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Effects of Exogenous Antioxidants Supplementation on Exercise-induced Adaptive
Changes

PAN Shanyao, LUO Li , WANG Guoxiang”

(School of Physical Education, Soochow University, Suzhou 215021, China)

Abstract: This paper aims to investigate the effects of supplemental exogenous antioxidants on ex-
ercise-induced adaptive changes based on the method of literature review. It is found that in order to
resist the negative effects of free radicals, sports enthusiasts often take in exogenous antioxidants to
eliminate free radicals generated during exercise. The reason why antioxidant supplementation has
an inhibitory effect on adaptive changes induced by exercise is that the regulation of endogenous
cellular redox status depends on complex free radical production and elimination systems in the
body, which can precisely regulate specific free radicals. However, the commonly used antioxidants
do not have the specific ability to eliminate free radicals, but instead destroy the regulatory ability of
these systems in the body, thus eliminating harmful reactive oxygen species/reactive nitrogen species
(ROS/RNS), and affecting the relevant signals required for cell adaptation. However, individual dif-
ferences in redox status have not been taken into account in previous studies on the effects of exer-
cise or antioxidants on redox status. The concentration of ROS / RNS has a non-linear effect on ex-
ercise adaptability and performance. The proper amount of ROS/RNS generated during exercise is
conducive to the body's adaptability to exercise. When ROS / RNS generated during exercise does
not reach the concentration range harmful to the body, the supplement of exogenous antioxidants
may affect the ROS / RNS related signals required for cell adaptation and hereby inhibit the adap-
tive changes of the body to exercise.

Key Words: free radicals; oxidative stress; exogenous antioxidants; exercise-induced

Y Fs BHA: 2020-01-06

HEWMB.: FRHRREHE(81771500),

F—EEEN WERR, & A, BRI B8 5%, E-mail:877125178@qq.com,
ESEEEY . TEE, B W #0R R SIN, EEAFR R s AMERLE . E-mail :kwang63@163.com,,
YEBBRAL: MRS RE B T8 930 215021,



HA#M 2020 F EMNHEFIH

R Z 8 Bl S U S s, IL I LT 4 19 41
Uit e EERIRAS T 19 100~200 1%, LA A H
e ZURIBEIN, 1982 4F | Davies 45 & B K Wik 47 11 98
i HFNEAT L i A e B g R,
T H B A R ARR B, 25 AL D) g
T REA 5% U5 P 48 (Reactive Oxygen Species, ROS) Al
7% PE 2 (Reactive Nitrogen Species, RNS) % # A &
iz gl i AR A AR 7 AR A T i B R IL PR D e A Y )
P T HURARR A THBR A R ThEE B Bl
Fliz By 22 U 35 5 R BORD 7t 8 371 £ A MR M Bt 48 AL R 1Y
77 ZORARIH Az Bl 7= A2 1 R AR SR VR 29T AR
W], ROS Fl RNS N4 Ml N 1Y T 205 5 70 1, ib
TGN 2 5515 T E B Y BT,
Y H 5 R R U ORI AR B g
D7 IS A PRI RE TR A OC . ARk ROk B2 i
GE R AN PRSI AE AR (94 5 2 38 3 1 B 42 3 i)
AB R, R A & A 2 e B A T B 2 1 43S
MR IR — S R, TR LR RS R
AMRZERME, B BEAPUEAT M EH &2 85
U S S TS I R /7R G T = b B N O e R B
(R 35 07 P A8 A 1 5 T AT A WA A 50

1 BBRESEHMH

AR R, G W 0L B 208 WL
HAR SO B - 805 F R R A B 2, B
YAN B B3 EZRE THA 0T, A0 A %8R
R A A W SO AR R A R S
PR ROS, B IE LN H /71 (0,) AN B F A
M3 (O;) 24 (-OH) (it S AL A (H.0,) I BTt %
1£¥) (ROOH ) il & A A AL (NO ) %

AEENZEAWD FTERE. —RBIUER
IEHABEE A, AR ST 5 B R &
A2 S FNE I 7 A O B SR e R IR R A BRI RE ;
pd s P S 78 AiOE A AR K P ITIE IINGR
P FRBETE gy AL 25 RS SRR A R S AR
Hox FEMURN A K0 H 5

