CRFP: x

Lamb et al. (2019) Non-resistance trained

males

TCJ: 30 mL TC],
twice/day
POM: 250 mL of
pomegranate juice,
twice/day

PLA: placebo drink,

twice/day

9d
(4 d pre-Ex, Ex-d, and 4 d post-Ex)

Eccentric Ex
(elbow flexors)

MVIC, ROM: x

Crossover design studies
Connolly
(2006)

Male college students

355mL TC] or
placebo, twice /day

8d
(4 d pre-Ex, Ex-d, and 3 d post-Ex)

Eccentric Ex
(elbow flexors)

MVIC: ©
ROM: x

VAS: O

Bowtell et al.

(2011) [52] Well-trained males

30 mL TCJ or
placebo, twice /day

10d
(7 d pre-Ex, and 2 d post-Ex)

Single-leg knee
extensions at 80%
1RM

MVIC: ©

PPT: =

Nitrotyrosine,
TAS: x
PC: O

Morehen et al.

(2020) [53]

Professional male rugby
players

30 mL TCJ or
placebo, twice/day

8d
(5 d pre-Ex, Ex-d and 2 d post-Ex)

Rugby match

CM], drop jump: x

Professional male soccer

Abbott et al. (2020)
5 players

30 mL TCJ or
placebo, twice/day

3d
{pre- and post-Ex and 12 and 36 h post-
Ex)

90-min soccer match

CM]J, reactive
strength: »

VAS: x

O, effective; x, ineffective; DOMS, delayed-onset muscle soreness; IL-1-B, interleukin-1-beta; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10; TNF-o, tumor necrosis factor-o;
CRF, C-reactive protein; CK, creatine kinase; LDH, lactate dehydrogenase; MVIC, maximal voluntary isometric contraction; ROM, range of motion; CM], counter movement jump; VAS,
visual analogue scale; PPT, pressure pain threshold; TAS, total antioxidant status; TBARS, thiobarbituric acid reactive substances; PC, protein carbonyls; CAT, catalase; GPx, glutathione
peroxidase; LOOH, lipid hydroperoxides; PLA, placebo; TC], tart cherry juice; POM, pomegranate juice; Ex, exercise; 1RM; 1-repetition maximum; LIST, Loughborough intermittent
shuttle test.
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Table 3. Effect of beetroot juice on EIMD and DOMS markers.

Reference (Year) Population

Supplementation

Duration

Exercise

Outcome

Blood Damage
Maker

Functional
Performance
Marker

DOMS, Pain

Inflammatory
Marker

Oxidative
Stress
Marker

Paralleled design studies

Recreationally active

Clifford et al. (2016)
[62] males

H-ET: 250 mL of BT]
L-BT: 125 mL of BT]
PLA: 250 mL of placebo

3d
Ex-d (3 servings), 24 h (x2
servings) and 48 h(x2
servings) post-Ex

Drop jumps

MVIC: x

CM]: © (H-BT)

PPT: O
{H-and L-BT)

Clifford et al. {2017) Recreationally active

males

BTJ: 250 mL of BT]

5N: 250 mL of sodium nitrate
PLA: 250 mL of placebo

3d
Ex=d (%3 servings), 24 h (=2
servings) and 48 h(x2
servings) post-Ex

Drop jumps

MVIC, CM]: x

PPT: O (BLJ)

CRP: x

Clifford et al. (2016) Male team-sports
[63] players

500 mL of BT] or a placebo

4d
(Ex-d, 24, and 48 h post-RST1
and 30-min post-RST2)

R5T1
(first Ex)
RSTZ.
(second Ex)

MVIC, sprint: x

CM], reactive
strength index: QO

PPT:O

CRP: x

LOOH, PC,
Aw=: x

Runners, males and

Clifford et al. (2017) :
[61] females

250 mL of BT] or a placebo

3d
Ex-d (3 servings), 24 h (x2
servings) and 48 h (x1
serving) post-Ex

Marathon

CK, AST: =

MVIC, CM]: x

Crossover design studies

Van Hoorebeke etal.
2016) [65]

Competitive male
runners

Betalain-rich concentrate
capsule or placebo

7d
(D 1=6: 50 mg, twice/d; D 72
50 mg pre-Ex

30 min of treadmill
running followed by
a5kmTT

LDH (from baseline):

o]
CK, LDH: x

HR, EFPE, lactate
concentration,5-km
TT duration: ¢
Fatigue: x

Montenegro et al.
(2017) [66]

Triathletes, males
and females

Betalain-rich concentrate
capsule or placebo

7d
(D 1-6: 50 mg, twice/d; D T:
50 mg pre- Ex

40 min of cyeling
followed by a 10-km
running TT

CK: O
LDH: x

10-km TT duration,

5-ken TT duration,
Fatigue: O

HR average, RPE: x

Daab et al. (2020)
[67]

Male soccer players

150 mL BT] or placebo,
twice/day

7d
(3d pre-Ex, Ex-d and 3 d
post=Ex)

CK:0
LDH: x

CM], MVIC, sprint
Q
Squat jump: x

CRIP: %

Koztowska et al.
2020) [68]

Elite fencers, males
and females

Diietary recommendations
with 26 g/day of freeze-dried
BTJ or without BT]

4 weeks

Fencing and general
training

CK, LDH: x

VOuma: ©

Beoxod(: x

O, effective; x, ineffective; DOMS, delayed-onset muscle soreness; IL-6, interleukin-6; IL-8, interleukin-8; TNF-a, tumor necrosis factor-o; CRP, C-reactive protein; CK, creatine kinase;
AST, aspartate aminotransferase; LDH, lactate dehydrogenase; MVIC, maximal voluntary isometric contraction; CMJ, counter movement jump; VAS, visual analogue scale; PPT, pressure
pain threshold; RPE, rate of perceived exertion; HR, heart rate; PC, protein carbonyls; GPx-1, glutathione peroxidase-1; GPx-3, glutathione peroxidase-3; LOOH, lipid hydroperoxides;

MDA, malondialdehyde; £

OFPF, advanced oxidation protein product; 8-oxodG, 8-oxo-7 8-dihydro-2'-deoxyguanosine; Ae—, plasma ascorbate free radical; PLA, placebo; BT], beetroot
juice; S

, sodium nitrate; Ex, exercise; RST, repeated sprint test; VO, volume oxygen consumption maximum; TT, time trial; LIST, Loughborough intermittent shuttle test.




