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Antioxidant Levels and Lipid Peroxidation in Plasma and

Erythrocyte Following Treadmill Running
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Department of Food Science and Nwrition, Dong-eui University, Pusan 614-714, Korea

ABSTRACT

The relationship between cxercise intensity, oxidative stress and antioxidant status has been studied in sixteen trained male
athletes aged 20-25years. Subjects performed 30-40minutes of treadmill running at 65% of VO, max(moderate intensity
exercise), followed by 5 minutes of running ar 85% of VO, max(high intensity exercise). Blood samples were taken before and
immediately after two exercise bouts for measurement of blood antioxidants, indices of lipid peroxidation and susceptibility of
erythrocyte to peroxidation. Plasma concentrations of cholesterol(7.3%), vitamin C(7.5%) and uric acid(2.1%) were elevated a little
after exercise at 65% of VO, max, and raised further after exercise at 85% of VO, max. Plasma TBARS concentrations after both
excreises at 65% of VO, max(10.4%) and 85% of VO, .max(13.7%) were significantly higher than before exercise(p < 0.05).
However, these exercise-induced changes could be partly due to significant decreases in plasma volume which occurred after both
exercise bouts(p <{ 0.05). Plasma volume decreased 5.85+2.06% and 11.25 + 2.87% with exercise at 65% and 85% of VO, max,
respectively. The erythrocyte susceptibility to peroxidation after exercise at 65% of VO, max was unchanged compared with the
value before exercise, whereas after exercise at 85% of VO, max, it was significantly higher than after exercise at 65% of VO, max as
well as before exercise(p < 0.05). A significant increase in erythrocyte o-tocopherol was observed with exercise at 85% of VO, max
(29.10 £ 4.76pg,/g Hb) when compared with the level before exercise(24.61 + 3.45pg/g Hb)(p < 0.05). The results suggest that
exercise-induced changes in plasma levels of lipid peroxide and antioxidant need to be evaluated, taking the shift in plasma volume
into consideration. Also, exercise at high intensity corresponding to 85% of VO, max alters the erythrocyte antioxidant status in
relation to exercise-induced increascs of oxidative stress. (Korean J Nutrition 32(8) : 870~-876, 1999)

KEY WORDS: exercise intensity, oxidative stress, antioxidant, lipid peroxidation, plasma volume.
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1. LAt

B e Fed gialae #a] £38 29 18w =1

HAFEZA, 20~25419 @ale|t}, ©]F 16% ] treadmi-
el A Bt 2k4H4 3 (V0. max) 43 VO, max®] 65%
9 85% AR 22 sttt

2. VO, max% {HHZ

VO, max® 5% 7AAH treadmillf A o el/de] &5
Z1837) ol el o]=2F L o] FAHYM, VO,
max?) 656% 2 85% W=e] 255 wEY] 5T Ao
olFo| A}, AN AFTLE AFAZ7|E SASF T AR
e AR u=7] (Bio-electrical impedence fatness an-
alyzer. Gilwoo Trading Company)® &4t}

3. 23 Eo%} YAXH
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o o] Axe FFL o A&7 0134%”.% Hdn
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4. Yetord BN

B AL FHAHT L 848 BHE T EQRIS
geh) & ol43l9ln, TBARSE 1.1,3,3-tetraethoxypro-
panes EFEIE 8t FFEE FHs1ch " viehd
CE 0. Pelletiery] Wi e 7 E&sl9n),

H@Te) ksl et 9725 = Stocks?t Dorman-
dy9] 2ol wret AAstdoh AR AEFE iso-os-
motic phosphate-buffered saline(pH 7.4)9] #-3}d
10%<] AT dgd& 24 g UL sodium azideSt hy-
drogen peroxide® Z7}etErh. 37T A”rzeA] 30,
60. 90, 120, 150, 180& zHAe= #-2xe] ¥ 4mle] &
golg sl 9mle] TCA-arsenite® Polt} E3E2

A4EESIS AFEd dmlE #H3tn 7)o 1mle] TBAS
Wol 1681 B 7204 A § S4] ¥Zste 532
nmel A FF=E 15t 2 A7k MDA(malondialde-
hyde)®] &34 (1.56 x 10°M 'cm )& °]-&&ted nmol
MDA/g HbZ vyehjict,

Hyo] 8L Miki g9 W ¥e] wjeh I4kal] g
U3 E SAY 271070 5 24 FAd Hasd
ok Yol ZF AztgE R Eug HET gEds
HAsld F74 1 iso-osmotic phosphate—buffered sali-

ne(pH 7.4)& A7lste] Ad&ed 5 540nmaAA &E4
o] §REE EASYU SEATE 8L E Hylele] A

< ol tig T34 SSdellA A& o] ¥
ntage hemolysis) = AR o] =% negative con-
trololl M @2 ghg gt FAH FA)o)th
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872/ 85l M AEA &gt 4tE
¥ VO, max(maximum O consumption)= 52.2ml/kg/
min®| A w(Table 1).