VERUFEA Y, DL BB 23 TR A W b ™ A=
H 2, SULEET S T HGBT A R EEAE R R AT
H MR BRI R GE, — 280 L B 18 &R
gt , M8 E ALY 5 AL i (Superoxide Dismutase , SOD) |
1 S Ak Sl (Catalase , CAT) 5 25 bt H bk it %84k ) il
(Glutathione Peroxidase , GSH-Px) %5:4H i , SOD 1 3¢
Ak O; srfif it AL A M N, BRI TIRN B
LSS —iBE B2k ; CAT I 20/ Taiffirh, nlkg
JE 6 A1 it 2% 0GR AR AT AR 19 HL0, i 4L 4 f# S HO

Sport Science Research

F1 O,; GSH-Px XJ i 4 B A IR FE =M, vI/EH T H.0,
1 ROOH,, HLIA& by —Kyi A i R T —
FAVAEFE PR, LG40 AR 1 ) g v
BB AR a4k 2 & E(Vitamin E,VE) B- 1% N %
WG Q. ZMAMEEIRIEGWE, UUNKALET A
TR SRR BN A1 R A T B A TR A 2 A
% C(Vitamin C,VC) A bt H Jik (Glutathione, GSH) .
PRI R FRRAE, [RIB), — e ffid o R A4 BF 55
W HA B A o RE

FEIEFTEOLT, HLAR P 0PT A AL B 8 R 4 2
PIKE B P00 7 2 5 0 B 4 R 1 s A R3S
BARW Y ROS ZAUAEENE S0 T, 5 54+
AR AS . VAT e sk ad AR R AN A B4 5 Ak S AT RS
SEA BRI RE A R T AR SR, A0 SR AL ) )
Tk BN ROS Fil RNS T, HLA P 1 4 41
Gy LA AL B 1 2R G5 22 18 (0 A e AT, 7 AR it
SEALYIRT B BRI BE S R FETEVE T, XA K 4
FYI (EE T IEZEA DNA) B 458 5 Ih e r= A= ik
IR, 3 2 I GE R A AR 1) SR A I 8 AL I8 % A 1Y)
SEU P T T BRI R R BT AV A 25 5 | TE |
B 7R 25 1 BRAE A 4 AR R B DB BE £ B AE | Bl Kok
FERE AL 0 JIE 52 08 R E R 11 B JR 3 25 2 9 1)
Z"g[glz]o
2 EHSmENEEEES
2.1 B 5AHE

16 1F Wiz 3hid #E b, ROS I RNS A 51— 26 48,
FIA S5 5 3 3% -5 LR X 32 80 7= A 10 7 S A e
T A7 ST DA feff B % L A — e Sk S8 T R
A FE IR PG EAG R KT LA 79 LRI AR
SR A P A T 2 B I S UL A R R AR Y
WA, VPR, B I g nT ARk —
“Hraa e, B e A BT 8 m pLAR s B A Ak
it 76 P R SR AL TE B 24 H R S BE T (BAE R
s BT, WUARWN RS R RGN L LLTH
Wiz gl =R i K At 5 808 stk Ak N

AL VA AL ) A0 4 EE N 40 b T ATL T 2 4 35 i A ]
e 2z sl = AE B B SRR HLHT . 78 S A I 40
B, ZORD AR Y AR R B IA R 2 B B
ROS/RNS JE il i) i H 2R I8 . Tz shid , LA
TR R L F BUIRAS R 100 %, DR I 4o 1R SR R 1Y
B TR O R B Sh 5 5 1 A AL Y i 2 2
B, 5 e LR R B A A 1 1R I & A Y T
L AR ME RS RBCE TR, 5846

[mi
%
58
dT
-~
g
B
W




Imi
%
A
d
-~
g
B
W

AMF ST R BACH A2 B 00 1 AL R R

AW kN =B N s [ S S B N R B 7S
AP 3 2 1 0 AR A I 8, R PR A Y 1 2>
SO AR RR LA T e A ) o 4E Ak AR B F
H 2L, PUE R G B IR WA R ZZ ST A
S 2 EEALH
2.2 B SH AL RE N

PUARTEEAT 2tk shid, &7 B R B 3,
ENAMEZ TR R, SRR ZE 3k O 5 )
B Fh A 2 (L5 B B UURLC JILAS ) f SOD 3% 09 Sk
1M, AR AEE X 138 sl R B ILAH i — 4204k
R WA A% B AZ TR (eNOS mRNA) 23k K F & A
A A S A TR 5, B R R I, 50 IR AR
I, iz 30200 WL N % (Malondialdehyde , MDA ) %
i ERN,SOD & B E TR, R B &
IR A R R, R AR B L 1 T
PER FEAK L L eNOS mRNA 35 7K F | AT 52 i L
1A Dy FE,