Bilan 4- Complémentation en AO a
I'’exercice/entrainement

Une carence d’apport en AO A SO et N perf

Les sportifs ne consomment pas assez de vitamin E (+++) et C (+) mais satisfont globalement
aux apports en b-carotene

Effets des AO sur la perf
v Pas d’effets positif des vitamines AO sur la performance sauf si statut initial
déficitaire
v’ Effet positif de la NAC sur la perf
v’ Effet positif des flavonoides (sous classe des polyphenols) mais a confirmer

Effet des AO sur le statut redox
2 des concentrations plasmatiques en vitamines
A SO repos et post-exo (vrai pour vit E +++, Vit C+ et cocktails + efficaces)

Les aliments riches en AO (chocolat, jus de grenade, papaya) et la créatine semblent aussi
avoir des effets benéfiques sur le SO au repos et en réponse a I’exercice mais a confirmer




5- Le revers de la medaille de la supplémentation

Rappel:

A faible doses, les ERON sont impliques dans les voies de
signalisations induites par 1’exercice (biogénese
mitochondiale, insulino-sensibilite, augmentation de la
synthese d’enzymes AO)

A forte dose, les AO limiteraient les adaptations
naturelles induites par 1’entrainement (liées aux
RL a faible dose)



5- Le revers de la medaille de la supplémentation

Supplementation en antioxydants:
© limite les dommages oxydatifs

MAIS

® limite 1’adaptation naturelle de 1’organisme (via les facteurs de
transcriptions redox sensibles)
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Fig. 1. NF-«B activation in
marathon running ed b with allopurinol.
Walues are mean L1y .
(= 14). (**) indi

vs. before the marathon.

=5 and plasma MDA levels after

( opurinol-treated group
the marmathon. (*) indicates P < 0.05

Sans AO (allopurinol = inhibe XO)

2 NFkB (facteur de transcription)
2 MDA (marqueur SO)

Avec AO (allopurinol = inhibe XO)

=>» NFkB (facteur de transcription)
= MDA (marqueur SO)

La prise d’AO bloque le SO mais
bloque le facteur de transcription
responsable des adaptations ultérieures

Equipe de Vina (Espagne) Gomez et al. 2006 Revue de question dans Sciences et Sport



© Placébo: L’activation d’NFkB => « up-régulation » des
enzymes antioxydantes (SOD)

P=0.001

O Mn SOD
I iNOS
B eNOS

N.S.

| i

Exercised
Allopurinol

FoldChange

Rest Exercised

Fig. 3. Exercise activates NF-«B and induces up-regulation of Mn-SOD and NO synthases. Prevention by allopurinol administration.
(a) EMSA analysis of NF-kB in the nuclear extracts of rat gastrocnemius () competition assay ).
(b) Expression of Mn-50D, iNOS and eNOS measured by real time RT-PCR from gastrocnemius muscle of rats at rest, after exercise and after exercise but

pretreated with allopurinol (N=9).
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Fig. 4. Proposed mechanism of the role of ROS in signalling of cell adaptations

after exercise.
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5- Le revers de la medaille de la supplémentation
Supplémentation vit C homme (1g/j) et rats (0.24mg/cm?)

Traiming-induced increazes in maximum en uptake (Fomax ) in men and in ¥O,max and maximal endurance time in rats and the effect of vitamin C
administration”

Before After Abeolute Rielative
training training difference difference

(ml - kg~ e min=1)
mented . 8.2 A7 46,6 + 4.1
: : 456 £ 70

pplemented
in C—suppl emiented FBIxa0

092 + 6.6
(012 +97

# Before training companed with after training.

mm) ® Supplémentation Vit C W endurance Gomez-cabrera et al. (2008)
mais pas VO2max
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5- Le revers de la medaille de la supplémentation

Mn-S0D expression GPx expression

Vit C N expression enzymes
antiox

Fig. 4. Activation of mitochondrial biogenesis by exercise training-induced ROS.
Mitochondrial enesis is driven by
mitochondrial g s, Exercise g-induced ROS stimulates PGC-1a produc-
tion in skeletal muscle cells. This signal promotes PG

nudeus, where PGC-1a acts to specific g

expression of mtTFA. This nuclear p S \RF- -

ered the most important mammalian transaiption factor for
stimulates mitochondrial DNA transcription and replication. Antio t supple-
ments during training have adetrimental effect on mitochondrial biogenesis due to
the inhibition of ROS assodated with srcise and also on the mitochondrial
antioxidant defense system which s downregulated.

PGC-1/«-actin

(arbitrary units)

P =0.027

Untrained

Trained Trained + vitamin C-
supplemented

g

MITOCHONDRIAL
BIOGENESIS




5- Le revers de la medaille de la suppléementation

Les experimentations ou on inhibe les enzymes productrices de ROS ou les experiences avec des
animaux KO conferment cela

10—, IM Rest 3 9" Training 27 **Training
[ Exercise

-

ns

H =
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Gpx mRNA levels
Catalase [A.U)]
SOD2 (AU}

R
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>

.

<

=

e
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O
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w
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=

Trained Cir Trained

L’apocynine en inhibant la NOX Les souris KO n’expriment pas les
Ne permet pas les adaptations de la SOD adaptations des enzymes AO induites par
en réponse a I’entrainement I’entrainement

Henriquez-Olguin et al. (2016) Henriquez-Olguin et al. (2019)
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La complémentation a haute dose n’altere pas que les adaptations du statut redox mais
d’autres adaptations liées a 1’exercice/entrainement

Exercise

ANTIOXIDANTS

-L Y /"'-- Muscle adaptations to i . ‘ " . =™ A
RDS @ Kmiwﬁnn of cell | exer;itse f Health benefits of exer:lse\

signaling pathways

P

ANTIOXIDANTS _| Tr anscripbion facons I Mitochondrial biogenesis I[ brachial artery vascdilatation ]

Transcriptional co-adivaions

s

, l_ systolic and diastolic blood

- - ~ [ | Cardisc andskeletal pressure
- y { 1 muscle rtry . . R
/_ " Skeletal markers of \ I"‘R"" levels of: hy perHoRDy 3l [ T insulin sensitivity

Oxidative Stress S s
’ Transperters. 1 cctivity of DNA )
A A repairing enzymes f Performance

' Skeletal markers of
Muscle damage

I inrunning speed

Iin endurance time
I Skeletal muscle fatigue

The ingestion of high doses of antioxidant vitamins ‘I strenght recovery
in a regular basis may hamper athletes performance

_ _ | T v, ,
Oral antioxidant | '-\\ /.-'
supplementation is useful =

before competition

\ [ or toumaments) -/

Fig. 2. Janus faced of ROS in exercise. Beneficial and negative effect of supplementation with antioxidants after one bout of exhaustive exercise and during training. Exercise-
induced ROS causes muscle damage, oxidative stress, and fatigue. However, ROS can act as signaling molecules and mediate the adaptive musde responses to exercise
training. The responses result from the cumulative effects of repeated exercise bouts.