HENRIEFE o, 2obkis s AL e 5 m 45
RIEA—F, Farney % LR TII4A R W2 FH1E
k12 AR T K 3 FhAS[A)H2 B G far 19 I S8 A 3
AYbREY, EIEsh)E 1 h W, i shil gt R S 5
AR A B B e, Ll A AT 42 2l B AE 5 hil
Bk 22 km Wig s JE , LA SRR R A P bR S
INEA R B AR AR (HOR 2251 32 10 1
45 min BATEZ )5, ML SOD & 1 & & 7t
2 MR L U A AT TR AR AT 2
i far JC 43z Bh I 25, 45 5 18 i2 3 4 SOD |, GSH-Px |
SPrA AL AE 11 (Total Antioxidant Capacity, T-AOC) ik
PR ZE RN, S NS AT L i & £ 47 G iz 3
ok A SR B R AR RE =

gE LTk, Zotkis sh 3t LIRS E R RE 1
AL 32 332 Fy i B A iz shiF R A 2, 3825 323K
HH BB K= A RR, Bzt R kiis
S AHLR AT RE E & Xtz s R T R A A IS N,
W 2R IZ B RN S0 o A Re ) AR Y, SR
i, 2bkissh S Edt RN %E VRS B b3 X5
Pk E ALY e A, S FEE, bt &k EE SOD |
GSH-Px 1Y 17 14t 23 W& G A

2.3 KifiEzh SHiA B HRE N

KAIWIZ By n] LAY 50K N BT S8 A0 R RCRE B 1 Y
S, EALACTE BR A b B BE I3 58, R LR Z 2 3)
R AR

W B F8 LR A L 2L S AR N K AR &

Sport Science Research

i3z 2l v DAS o5 5 s 8 & i P Ak e ) . Kanter
SEWFSY T HENRAR K (STZ) - S BB I s K e &
Ji 4 JEAK R B2 A L3z 3 s 0 ILAECAR B 38K P 19 A8
b, 45 5% s AR B2 h IRy 7 BRI sh iy, ol LA
il o LA 21 MDA JK - 5, FF 3 i SOD
GSH-Px il CAT Byi&iE, /s K58 B iz 3l vl D)3l i
I S A ] JOR 4 RO L E #E 1 2) Hegde S5 5%
T3 F H AT IO e A2 AR HE VR YT 09 10 BB IR
BEDUEACRE S, S5 R R AT L)
T GSH F VC [k B2 AT LI S AR 11 AU RE IR
T E R R AR GRS O TR

B A7 3 K HLR BT B R ) 25 R I8 T R
Y (132 2 R DATE G 4 e b A Ak Al T T B 3 s AL
TH R B H 1Y RE 7ok 22 it 5 B X LA ST AL RE T Y
20 . Muhammad 55X+ 18 4~ A K HYZ 45 /N kAT 4
JE Wk N 2, 455 R A 08 8T LRI 2/
SUHERA WL i B ol SR fR R B, LB fin T CAT A& SOD
P AR TE R WA ST A , 6 R
faf 32 SN 25 nl LAAD ) D- 2 2L 0% 5 % KRR L
MDA Fl 545 2 & & 3 m , 42 JF SOD & H: i3,
AT e L B B LA 2 b s AR S AL A A el AR
W ZE AL B L

ULl , I S X R R R AT 6 S 3 A AN [ i
FERI M GE s T, RIS Bl IR K AR
PR 52 25 SR R W A R B g A e
JIE JH DR BSURE I BE S A Bl 1 3% 1, 3 T RS B A
SRy, b A B AR R TR B s B A7 A
JE IARAT S I B, P AR R s s
J5 AT O WU 5 B R BB | R 4 v DK Bl
5 CAT H1 SOD 1y i% | &A% MDA /K-, i /b 4,
PR 2R A AR B, 38 BRSO LA I A FE D R4S I
TR B9 A SR B B 132 3l =X s R] 28 32 0kt
G, (A SR G A5 SRR | I A e R B I 2R X A%
T S Ak R et i I DU MG VE T, A B TR
W JFOIR 25 48 15 6 1 % /K S 9638 13 3z 3 i fi

3 MEMEmEAFIESEHHESHIE
TN

J T HL A LSRR, 18 Bl B R
HOAMIEPEBT AL TR T BR [ i3k o 8 F I AMIE B
AR FEAHE VC \VE gl E S MR G Q
S, BT LA BR [ B3 B R T A% R AR
IR 5 K4 o 5 Ak, IR g it D g 2, Ak
THEPLEAR A R A R EMEE S, WHER %S
AR TEEEME AR R R A R N AR Z 2



HA#M 2020 F EMNHEFIH

] BT
PRI bR B i 2 0 [R] IO 1 2 R i 3l
I R L5 R 1 — R FUBLIARE RS A, H AT TCE 18

3.1 AR EEDLR T SR B BRE )

Gabrial %X &5 A 47 2~3 WK ZLE 3 i) 3B M
AAEFEAT 90 d 1Y VC T, 38 I a1 R i
(AST) LR Bl (CK) | FL M2 M & (LDH ) ok W %¢
WLR545 , I 7 MDA S PFAh g o ik S fL A B 2 25
REoR, 5xEAAMLE, VC 4/ AST .CK LDH FlI
MDA 5 i} & FE AL, R A AN 7T VC ] LUk /> el 7142 2
R MALRR G KB N, FPHIBSERA 2 A&
Pt A AL (VE VC  Se) T 1, ¥R i Hxt 12 3h B Hi |
fRRE T AR B DL R R it S A A B S e AR is
BT R EE.OHPIEE S, WEH A
MK -6(I1L-6) 7 &2 K Il 75 SOD ,GSH-Px MDA
KOF, G55 % BB A B AL 0 RE A R s AR Bt
AALRE T, W0 R B A Bl | Y S A R B A BT
SR AR A A7 R B S LR A3 0 i /N 5 S A ] [
WHE L, FMFERIRERE 2 AE A S PR AL AT
FiE KBz shEa s, O NEAIE B Bis
JoT ik A8 Ak KO B E E R fE

{H—SERfF 5T IN Ny, b FEAMIEPE ST A AL AT fE 2
HEIE A2 3% B g b A AL RE I B9 %2 . Morrison 45
WFIT 25 5 Wow 4 TR U0 25 AT LA 38 3 v i B
AR MR L SOD T 1, 55 m B % WLh SOD2 &
2 AR5 S - A (TFAM) 2888 [ 5 09 & 15, 1 4
78 VC 1 VE 24 il B 8% L™ Az 3 46 48 J 3 1 =2, 5
Pwt 5T v, Meier 55 R BIF 5% 25 2R 5 7R it g I 24 e
N FEPTE AL ] GSH-Px SOD | i & L 43k i
fitt mMRNA )50

3.2 SMIRTEDURILH S5 Zon ik A PR 4

1t 3 U 25 nT LA v B Lo R 5 i K T e
T S AL AL RERE 01 . 2Rkl & b 75 2
PR R 1% Ak 2E 1 I (AMPK) i FL3h 4 & A A K
4 H (Mammalian Target of Rapamycin, mTOR) %5
B 1 AOR PE BE 1 U (CaMIKs) | 22 2RI AL
7R F % (Mitogen-Activated Protein Kinases, MAPKS)
AT IR Y T 4 B PGC-1ar (NRF-1/2 45 5 il i %
PR ST 28 R o 9 2 B AMIE P B AU 3R b
TR RIS B 5| S (A 2RI A ) K A A S B Sk
KR8, Paulsen S5 R 5% & B, 11 J& (it 131 25
2 523 B DU Sk LA COX4 Al PGC-1a 38 JilT , 11
YR Rl B #b 78 VC VE S 3l i — 20 ™ Wadley

Sport Science Research

S5, A M A T 5 AR B B T
YIZha e 1 SR AR I R AF3E N, (] T — 2e 2ok
TR A A S 5 5 S 5 L (p38 MAPK ,AMPK |
ERK1/2) = 5 /i 5% 285 2R Wk s Bt S Ak 71 iz Bl et
2 bR A B A U IR, Andreani 45 2 ST 45 0
N A HEAT P F G Q10 b T A b S iR
i3, 453 % Bz 3 AT DL A O A Y 2k
TRIIRE , HAHET Q10 1 #h 78 il L34 i LR 1