M.C Gomez-Cabrera et al / Free Radical Biology and Medicine 86 (2015) 37 =46




5- Le revers de la medaille de la supplémentation

5.1 Etudes ayant montré un effet délétere de la suppl

mentation sur les différentes

adaptations bénéfiques induites par 1’exercice/entrainement

Table L Studies with negative outc:omes using anticeddant supple mentation during exencise training

Study (y) Subjects

Supplements (daily dose) Drura tion

Study design

Fimdings

Malm et g2+ 15M
(1888)

Maim et g1==
(1297}

Childs et al!"™
(2001)

Coombes et al ™7 2BF rats

(2001)

Marshall et al.=*
(2002)

5F racing
greyhounds

Coenzyme Q4 (120mg) 20d

Coenzyme Q4 (120mg)

Vilemin C (12.5mg'kg BW)
+MAC [ 10mg kg BW)

1wk (post-
exsrcse)

Vitlemin E (10000 IWkg
diet)+ a-lipoic acid
(1.55gkg dief)

Vitlamin E: 100, 200,
400 pMDHLA;

100 pMavitamin E;

400 ph+ DHLA; 100 pM
Vitlmmin C (1 g} 4wk (each
trea tment)

Placebo-controlled trial: Exercise tests:
anasrobic 185t (Wingate test, 5 min
recovery, 103 10 sec all-out cycling), VO,
submax and max iest. Exercise training: 9
sessions (15 = 10 sec allout cycling
sprints). Samples: plasma CK activity

Placebo-controlled double-blind trial:
Exerdise fests: anasrobic et [30sec
all-out cyding, 5 min recovery, 10:10sec
cyding), submax and peak cycling
VO test, WL, running test Exercise
training: 7 sessions {15 10 sec all-out
cyding sprints). Samples: plasma lactie

Drouble-blind placebo-controlled trial:
Exercise protocol: ecoentic am exercise
(3 10 repetitions, 0% of 1AM). Samples:
serum fres iron levels, plasma lipid
hydroperoxides, F2-isoprostanes,

myelope roead ase and |L-6, plasma CK and
LOH activities, serum S00 and GPX

In gty expenment: Contractile

mea sure ments (tibislis antenor): P, P,and
force-frequency curve, 60 min faligue
projocol. Samples: musde MDA and lipid
hydroperoide

In witr experiment: contractile measure-
ments (costel disphragm): P, P, and force-
frequency cune, 30 min fatigue protocol

Crossover controlled trial: Treatments: no
supplements ion; supplementation after
racing; supplementation 1h before racing.
Exsrcise fraining: 2 x 500 m races/wk.
Samples: plasma TBARS and anticotidant
Ccapacty

After exercise, CK levels T only in the
SUppIE me ing
supplements showed smaller raining-
ind uced improvements in physical
performance than the placebo group

There was & grester incraase in anasroby
perormance in the placsbo group
compared with the supplemented group.
Moreover, supplementation was

ESS0CIEED Wi re0UCced exel Gee T2 Ining-
induced increase in power output and
recovery raie between cycling sprins.
Coenzyme O 4, had no effect on submax
and peak cycling WO, nunning Wk, and
lactate levels

Exercise T inflammatory indicators, fres
iron concentration and the levels of
owidative stress and musde damage
markers. The amount of iron, levels of lipid
hydroperoxides and isoprostanes and LOH
and CK activities were higher in the
supplementsd group than in the placebo
group

Caontracted muscles of supple me nied
animals had lower levels of oxddative stress

Vitamin E and x-lipoic acd supplemen-
tation had no effect on muscle Etigue b
WaS ocizied with decreased muscle
force production at low stimulation

frequendes (in atu). i wiro expenments
indicated that vitamin E depressed fone
production &t low simulation frequencies

Vitamin C showed no effect on oxidative
stress and antioxidant capacity. The dogs
ran slower when supplememed
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Autre revue de question plus
récente (2021)

m antioxidants

cle damage).

Table 1. The influence of antioxidant supplementation on skeletal muscle (adaptations to training, inflammation, mus-

Reference

Subjects

Antioxidant
Supplementation

Exercise Training

Results

Paulsen et al. [55]

Strength-trained
recreational men and
women

Vitamins E and C
(235 mg per day and
1000 mg per day,
respectively) for
ten weeks

Heavy-duty resistance
training four times a
week

No increase in muscle mass

Makanae
et al. [56]

Wistar rats

Vitamin C (500 mg kg~1)
for 14 days

Mechanical overload

Decrease of hypertrophy of

overworked muscles

Theodorou
etal. [57]

Exercised-
recreational
men

Vitamins E and C (400 [U
and 1000 mg per day) for
11 weeks

Eccentric exercise for
four weeks and twice a
week

No impact on muscular
function or recovery
following exercise

Review

An Overview of Physical Exercise and Antioxidant

Supplementation Influences on Skeletal Muscle
Oxidative Stress

Shima Taherkhani !, Kosar Valaei !, Hamid Arazi 1-*

and Katsuhiko Suzuki 2

Dutra et al. [558]

Healthy and
non=smoking women

Vitamins E and C (400 IU
and 1000 mg daily,
respectively)

Ten weeks of
twice-weekly strength
training (ST)

Decrease of peak torque and
total work due to taking
antioxidant supplements

Cooke et al. [60]

Trained and
untrained men and
women

200 mg of COQ10 every
day for 14 days

WT GXT and Isokinetic
bests

Higher CoQ10 levels did not
affect the individuals
physical endurance

Taub et al. [61]

Healthy and
sedentary adults

20 g of dark chocolate for
three months

Stationary bike ride

Increase of VOzmax

Department of Exercise Physiology, Faculty of Sport Sciences, University of Guilan, Rasht 4199843653, ran,

shimataherkhani@m

katsu suzu@waseda jp

guilan.ac.ir (5.T.); kosarvalaei94@gmail.com (K.V.)
Faculty of Sport Sciences, Waseda University, 2-578-15 Mikajima, Tokorozawa 359-1192, Japan;

Carrespondence: hamid.arazi@guilan.ac.ir; Tel.: +98-911-139-9207

Bowtell et al. [65]

Trained men

30 mL (twice daily) of
Montmorency cherry
juice for one week before
and 48 h after exercise

Ten sets of
10 repetitions with a
single knee extension at
B0% of their maximal
repetition

Improvement of muscular
1sometric strength following
intensive exercise

McLeay et al. [66]

Healthy women

Blueberry smoothie 5 and
10 h before EIMD and
immediately, 12 and 36 h
afterwards

Exercise-induced
muscle damage (EIMD)

Increase of isometric
muscular strength recovery

Furlong et al. [67]

Untrained people

combination (1575 mg
2 times a day), and
Aphanizomenon
flos-aquae extract
(1000 mg 3 times daily)

R
regimen (3 imes a
week, two sets of
10 repetitions per
movement, for

12 weeks)

istance training

Mo variations in the patients
balance, strength, or
muscular function

Carrera=
Chuintanar
etal [73]

University-level
athletes

fitamins C and E and
Lippia citriodora
antioxidant extract

2000-m running test.