3.3 ShURTEBLE AL S LG &5k B o ok

Makanae %544 K UL M 8 F R4 VC 41
GRIFIA, X VC U KRR AR RIEAT T4 5 i
B HER LS L B s WL DI B | 28 7 B LR 17 far 155 78
JEXF VC HH AT 14 d B9 VC #h7E, Z5R R VC
2 T2 Jk ) 2 1 B UL R R B P R G o
S A 22 et 0 4 1) 5 R K p70sek  Erk1/2 (JILIA & 1
FA B IE R 50 ) B 20k B3 TR R 4L, LA
EHirEY B ERTERFARL, XEWHT VC L
] Bt 2 5 A B B B LAE KB Paulsen S8 00F 5%
K VC HI VE Ah s &30 10 J8 97 &l 2Rk i)
EAES AR ILA K, Bjsrnsen 55 L1
AE B AR A2 4, £ X VC T VE B9 #b T X
St AT 12 JA S I G 0 2 47 53 vk B LA B A B2 IR
PEATIR Y, 453 Won VC VE #7841 8 UL A & A
JUE L JUUJEE B 1 A S IR TR A, R A
VC \VE 23l 24 5 M 1 il 255 e A LA BE R0
Dutra %43 H TR MIA4EE, KEI#N 7 VC VE &%
K 10 JE 5 I 5 0 A 3 A e 1 B W sk L 1 R e
(EAHAE S TAERE /1™, R4S R WoR | #h
VC \VE A RE 24K 38 3 % B 8% L4G A4 K Sh fig i A
Fr AL

EA [] B0 R A 700 %ok 328 30 )5 B B LSS ¥ R o) g
()52 AL F- A ), 78 WG 25 s 9 BF 55 v, Jannig 45 412
i, #hFE N- S e 2R (NAC) Xt 2tk iz 3h
Ji K RS A B B LT 8 R 9 A BE 7 HL A ks
TERU 5 NARDESE T, Levers SF AR 45 R BoR
it BREATF 4% 5 M AE R AT 0 B DI 5 1% [ I D 75 A5k 42 e
YIS AT A 2 A2 Bl 5 LA AR R, 38 mT DA 3%
HALABRIFS,

3.4 SPURPEDUEALT S A AR B . PR K6
&

KM AT 45 P A T 4B MR 2 IR 9 T LA R
5% 2R AR | AT 2l ML V8 2 I A A BE 0 1,
A ESE £ B ROS 1 RNS 5z s o & v i 8% L 45

[mi
%
58
dT
-~
g
B
W




Imi
%
A
d
-~
g
B
W

AMF ST R BACH A2 B 00 1 AL R R

2] Y 1) B8 JBORI IR [ 38 S50 M A O H |l T 4 X 4
TEPEBT AT X AR B o8 50, wokb 78 70 A
PR S 75 6 7= A 5 i N B B

Ristow Z£ 8 5% & BX , 4 J&iz sl 45 K VC \VE
e [5]  190 25 1 1 32 3h 51 1 R 5 3R RO 3 i e
B Yfanti %K Il 2R} [a] 34 & 12 JA R, &8 VC VE
BRI FEAN 23 52 W32 Bl 5| A 1 9 5 22 B0 B e 5 3R
FHOCHE 15T mRNA FE 8 ime B T VE \VC ),
A B 58 SR T oAb B A AL, Trewin %R FH T
] 5238 PR P A NAC 1 T 100 B, 25 R R AR 72
NAC 1] 41l il iz sl 5| i) 1 15 22 Akt 1 i el

3.5 Sh IR HEHUE AL R Wi 8 2 51 & 1Y S Bk A
AL iy W] fE DL

SR IS RN WS B i 7 s U BT IA i A Yt o
TR, a3k mT 8 T P IR T 20 e G A RO
8 9 AR T AL B R SR P AR R R R G, X
e 22 25 n] LIOKS 6 8 R 1 A PR 2 (B AR
Tl BT R AL R A VC AT VE R B A 5 S
HHEERRE T, MR T AL 28 22 55 114 8 7 Ak
F1U9 AL B T A E ) ROS/RNS, i 5 M 2 o 1% )
i i ROS / RNS #HG 155 . Merry il Ristow X 1t 4
i ROS/RNS ¥ B2 5% Y1 253 o 1 iz sl R A R4
PEFEF LI 10, B ki, A 5 & 11 ROS/RNS 1]
DAAR DRI Rl b A s R 8L, MPiEeRImpR T4
P77 5V N 9 ROS/RNS 5 23 52 i 32 3 ke i B
TR ) B9 ROS/RNS U2 3 il HILAA il 1 50
N FZ ZhF B, Heis, B AR G T AT RE A B T

Frid 2 A A4 F A I,

Positive
(%)
4
% Increasing ROS/RNS
9: exposure (level, time)
s Neutral
i 7
=
w

— Performance
Negative | — Training adaptations

1 ROS/RNS ¥ B 37 iJll £k i& Rz 14 #0315 3h = B A0 3E
ZMEER)
Figure 1 Nonlinear Effect of ROS / RNS Concentration
on Exercise Adaptability and Performance™!