Protect neutrophils from
oxidative injury to skeletal
muscle

Rokitzki et al. [82]

Running athletes

200 myg of vitamin C and
600 mg of vitamin E daily
for five weeks

Decrease of muscular

Zoppi et al. [83]

Soccer players

1000 mg of vitamin C
and 800 mg of vitamin E
for twelve weeks

damage
= Decrease of muscle
damage and 05
= No improvement in

athletic performance

Reference

Antioxidant

Subjects

Supplementation

Exercise Training

Dawson et al. [34]
Results

Well-trained runners

500 to 1000 mg of vitamin
C and 750 to 1500 mg of
vitamin E per day

- No improvement on
muscle damage or OS5

OrFallen et al. [38]

Young men and

women

Quercetin (100 mg daily)

No improvement in
muscle damage or T -
s & MNieman et al. [85]
inflammatory

indicators (arm edema,

strength loss, elevated

Well-trained runners

Chiercetin antioxidant
supplement
(500 mg/day) for
three weeks

- No improvement in
physical function or
muscle damage

CK, and muscle
discomfort)

Kon et al. [56]

Liang et al. [103]

Male
Sprague-Dawley rats

BSF supplementation

Treadmill and grip
strength tests

Improvement of grip
strength, muscular mass, and

Kendo athletes

CoQ10 (300 mg/ day) for
20 days

muscular endurance

Orlando et al. [87]

Rughby participants

CoQ10 (200 mg/ day) for

1 month

- No improvement in 05
concentration

= Decrease of muscle
damage

- No improvement in

physical function, OS,
and muscle damage




Détail des études : Richardson et al. 2007

Am J Physiol Heart Circ Physiol 292: H1516-H1522, 2007
First published November 17, 2006; doi:10.1152/ajpheart.01045.2006.

Exercise-induced brachial artery vasodilation: role of free radicals

Russell S. Richardson, Anthony J. Donato, Abhimanyu Uberoi,
D. Walter Wray, Lesley Lawrenson, Steven Nishiyama, and Damian M. Bailey
Physiology Division, Department of Medicine, University of California San Diego, La Jolla, California

Submitted 22 September 2006; accepted in final form 10 November 2006
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Fig. 1. The a-phenyl-tert-butylnitrone (PBN) electron paramagnetic resonance
(EPR) spectroscopy data (n = 12) under the conditions of rest and after
exercise with placebo and the oral antioxidant cocktail. Inlayed are represen-
tative individual examples of the PBN EPR spectra under each scenario.
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Détail des études : Ristow et al. 2009

Antioxidants prevent health-promoting effects
of physical exercise in humans

Michael Ristow®P-12, Kim Zarse®2, Andreas Oberbach®2, Nora KI&ting<, Marc Birringer?, Michael Kiehntopf®, l
Michael Stumvoll¢, C. Ronald Kahn®, and Matthias Blither®2
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Détail des études : Ristow et al. (2009) - rats
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Fig. 2. Antioxidants prevent induction of molacular mediators of insulin sensitivity and antioxidant defense in exercised skeletal muscle. (4) depicts expression
levels of PGCTe RNA transcripts in skeletal muscle biopsies derived from previously untrained individuals before (white bars) and aﬁerkishaded bars) physical
exercise over Fweeks as desaibed In the Methods seciion. (Left pair of bars) Individuals not taking any medication or placebo; (Right pair of bars) individuals
taking both vitamin C {1000 magfday) aswell as vitamin E (400 IU/day). Bars depict maans, error bars show standard error means, “AU™ abbreviates normalized
arbitrary units. {B) depicts expression levels of PGCT« RNA transcripts in skeletal muscle biopsies derived from pretrained individuals before fwhite bars) and after
{shaded bars) physical exercise over 4 weeks. (C and DY) expression levels of PGCTE RNA transcripts in a similar fashion; (E and F) expression levels of PPARv RNA;
{& and H) levels of superoxide dismutase 1 (SODT) RNA expression; (fand J) RNA levels of superoxide dismutase 2 (SOD2); (K and L) glutathione peroxidase 1 {GPxT)
RNA expression levals.
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Autre étude : Manakae et al. (2013) ACTA PHYSIOLOGICA

Acta Physiol 2013, 208, 5765

Yitamin C administration attenuates overload-induced

; skeletal muscle hypertrophy in rats
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, . . B | hiol-based antioxidant supplementation alters human skeletal muscle
Autre etude : Michailidis signaling and attenuates its inflammatory response and recovery after
et al. (2013) intense eccentric exercise

1-3

Yannis Michailidis, Leonidas G Karagounis, Gerasimos Terzis, Athanasios Z Jamurtas, Kontantinos Spengos,
Dimitrios Tsoukas, Athanasios Chatzinikolaow, Dimitrios Mandalidis, Renae J Stefanetti, loannis Papassotiriou,
Spyros Athanasopoulos, John A Hawley, Aaron P Russell, and loannis G Fatouros
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La NAC attenue les voies de
signalisation impliguées dans
la synthese protéique et la
régénération musculaire
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A faire en 2024 — effets de la complémentation en AO sur force

International Journal of A
#k Environmental Research (M DPI J
and Public Health N

Systematic Review

Effect of Antioxidant Supplementation on Markers of Oxidative
Stress and Muscle Damage after Strength Exercise:

A Systematic Review

Cristina Canals-Garzén 1, Rafael Guisado-Barrilao !, Dario Martinez-Garcia 2, Ignacio Jesus Chirosa-Rios 3@

Daniel Jerez-Mayorga 20 and Isabel Maria Guisado-Requena *

The Journal of Physiological
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®

Exercise-induced oxidative stress
and melatonin supplementation: current
evidence

Joanna Kruk" @, Basil Hassan Aboul-Enein? and Ewa Duchnik?
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5- Le revers de la medaille de la supplémentation

5.2- Etudes n’ayant pas montré d’effets délétere de la supplémentation sur les
différentes adaptations bénéfiques induites par 1’exercice/entrainement
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Pas d’effet de la complémentation
sur le statut pro/antioxydant

Pas d’effet de la complémentation
sur la performance et les dommages




Yfanti et al. (2010)
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Antioxidant Supplementation Does Not Alter
Endurance Training Adaptation
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The clea finding in the present study that antioxidamts did
ot mfluence traming adaptation does not exclude the pos-
sibility that antivddant supplementation will exert different
effects when applied n combimation with less mtense trammyg
protocols or if gven to individuals, who are older, less tramed,
metabolically impaired, or vitamin deficent at entry.
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Effect of antioxidant supplementation on insulin sensitivity in response

Yfanti et al. (2011)

to endurance exercise training
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Effect of antioxidant supplementation on insulin sensitivity in response

Yfanti et al. (2011)

to endurance exercise training
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5.3- Etudes n’ayant pas montre d’effets délétere d’une
les différentes adaptations bénéfiques induites par 1’exercice/entrainement

Koivisto et al. (2018)

Stage en altitude (2300m) chez SHN endurants

Hypothese: une alimentation riche en AO bloquerait les
adaptations de I’entrainement en altitude

Control group
berries (g/day)

40 (14) 0.317

- (7 v
3 40 (28) 0.009* ( 0.083 < s Blood sample (iron status)
167 (867) 92 (800) 0.878 133(867)  300(1017) 47

0.065

2x
Dietary assessment: 3 x Blood andurine
24h recall sompiles

DXA Dietary assessme

Blood andurine
samples

O Walnuts
@Dried b

SSmoothies

Control foods

Changan H

O Milkshake

OWhite chocolate

Control group  Antioxidant group

v, 0) . . : g
Apport AO de 118% L’alimentation riche en AO ne limite pas les

adaptations a I’entrainement



5.3- Etudes n’ayant pas montre d’effets délétere d’une sur
les différentes adaptations bénéfiques induites par 1’exercice/entrainement

. : 2012
NUTRITION AND ERGOGENIC AIDS

Etfect of Vitamin C Supplements on
Physical Performance

Andrea J. Braakhuis, PhD, MND, APD

performance by reducing the potential
negative consequences of ROS. On the
other hand, ROS released in exercise
instigates cell signaling for training
adaptations, which vitamin C blocks

3). Supplementadon with vita-
min C may therefore impair perform-

Abstract

Vitamin C is an essential component of the diet and may reduce the
adverse effects of exercise-induced reactive oxygen species, including
muscle damage, immune dysfunction, and fatigue. However, reactive
oxygen species may mediate beneficial training adaptations that vitamin
C attenuates; indeed, from a total of 12 studies, vitamin C in doses
1g d’! impaired sport performance substantially in four of four studies, i QT
: ance. Whether athletes benefit from
possibly i
2 supplementation with vitamin C is the

topic of this review.