e Ah A BTTEAR H AR AT S 7R 8 sh s 4]
RIS T AR EALIE RS 152 i, #RIA R 4R
T3 JFUIRZS AR 22 53 %5 TEAE N BT, Block 25058 &

Sport Science Research

B, A YRS N ORI E (KBRS
) ARE B, VC H VE 4h 784 S HLR Y A Ak
7 I A W RR A A, Veskoukis 5438 | if JF R GSH
WA E AR 1938 sh R IR S8 b B SOK P 38
2 i A AL A R RE 0 B 22, AT T R F SR IR 41T T NAC
X AR JFARAS 152, 45 R WoR /b FE NAC H XK
BRI GSH A B 19 AL I8 I RS B 1
R ECIRZSTS GSH {H 1E % 584 = & #F L o & 5
M AL W) b S Ak AR A T 8 23 5% 42 Bl il /8
LA T FHLA A AR FOR S BPE, B ik
SERMRERNESR, WATRZEH T2HE0E
% T WA MU EAL I RS 2 7 S5

4 HitE5EW

ROS/RNS ¥k & X} iz aly Il k3 W 1 Fl iz 3l 3% 3
HA AL MAEH 12 sh i 7= 4 19 15 & ROS/RNS 45
TSI 2h 7= Az R 038 B AR AL, 2438 s i =
A= ) ROS/RNS #E LAk FI) X6 AL A 56 16 1 38 3 FRl A,
AN BT AR ) b 8 0T BB 235 1 20 S8 T 7 1Y)
ROS/RNS #H A5 5, il AL A4 X iz 8h 7 A= 38 I 1 AR
o ARRAR M FE AT LR TR AL A4 B 26 21 2 i 24 i
HA R YA E PR CanZobr i ds 544
PUEALH]) SRBUC VC VE R4 Sk b 8L 7 78
A 5532 R0 A SR A SRR S ST I , A
BIEZ A FE AT P AT S LR RS T B E 225

SE k.

[1] Davies K. J., Quintanilha A. T., Brooks G. A., et al.
Free radicals and tissue damage produced by exercise[J].
Biochem. Biophys. Res. Commun., 1982, 107(4):1198-
1205.

[2] Barquissau V., Capel F., Dardevet D., et al. Reactive
oxygen species enhance mitochondrial function, insulin
sensitivity and glucose uptake in skeletal muscle of sen-
escence accelerated prone mice SAMP8[J]. Free Radic.
Biol. Med., 2017, 113:267-279.

[3] Ristow M. Unraveling the truth about antioxidants: mi-
tohormesis explains ROS-induced health benefits[J]. Nat.
Med., 2014, 20(7):709-711.

[4] Pinegin B., Vorobjeva N., Pashenkov M., et al. The role
of mitochondrial ROS in antibacterial immunity[J]. J.
Cell Physiol., 2018, 233(5):3745-3754.

[5] Margaritelis N. V., Kyparos A., Paschalis V., et al. Re-
ductive stress after exercise: the issue of redox individu-
ality[J]. Redox. Biol., 2014, 2(1):520-528.



hAPMm 2020 F ENEEIH

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Block G., Jensen C. D., Morrow J. D., et al. The effect
of vitamins C and E on biomarkers of oxidative stress
depends on baseline level[J]. Free Radic. Biol. Med.,
2008, 45(4):377-384.

Veskoukis A. S., Tsatsakis A. M., Kouretas D. Dietary
oxidative stress and antioxidant defense with an empha-
sis on plant extract administration[J]. Cell Stress Chap-
erones, 2012, 17(1):11-21.

Finkel T. Signal transduction by reactive oxygen species
[J]. J. Cell Biol., 2011, 194(1):7-15.

Folli F., Corradi D., Fanti P., et al. The role of oxidati-
ve stress in the pathogenesis of type 2 diabetes mellitus
micro-and macrovascular complications: avenues for a
mechanistic-based therapeutic approach[J]. Curr. Diabe-
tes Rev., 2011, 7(5):313-324.

Guillemin G. J., Essa M. M., Song B. J., et al. Dietary
Supplements/Antioxidants: Impact on Redox Status in
Brain Diseases[J]. Oxid. Med. Cell Longev., 2017,
2017: 5048432.

Yalcin A. S., Karademir B. Redox Regulation and Can-
cer Therapy[J]. Curr. Pharm. Des., 2018, 24(44): 5232-5233.
Kunkemoeller B., Kyriakides T. R. Redox Signaling in
Diabetic Wound Healing Regulates Extracellular Matrix
Deposition[J]. Antioxid Redox Signal, 2017, 27(12):
823-838.

Gomez-Cabrera M. C., Salvador-Pascual A., Cabo H.,
et al. Redox modulation of mitochondriogenesis in exer-
cise. Does antioxidant supplementation blunt the bene-
fits of exercise training?[J]. Free Radic. Biol. Med.,
2015, 86:37-46.

Chen L. H., Huang S. Y., Huang K. C., et al. Lacto-
bacillus paracasei PS23 decelerated age-related muscle
loss by ensuring mitochondrial function in SAMP8 mice
[J]. Aging (Albany NY), 2019, 11(2):756-770.

Kang E. S., Hwang J. S., Lee W. J,, et al. Ligand-acti-
vated PPARS inhibits angiotensin Il-stimulated hypertro-
phy of vascular smooth muscle cells by targeting ROS
[J]. PLoS One, 2019, 14(1):1-15.

Ji L. L. Exercise-induced modulation of antioxidant de-
fense[J]. Ann. N. Y. Acad. Sci., 2002, 959:82-92.

JA KA A e, A )iz S0 R B LA AR
1 % eNOS mRNA 33k 7K (14 52 0 [J]. s PR S 2 T2,
2016,23(9):1162-1164.

Farney T. M., McCarthy C. G., Canale R. E., et al. Ab-
sence of blood oxidative stress in trained men after str-
enuous exercise[J]. Med. Sci. Sports Exerc., 2012, 44
(10):1855-1863.

Mena P., Maynar M., Gutierrez J. M., et al. Erythrocy-

Sport Science Research

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

te free radical scavenger enzymes in bicycle professional
racers. Adaptation to training[J]. Int. J. Sports Med.,
1991, 12(6):563-566.

Khassaf M., Child R. B., McArdle A., et al. Time course
of responses of human skeletal muscle to oxidative stress
induced by nondamaging exercise[J]. J. Appl. Physiol.,
2001, 90(3):1031-1035.

TR v £ Aaf TG A8 B I R IR e A Bl AR Y
R[] Bl R 5 T #2,2017,17(21):217-221.
Kanter M., Aksu F., Takir M., et al. Effects of low in-
tensity exercise against apoptosis and oxidative stress in
Streptozotocin-induced diabetic rat heart[J]. Exp. Clin.
Endocrinol Diabetes, 2017, 125(9):583-591.

Hegde S. V., Adhikari P., Kotian S., et al. Effect of 3-
month yoga on oxidative stress in type 2 diabetes with
or without complications: a controlled clinical trial [J].
Diabetes Care, 2011, 34(10):2208-2210.

Muhammad M. H, Allam M. M. Resveratrol and/or ex-
ercise training counteract aging-associated decline of ph-
ysical endurance in aged mice; targeting mitochondrial
biogenesis and function[J]. J. Physiol. Sci., 2018, 68(5):
681-688.

XM ZR6 T TR D- 2R FLE 2 KR #ILA
VR AR ) (9 A 5 [I]. K 3% K227 41k, 2017,38
(3):75-81+85.

I, H R, R IGE O A [R5 32328 Bl 00 HE JBE DR U
S8 AN ORI AR 1k 2R K H A2 A B 52 e [3]. v [ i Bl B2
2p3k,2017,36(9):779-787.

TR, 7 WAL, Wi . vh 45 5 B2 AT 4608 Sl ATA T
IR I7 I 3 52 LR BOKR B WU A5 59 52w B0F 5 [9].
i E 2#,2018,30(11):1095-1099.

Sung D. J., Kim S., Kim J., et al. Role of I-carnitine in
sports performance: Focus on ergogenic aid and antioxi-
dant[J]. Science & Sports, 2016, 31(4): 177-188.
Gabrial S. G. N., Shakib M. R., Gabrial G. N. Protec-
tive Role of Vitamin C Intake on Muscle Damage in Male
Adolescents Performing Strenuous Physical Activity[J].
Open Access Maced. J. Med. Sci., 2018, 6(9):1594-1598.
FHE, 7K 2 B A T BN — ROKIR B 32 3 5 15 3 5t
ML P AR LA 2R -6 & AT Al BRI R 52 e [9].
T RE K 2E 23R (A SR B4 /R),2014,44(6):711-714.
/NG o W 3, S AR R FE R SR B 28 R 4 i K
Xf g 332 Bl R B ULl BRI A S e [3]. 4 4K
& FH4,2016,6(35):25-27.

JE B A o g I RO BT 9 0 Bl JS 0 LR
PUAAAAE BT [J].0K B BHE SCikid 41,2018, 26(7):
148-150.