Doses of ~0.2 gd ' of vitamin C consumed through five or more servings
of fruit and vegetables may be sufficient to reduce oxidative stress and
provide other health benefits without impairing training adaptations. Methods

The studies included in this review

were sourced via Google Scholar, using

it 21 P<

La vitamine C N le SO a des doses de 0,2 a 1 glf].

La vitamine C a des doses + importantes semble M les adaptations a I'entrainement (biogénése mito et
fonction vasculaire)

Une dose physiologique de vitamine C (0,2 g/j), apportée par cinq portions de fruits et de Iégumes, 3 SO
sans nuire aux adaptations




5.4- Etudes n’ayant pas montre d’effets delétere
adaptations bénéfiques induites par 1’exercice/entrainement

Table 1

Reported effects of antioxidant compounds on exercise-related redox markers, mitochondral biogenesis, vascular function and performance outeomes 18,

sur les différentes

Antioxilant compound (Oml doses used)

Ocidative stress

Antioxidant enzyme
kvl

Mitochandrial biogenesis

Vascular function

Endumance performanee /N0y max

Post-exercise muscle meoovery
{Muscle strength, DOMs, CK, LDH)

Anthoe yaning (80-547 mg/day)

Astaxanthin {4-20 mg/day)

Cateching (30-1800 mg/day)

Curcumin (50-2120 mgday)

Quercetin (250- 1000 mg per day - moat
studies used 1000 mgAday)

Resveratrol (150-600 mg/day)

Vitamin C (400-300 magAday)

Alpha-lipaie acid (600-1200 mg/day)

Coenzyme Q10 {90-300 mg/day)

in A/ Pecarotense (Vitamin A: 300 mgs
day, pecarotene 30 mgiday)

Vitamin E (450-1200 1U7)
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5.4- Etudes n’ayant pas montre d’effets delétere

sur les différentes

adaptations bénéfiques induites par 1’exercice/entrainement

Table 2

Summary and recommendations regarding antioxidant supplementation for people undertaking endurance training.

Antioxidant compound

Evidence summary — exercise-related effects

Anthocyanins

Astaxanthin

Catechins

Curcumin

Quercetin

Resveratrol

Vitamin C

Alpha-lipoic acid

Coenzyme Q10

Vitamin A/B-carotene

Vitamin E

Melatonin

N-acetylcysteine

- Effects on oxidative stress and antioxidant enzymes are mixed and limited to systemic data only

- Equivocal effects on endurance performance, VO, max and post-exercise muscle recovery

- May improve blood flow and vascular function, although this does not appear to translate to performance benefits
Insufficient supportive evidence to recommend to athletes
Rodent studies show decreased muscle oxidative stress and improved endurance performance; although with possible hampering of training-
induced Nrf2 signalling and antioxidant enzyme induction in muscle

- Studies in humans are lacking and unclear with respect to effects on oxidative stress, antioxidant enzyme levels, skeletal muscle adaptations,
endurance performance and post-exercise muscle recovery

- Insufficient supportive evidence to recommend to athletes

- Overall, effects on oxidative stress and antioxidant enzymes are equivocal; although cocoa flavanols can produce small beneficial effects on
systemic markers of oxidative stress

- Evidence not supportive of beneficial effects on endurance performance

- Evidence equivocal on effects on skeletal muscle mitochondrial biogenesis and post exercise muscle recovery

- Can improve vascular function, particularly in overweight/obese individuals - however, this does not appear to translate to improvements in exercise
performance

- Chronic supplementation may lower RER, increase fat oxidation, decrease carbohydrate oxidation and increase energy expenditure

- Potential adverse effects on liver enzymes at high doses (EGCG > 800 mg/day) and lack of clear safety threshold dose
Insufficient supportive evidence to recommend to athletes
Rodent studies show improvements in skeletal muscle oxidative stress, mitochondrial biogenesis and endurance performance

- Studies in humans are lacking and unclear with respect to effects on oxidative stress, antioxidant enzyme levels, skeletal muscle adaptations and
endurance performance

- Limited studies in humans are supportive of benefits on post-exercise muscle recovery, although further research is required to confirm this

supportive evid to d to athletes
- Minimal evidence of any beneficial effects on systemic markers of oxidative stress

- No evidence currently in humans to suggest it will impact on mitochondrial biogenesis in muscle
- May result in small beneficial effects on endurance performance, although this is mostly limited to untrained individuals
- Effects on muscle recovery post muscle-damaging exercise are equivocal
- Insufficient supportive evidence to recommend to athletes
- Findings of rodent studies support improvements in skeletal muscle oxidative stress, antioxidant enzymes and exercise performance. Hov
evidence on these outcomes is limited and unclear in humans.
- Limited evidence in humans suggests some hampering of skeletal muscle mitochondrial biogenesis and vascular function, but evidence it
- Future studies should use higher doses (i.e. > 2g/day) for which systemic concentrations of resveratrol and its metabolites are much hi;
(However, there is an increased risk of adverse effects at high doses)
supportive evi to
- Has been shown to have mixed effects on systemic markers of exercise-induced oxidative stress and on post-exercise muscle recovery
- No convincing evidence of endurance performance benefits

to athletes

May improve vascular function with exercise, although this appears to be mostly limited to older individuals after acute infusion
While some rodent data suggests impairments in skeletal muscle mitochondrial biogenesis, this has not been explored in humans in the absence of
other additional antioxidants
i supportive evi to d to athletes
- Limited evidence is suggestive of benefits on systemic markers of oxidative stress and antioxidant enzymes

- Evidence from animal studies shows mixed effects on skeletal muscle oxidative stress, antioxidant enzymes, mitochondrial biogenesis and endurance
performance. However, there is a lack of studies in humans investigating these outcomes
- Insufficient supportive evidence to recommend to athletes
- No convincing evidence of improvements in markers of oxidative stress, antioxidant enzymes or post-exercise muscle recovery
- Unlikely to affect skeletal muscle mitochondrial biogenesis
May improve vascular function, particularly in individuals with heart disease; for whom improvements in VO,max may occur
Evidence largely mixed for effects on endurance performance
- Insufficient supportive evidence to recommend to athletes
- The limited available evidence does not support either vitamin A or B-carotene in improving markers of oxidative stress or improving endurance
performance
Limited evidence from rodents shows a hampering of exercise-induced skeletal muscle antioxidant enzyme adaptations after supplementation with
retinyl palmitate; however this has not been explored in humans
support d to d to athletes
Studies mostly show improvements in oxidative stress markers

- Studies mixed in terms of effects on endurance performance; with most beneficial effects shown in trained athletes at high altitude

- Some rodent data indicates hampering of skeletal muscle adaptations to exercise; although effects of vitamin E alone on these outcomes (in the
absence of other antioxidants) has not been explored in humans

- Insufficient supportive evidence to recommend to athletes

- Studies show improvements in systemic markers of oxidative stress and antioxidant enzymes

- Rodent studies are supportive of beneficial effects on skeletal muscle oxidative stress and antioxidant enzymes; however, these outcomes have not
been explored in humans

- Limited studies show acute supplementation is unable to improve time trial performance; but effects of chronic supplementation on performance in
humans are lacking

supportive evi to

- Evidence tends to favour an improvement in sustained exercise performance after acute and chronic NAC supplementation

Evidence from limited acute infusion studies is mixed with respect to effects on skeletal muscle antioxidant levels

to athletes

- Limited evidence suggests NAC might improve aspects of vascular function in older, but not younger participants
- Adverse effects limit use of high doses of NAC (> 70 mg/kg), although newer effervescent forms may overcome issues of taste and tolerance
- WADA restrictions limit the use of infusions [442], which might limit the applicability of NAC infusion
i idence to to athletes. However, it may be beneficial and well tolerated with doses (< 70 mg/kg) taken
chronically over several days prior to an endurance event

(continued on next page)

Antioxidant compound Evidence summary — exercise-related effects

Vitamin € + E - A combined dose of 500 mg vitamin C + 400 IU vitamin E does not appear to have any adverse effects on skeletal muscle adaptations to endurance
exercise training

- A combined dose of 1000 mg vitamin C + 260-400 [U vitamin E has been found in some studies to hamper some markers of mitochondrial biogenesis
and antioxidant enzyme induction

- There appears to be no effect (beneficial or detrimental) of combined vitamin C + E on endurance exercise performance

- Effects on post exercise muscle recovery are limited and equivocal

- i ive evidence to to athletes. It might also be wise for athletes to avoid the combination of 1000 mg vitamin
C + vitamin E during periods of heavy training in which skeletal muscle adaptations are occurring

- Limited studies in humans have shown decreased exercise-related lipid ion in overweight participants with low selenium levels

- One study in humans showed hampering of markers of skeletal muscle mitochondrial biogenesis markers with exercise training; although evidence is
limited and mixed overall

- Limited studies show no beneficial effects on endurance performance

- Insufficient supportive evidence to recommend to athletes

Selenium

- Limited evidence available shows some beneficial effects of zinc on systemic markers of exercise-induced oxidative stress
- Evidence not supportive of effects on endurance performance, with only limited studies using zinc as the sole compound in supplements
- Insufficient supportive evidence to recommend to athletes

NAC peut étre bénéfique les jours précédant une épreuve d'end.

Mélatonine, Vit E et l'acide a-lipoique semblent efficaces pour & SO
post-exo et sans effet sur perf

Catéchines, les anthocyanines, la coenzyme Q10 et la vitamine C
peuvent améliorer la fonction vasculaire. mais les preuves sont
limitées a des sous-populations spécifiques et/ou ne se traduisent pas
par une amélioration des performances.

Curcumine améliore la récupération musculaire aprés un exercice
intensif,

Confirme que la prise chronique de 1000 mg Vit C + Vit E nuit aux
adaptations a 1’enrainement tout comme l'astaxanthine, le sélénium et
de la vitamine A sur les

Dans I'ensemble, nous soulignons le manque de preuves a I'appui
de la plupart des composés antioxydants a recommander aux
athletes

Mason et
al. (2020




Study
Population/Model—Characteristics of
the Study Group or Experimental
Model Used
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Key Findings of the Study, Significant Changes
in Parameters, Effects of Interventions, and a
Summary of the Implications and Relevance o
the Study to the Field
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flow-mediated dilation and reduced trigly
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5.5- Etudes ayant montré un effet synergique d’une sur les
différentes adaptations bénéfiques induites par 1’exercice/entrainement

Kan et al. (2018)

But : déterminer les effets du resvératrol (polyphénol) associé a un entrainement de force , sur les
adaptations a I’entrainement (force, hypertrophie...)

4 Repetitions/set
3 Sets/day
3 Days/week

Intensity load (%)

Week1 Week2 Week3 Weekd

Figure 2. The experimental procedure to evaluate the effects of progressive resistance exercise
and resveratrol on aerobic capacity, anaerobic capacity, physiological adaption, and safety (A).
The incremental loading intensity applied to current training protocol (B).

Train, P<0.0001; RES, P <0.0001/; Interaction, P=0,048 Train, P <0.0001; RES, P<0.0001; Interaction, P=0.025 ¢ Train, P=0.016; RES, P<0.0001; Interaction, P~0.065 Train, P=0.018; RES, P-0.0004; Interaction, P=0.0002
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Figure 3. climb training (Trained) and/or atrol (RES) supplementation on absolute forelimb grip el
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strength (A) and forelimb grip s ative 3 Y ). Data are mean + SEM for
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The abbreviations Veh and RES represented the vehicle and resveratrol supplement, respectively.

Effets synergiques sur la force en valeur absolue et relative Effets synergiques sur la capacité anaérobie (tps épuisement grimpés)




0.0- Etudes ayant montré un effet synergique d’une

différentes adaptations bénéfiques induites par 1’exercice/entrainement

Kan et al. (2018)

Sedentary

:,k
f i 2 WA v : .
i g : > = Veh  Res Veh  Res

Sedentary Trained

Trained, P=0.0362; RES, P

Interaction, P=0.082

CSA (pm”)

Veh  Res

Sedentary Trained

Figure 8. Effect of climb training (Trained) and/or resveratrol (RES) supplementation on the muscle of
thigh with IHC staining (A), muscular type proportions (B), and cross section area (CSA) (C). Specimens
were photographed under a light microscope. (Hematoxylin and eosin stain, magnification: 200x;
scale bar, 40 um). Bars with different superscript letters (a, b, c) are significantly different at P < 0.05.
The abbreviations Veh and RES represented the vehicle and resveratrol supplement, respectively.

Sed + Veh Sed + Res Trained + Veh Trained + Res

CORSERS
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Nt ?
%
A
Effect of climb training (Trained) and/or resveratrol (RES) supplementation on the
morphology of (A) liver; (B) skeletal muscle; (C) heart; (D) kidney; and (E) lung (F) white adipose tissue
(WAT) (G) brown adipocytes (BAT) in mice. Specimens were photographed using light microscopy.

(Hematoxylin and eosin stain, magnification: 200 x; scale bar, 40 or 80 um).

Figure 7.