Morrison D., Hughes J., Della Gatta P. A., et al. Vita-



AMF ST R BACH A2 B 00 1 AL R R

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

min C and E supplementation prevents some of the cel-
lular adaptations to endurance-training in humans[J]. Free
Radic. Biol. Med., 2015, 89:852-862.

Meier P., Renga M., Hoppeler H., et al. The impact of
antioxidant supplements and endurance exercise on genes
of the carbohydrate and lipid metabolism in skeletal mu-
scle of mice[J]. Cell Biochem. Funct., 2013, 31(1):
51-59.

Paulsen G., Cumming K. T., Holden G., et al. Vitamin
C and E supplementation hampers cellular adaptation to
endurance training in humans: a double-blind, randomi-
sed, controlled trial [J]. J. Physiol., 2014, 592(8):1887-1901.
Wadley G. D., Nicolas M. A., Hiam D. S., et al. Xan-
thine oxidase inhibition attenuates skeletal muscle signa-
ling following acute exercise but does not impair mito-
chondrial adaptations to endurance training[J]. Am. J.
Physiol. Endocrinol. Metab., 2013, 304(8):853-862.
Andreani C., Bartolacci C., Guescini M., et al. Combi-
nation of Coenzyme Q10 Intake and Moderate Physical
Activity Counteracts Mitochondrial Dysfunctions in a
SAMP8 Mouse Model[J]. Oxid. Med. Cell Longev.,
2018, 2018:1-15.

Makanae Y., Kawada S., Sasaki K., et al. Vitamin C
administration attenuates overload-induced skeletal mus-
cle hypertrophy in rats[J]. Acta Physiol (Oxf),2013,208
(1):57-65.

Paulsen G., Hamarsland H., Cumming K. T., et al. Vi-
tamin C and E supplementation alters protein signalling
after a strength training session, but not muscle growth
during 10 weeks of training after a strength training ses-
sion, but not muscle growth during 10 weeks of training
[J]. J. Physiol., 2014, 592(24):5391-5408.

Bjsrnsen T., Salvesen S., Berntsen S., et al. Vitamin C
and E supplementation blunts increases in total lean body
mass in elderly men after strength training[J]. Scand. J.
Med. Sci. Sports, 2016, 26(7):755-763.

Dutra M. T., Alex S., Mota M. R., et al. Effect of stre-
ngth training combined with antioxidant supplementation

S

Sport Science Research

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

on muscular performance[J]. Appl. Physiol. Nutr. Me-
tab., 2018, 43(8):775-781.

Jannig P. R., Alves C. R. R., Voltarelli V. A., et al.
Effects of N-acetylcysteine on isolated skeletal muscle
contractile properties after an acute bout of aerobic exer-
cise[J]. Life Sci., 2017, 191:46-51.

Levers K., Dalton R., Galvan E., et al. Effects of pow-
dered Montmorency tart cherry supplementation on an a-
cute bout of intense lower body strength exercise in re-
sistance trained males[J]. J. Int. Soc. Sports Nutr., 2015,
12(1):1-23.

Spgaard D., Lund M. T., Scheuer C. M., et al. High-in-
tensity interval training improves insulin sensitivity in
older individuals[J]. Acta. Physiol. (Oxf), 2018,
222(4): €13009.

Richter E. A., Hargreaves M. Exercise, GLUT4, and ske-
letal muscle glucose uptake[J]. Physiol .Rev., 2013, 93
(3):993-1017.

Ristow M., Zarse K., Oberbach A., et al. Antioxidants
prevent health-promoting effects of physical exercise in
humans[J]. Proc. Natl. Acad. Sci. U S A, 2009, 106(21):
8665-8670.

Yfanti C., Nielsen A. R., Akerstr?m T., et al. The effe-
ct of antioxidant supplementation on insulin-sensitivity
in response to endurance exercise training[J]. Am. J. Ph-
ysiol. Endocrinol. Metab., 2011, 300(5):761-770.
Trewin A. J., Lundell L. S., Perry B. D., et al. Effect
of N-acetylcysteine infusion on exercise induced modu-
lation of insulin sensitivity, and signaling pathways in
human skeletal muscle[J]. Am. J. Physiol. Endocrinol.
Metab., 2015, 309(4):388-397.

FEAS 3z gl Zrrb b SEBUAEALR] At ik 2 A F2[I].
A& FHIF,2019,40(01):1-21.

Merry T. L., Ristow M. Do antioxidant supplements in-
terfere with skeletal muscle adaptation to exercise train-
ing?[J]. J. Physiol., 2016, 594(18):5135-5147.

(FTE % 4 . %1 %)