Effets synergiques sur la force de préhension, la capacité anaéerobie liée a la N de la P° de
lactate a I’exercice




5.5- Etudes ayant montré un effet synergique d’une sur les
différentes adaptations bénéfiques induites par 1’exercice/entrainement

A Potential mechanisms increasing antioxidant capacity

® @ TN _
/ NRF2) (183 0y
S | AREs 1RES urs |
e sSSP & 5
%:/d \ enzymatic /
@ -~ antiodcant

-~ transcription /

T

Activated IRES for ribosomal translation of Nrf2 mRNA

Reduced Keap1 availability Raduced NRF2 pr. mal degradation
Diminished NRF2 ubiquitination Enhanced Nrf2 r translocation

Polyphenols
and
sulforaphane

Maximal
I power output

Martinez-Canton et al. (2024)



Explications des résultats contradictoires

Controle de I’alimentation

IMPORTANT pour voir un €ventuel effet d’une variation _
d’alimentation sur les # mesures

Age, genre
Protocole de dosage
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Bilan 5 — Revers de la médaille

J Physiol 000.00 (2015) pp 1-13

TOPICAL REVIEW

Do antioxidant supplements interfere with skeletal muscle
adaptation to exercise training?

Troy L. Merry and Michael Ristow

Energy Metabolism Laboratory, Swiss Federal Institute of Technology (ETH), 8603 Zurich, Switzerland

Exemlse/skeletal muscle contraction = z
Angiogenesis

@K)dea@
Insulin sensitivity

&7 l Stress activated protein kinases ] Recovery

—
- -~

/ B Cellular defenses
—_— | Transcription factors | Fatigue ( Antjox]dan{g‘/\

¢ \\ = Hypertrophy

e

Gene transcription l

The Journal of Muscle adaptation 4—‘ Figur_e 2. Acut'e skeletal muscle s'ign'alling during
Ph S[()Io exercise, and interference of antioxidants to hamper
ysiagy i :

training adaptations Hecovery The joumal of

Physiology

Muscle damage

Mitochondrial biogenesis

© 2015 The Authors. The Journal of Physiology © 2015 The Physiological Society

Figure 1. Effects of antioxidants on skeletal muscle during
exercise training

Effectors of antioxidants that may be negatively affected are marked
in red, effectors of antioxidants that may be beneficially affected are
marked in blue.

Les AO peuvent limiter la fatigue, les dommages musculaires mais a haute dose (5 a 17 fois
les recommandations), en interférant avec les voies de signalisation médiées par les ERO, ils
peuvent bloquer les adaptations bénefiques observees a 1’exercice/entrainement







6- Explications avec la théorie de I’Hormesis

- Présentation de la théorie : (Kendig et al. 2010)
- Reponse biologique favorable en reponse a 1I’exposition a de faibles doses de toxiques (agents
chimiques, irradtation, ERON...). l
- Faibles doses d’agents “stressant= > © perturbation transitoire de I’organisme MAIS © adaptation
de I’organisme a un niveau supeérieur
-Fortes doses

Exemple du roi Mithridate

== Exemple H,O, sur culture cellulaire

La mithridatisation consiste a ingérer des
doses croissantes d’un produit toxique afin
d’acquérir une insensibilité ou

une resistance vis-a-vis de celui-ci. Une
application médicale actuelle est la

Mort cellulaire désensibilisation spécifique a un allergene, par
exemple le venin des Hymenoptera.

Cellules + H,0, 1mM

Survie cellulaire:

Expression de protéines
cytoprotectrices

Cillard J (source personnelle)

Les ERO produits lors de 1’exercice sont-ils nécessaires pour les

adaptations ultérieures (a I’entrainement) ? OUI


http://fr.wikipedia.org/wiki/Toxique
http://fr.wikipedia.org/wiki/R%C3%A9sistance_(biologie)
http://fr.wikipedia.org/wiki/Allerg%C3%A8ne
http://fr.wikipedia.org/wiki/Venin
http://fr.wikipedia.org/wiki/Hymenoptera

6- explications avec la théorie de I’Hormesis

- Théorie de I’hormesis valable pour I’exercice:
« Surcompensation stocks de glycogene
» Résistance du muscle aux DOMS...
» Résitance acidose des sprinters (tampons)

Rate of diseases prevention

Physiological function
Quality of life

Période de repos obligatoire pour adaptation :

Inactivity Moderate exercise Strenuous exercise Owertraining

- ERO produits par I’exercice et signalisation redox

. . . Inducteurs _ Exercice Physique
- Théorie de I’hormesis adaptée a I’exercice o, (type entrainement)

|

@ peroxydases { H0,, NO
Une élévation modérée des 4 I

Thiols oxydation réversible Signalisation

ERO et ERN induit I’expression réductases des thiols des protéines
de protéines cytoprotectrices via (. e
la signalisation redox

Cellulaire redox

Modifications d’activité
(kinases, phosphatases,
facteurs de transcription : NFkB, AP1, HSF1, Nrf2)

Expression de genes
enzymes antioxydantes,

Cillard J (source personnelle)



6- explications avec la théorie de I’Hormésis

- ERO produits par 1’exercice et signalisation redox

- Théorie de I’hormesis adaptée a I’exercice

Une élevation importante des ERO et ERN supprime la
signalisation redox entrainant un SO

inducteurs

N Cillard J
l (source
n ;. personnelle)

peroxydases

{ " l, irréversibles

Thiols oxydation réversibles Signagmgtion

réductases des thiols des protéines Cellul redox

(TrX, GrX) Sportifs de haut
Modifications d’activité niveau ou

(kinases, phosphatases, A
facteurs de transcription : NFxB, AP1, HSF1, Nrf2) Surentralnes

Expression de genes
enzymes antioxydantes, 145
protéines cytoprotectrices (adaptation)




stress oxydant chez des SHN stress oxydant et charge d’entrainement

adaptation au stress : expression de la SOD

Tansksanen et al. (2010)

Protein carbanyls |:_nmul-rng"}

2 SOD avec | modéré

N SOD avec | éleyée (Menaetal. 1991)

mUl/ml
B basket
O football

> S0

SOsurentraTnes
au repos

normaux

I a ~
N Z 1 Z il ZEcn e zznc e
IIIIIIIIIIIIIIIIII

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21

valeurs normales : 200- 600 mUIl/ml

titres en anticorps contre les LDL oxydées
chez des footballeurs et basketteurs A SOavec A | :>

professionnels belges (Pincemail et al., 2000) entrainement

Margonis et al. (2007)



6- explications avec la théorie de I’Hormesis

Les AO en exces bloquent la signalisation redox et les

adaptations

inducteurs
0, Antioxydants
l (Piegeurs RL)

H,0, NO

oxydation réversible Signa

des thiols des protéines Cellul

Modifications d’activité
(kinases, phosphatases,
facteurs de transcription : NFxB,..)

]

Expression de génes
Enzymes antioxydantes (adaptation)

tion
redox

Cillard J
(source
personnelle)




Bilan 6

La théorie de I’hormese peut s’adapter a de nombreuses adaptations dans le
sport (surcompensation des stocks de glycogene, acidose, DOMS...)
Elle s’adapte aussi au SO:
De faibles doses d’ERO sont nécessaires aux adaptations
De fortes doses (ou prolongées d’ERO) bloquent les adaptations = cf SHN et
surentrainement
Les AO a forte dose bloquent les adaptations naturelles de 1’organisme

Inflammation Exercise-induced adaptation Inflammation

Cell death anced exercise performance Muscle damage, Fatigue

Fig 1. Sedentary, appropriate exercise, over-train and redox hemostasi

Table 1
Pate

Patential harms of high doses of antioxidants supplementation on exercise adaptation in athlete:

Shunchang et al. (2022)



Conclusion

« © L’exercice via les ERO qu’il produit active des facteurs de
transcription et des voies de signalisation nécessaires pour
I’adapation de 1’organisme (up-regulation des enzymes
antioxydantes, biogénese mitochondriale, insulin-sensibilité. . .)

« © L’entrainement aérobie et anaérobie est bénéfique pour
I’organisme car 1l renforce les defenses antioxydantes de
I’organisme et induit de nombreuses adaptations responsables de
I’augmentation des performances




Acute stress

Trai___”ing eiect

, Muscle Health T
Exermse\ ] —_—
<_// adaptatlonT Performance T
ROS/RNS
Exercise/skeletal muscle contraction
Antioxidants ¢
ROS exposure

(level, time) ’ Stress activated protein kinases

e Y

Muscle adaptation to exercise

o

I/Exercise and nuscle l? Health | ? —_— ’ Transcription factors
Performance |, 7 *

@tioxida rEs//" @n

The Journal of

thSiDtOgy Gene transcription

Abstract A popular belief is that reactive oxygen species (ROS) and reactive nitrogen species |
(RNS) produced during exercise by the mitochondria and other subcellular compartments The Journal of
ubiquitously cause skeletal muscle damage, fatigue and impair recovery. However, the importance PhySl0|Ogy

of ROS and RNS as signals in the cellular adaptation process to stress is now evident. In an effort to
combat the perceived deleterious effects of ROS and RNS it has become common practice for active
individuals to ingest supplements with antioxidant properties, but interfering with ROS/RNS
signalling in skeletal muscle during acute exercise may blunt favourable adaptation. There is
building evidence that antioxidant supplementation can attenuate endurance training-induced

Figure 2. Acute skeletal muscle signalling during

. } o i ) o . exercise, and interference of antioxidants to hamper
and ROS/RNS-mediated enhancements in antioxidant capacity, mitochondrial biogenesis, cellular training adaptations

defence mechanisms and insulin sensitivity. However, this is not a universal finding, potentially
indicating that there is redundancy in the mechanisms controlling skeletal muscle adaptation to
exercise, meaning that in some circumstances the negative impact of antioxidants on acute exercise
response can be overcome by training. Antioxidant supplementation has been more consistently
reported to have deleterious effects on the response to overload stress and high-intensity training,
suggesting that remodelling of skeletal muscle following resistance and high-intensity exercise is
more dependent on ROS/RNS signalling. Importantly there is no convincing evidence to suggest
that antioxidant supplementation enhances exercise-training adaptions. Overall, ROS/RNS are
likely to exhibit a non-linear (hormetic) pattern on exercise adaptations, where physiological
doses are beneficial and high exposure (which would seldom be achieved during normal exercise
training) may be detrimental.

Merry et Ristow . (2015)




En pratique

S’assurer que 1 "apport en AO est correct chez sportif
Faire bilan sanguin mais technigues compliguées et cheres

car c’est 1a que les adaptations se font

Se complementer si nécessaire pendant les péeriodes de compétitions
(les ERO sont responsables d’une fatigue précoce)

Privilégier les aliments a forte teneur AO (cf ceux vus en cours:
baies...) ou sinon les grains germees
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En pratique

« La complémentation sur le long terme n’est pas conseillée

 Sides sportifs ou des personnes mangent tres peu d’aliments
contenant des AO et/ou sont sedentaires et/ou fument, alors s’ils ne
veulent pas changer de comportement, une complementatlon

medicamenteuse a dose physiologique peut étre envisagée par
perlodes

Privilegier les complément a dose physiologigue avec multi
vitamines et minéraux

152



Antioxydant / famille Dose / durée typique Effets observés Remarques / précautions

| marqueurs oxydatifs mais peu de gain
de performance ; adaptations parfois
atténuées (MDPI)

ex. > 500 mg C + ~200-300 mg E/j
pendant 10-15 j ou plus

Eviter mégadoses pendant période

Vitamines C & E d’adaptation

Potentiel sur tolérance a la fatigue,
diminution des dommages Effet hétérogene, tester en amont
musculaires/oxydatifs (MDPI)

ex. 1,2-2,4 g/j sur quelques jours (pré-

N-acétylcystéine (NAC) compétition)

Quelques études montrent amélioration
endurance et récupération (=<60-80 % des Réponse individuelle forte variation
études positives) (PubMed)

ex. 300-600 mg anthocyanes/j pendant

Anthocyanes / baies (ex. cassis) >7 jours

Note : Toujours rappeler que les apports
via I’alimentation restent prioritaires.

Références :

*Willems ME et al. «<Anthocyanin-rich blackcurrant supplementation...» (2024) PubMed
*Perkins IC et al. «Individual responses ... New Zealand blackcurrant extract» (2024) MDPI
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https://www.mdpi.com/2072-6643/16/22/3803?utm_source=chatgpt.com
https://www.mdpi.com/2072-6643/16/22/3803?utm_source=chatgpt.com
https://pubmed.ncbi.nlm.nih.gov/39896729/?utm_source=chatgpt.com
https://pubmed.ncbi.nlm.nih.gov/39896729/?utm_source=chatgpt.com
https://www.mdpi.com/2072-6643/16/24/4253?utm_source=chatgpt.com

Consells

Mode de cuisson des legumes : doux (plutGt vapeur que eau)

Cuisson des viandes: avec des AO (ail...) car la forte chaleur génere
une oxydation

Bouteilles huiles par ex fermeées et vidées rapidement (oxydation)

Préférer fruits/légumes frais. Puis dans 1’ordre: surgelé€s , puis
conserves

Peler les fruits/légumes diminue la teneur en AO. Prefeérer le bio car
« exempt » de pesticides et plus riche en polyphénols

Concept 0-5-30 (0 alcool, 5 fruits et legumes par jour, 30 min AP/j)
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Perspectives de recherche

Complémentation personnalisee

Antioxidants in Personalized Nutrition and Exercise

Nikos V Margaritelis,"-? Vassilis Paschalis,®> Anastasios A Theodorou,* Antonios Kyparos,' and Michalis G Nikolaidis’

! Department of Physical EdL a jence s, Greece; 2Intens are Unit, 424 General Military
Hospital of Thessaloniki, saloniki, Greece; ool of Phy ducation and Sport Science, National and Kapodistrian University of Athens, Athens,
Greece; and *Department of nol of Sciences, Europec iv y Cyprus, IS

The conventional approach
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