2. HYBN W3}
£5 Aol v]ale 65% VO. maxs} 85% VO, max &%

Fol Hbe Het7h 7Fske %S 291, 53] b &
5 2414'?1- 85% VO, max & 27 Z715k99cHTable 2).
Hb= mﬂr 7 =) 5 Tl 247) o 5.4%¢ 9
3%4 ~7}b} 3, Hete 217) ¢k 55%%} 9.1% 2713
o} o]t tﬂSﬂr— e Yo% u]4d opfoz tﬂ;}ﬁ]—
@ o2 2, A¥Fe 27|y Hb gake] Azl d&

2 opd oy B} 7 Ao $F TR F ¥4 7y
7} Z}7) 5.85 + 2.06%, 11.25 + 2.87%4 &-J5kH 74
ST o] 2 Q18] FEE A2 Bl

3. YA R %”‘fﬁlﬁl 5k
Y AdFEEe 442 govt &5 A wet
/MRS is’at‘r(Table 3). o1E8 71 AL Fig. 1914
WESE BAFE FAAEE &5 Ao vlatd 65% VO,
max &% ¥l 5.2%9%} 85% VO, max €% ol 05% &
7} Hen, ZAHES 77) 7.3%% 124%% Z7kets

Table 1. Physical characteristics of subjects and maximurm oxygen
consumption

Variables Mean + SD
N 16

Height(cm) 1729 £ 4.3
Body weight(kg) 67.8 + 8.3
Fatness(%) 158 £ 49
BMiI(kg/m*) 226+ 2.2
VO: max(ml/kg/min) 522+ 9.1

Table 2. QObservations on blood before and after exercise

o S gastEdRA dE Cd 2ate sEe 3F

A &5 o] g} fo9L gAT SISk Ao
SAtHTable 3). HEF Co] v 2 %5 FEM 75%
9 18.8% F718tgen, 24ke 2.1%9} 10.8% F7HEith
(Fig. 1). olsk Zo] B2gs) Aol FAkalgge] Frjehe
e G 79 e frid A2 Bl

=

4. HZO KA o AT

TBARS®] 2X& A= ¥3d Hiakl 24 98-g
¥oug FAstr)sr f44] okn? mdk 2 0191'3] B
320l TBARSE 38T 1 @] F7k= AE =t
7} FUEASE Yehis AR Fig. 2614 %
o] 48] TBARSE &% Z(2.12 + 0.23nmol/ml)ol H]
gle] 7+ 5 kel 2471 10.4%9} 13.7% 5 #-ol A
7= o] 65% VO, max &% T 2.34 + 0.20nmol/ml.
85% VO, max €% Fol|+= 2.41 = 0.11 nmol/mlE e}
WiHp <0.08). &, &%50] AgAEy A B 24
71 Zlo2 UEyont, 59 2R mE Aol Ko
A et 2y olejg sslaEd 2] RhE Halo)
FAREE nesle] gaEojol & AR B}

5. @819 a-tocopherol BF

Fig. 39 931d H8+9] a-tocopherol L 25 Ao
24.61 + 3.4518/g Hbolx, 65%% 85% VO, max 55
8} Fell= 247] 25.80 £ 3.13ug/g Hb¥} 29.10 £ 4.76pg/g

Hbel itk o-tocopherol &k 5531 Ao H|3le] 85
% VO2 max®| &% F3h o FrelatA 23 (p <0.
05), +% Z=o f& Apolw 42 HolA ¥gkor}
65%<] VO, max Bt} 85%92] VO, maxolX EL& 422

Variables Rest Exercise at 65% of VO, max Exercise at 85% of VO, max
Hemoglobin(g/dl) 15.10 = 0.98 1591 £ 1.13 16.51 £ 1.211
Hematocrit(%) 43,94 + 2.64 46.35 = 3.10 4792 + 3.82

A Plasma volume(%) - -5.85 = 2.06' -11.25 + 2.87%*

A Blood volume(%) - -4.12 + 1.947 -7.24 £ 2.04™!

Values are mean =+ SD
T : Significant difference from value at rest(p < 0.05)

t : Significant difference from value after exercise at 65% of VO, max(p < 0.05)

Table 3. Plasma level of lipid, vitamin C and uric acid before and after exercise

Variables Rest Exercise at 65% of VO, max Exercise at 85% of VO, max
Triglyceride(mg/dl) 60.41 + 16.29 63.58 + 19.93™ 66.16 £ 18.39™
Cholesterol(mg/dl) 93.04 = 25.67 99.87 £ 17.11 104.57 + 23.04
Vitamin C(gmol/l) 53.06 = 15.40 57.05 + 18.34 63.03 + 12,57

Uric acid(mg/dl) 5.67 + 0.86 579 £ 1.18 6.28 £ 0.86

Values are mean * SD

NS: no significant difference
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Fig. 1. Changes of plasma volume and plasma [ipid, vitamin C and
uric acid concentrations after exercise at 65% and 85% of VO, max.
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Fig. 2. Plasma TBARS concentrations at rest and after exercise at 65
% and 85% of VO, max. *Significant difference from value at rest
(p < 0.05).
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rest 65% VO, max 85% V. max

Fig. 3. Erythrocyte o-tocopherol concentrations at rest and after exerci-
se at 65% and 85% of VO, max. *Significant difference from value at
rest(p < 0.05).

Jehir.

6. MEo A|ZBMO Cf St DIYE & 8

Fatalrao o fatee AT A DAl
F AREE $% T $as E7REAUTHTable 4).
ZdE 302 2 150829 A Alke A9 B E

I

. 32(8) . 870-876, 1999 /873

7oA AP UAEE 259 2 et f95kA ¥
#H=2 el £5 43 65% VO, max A=Y 255 A
Ag % A9E v T of TBARS o Ael7} glont,
85% VO, max?| £5& 2% 7| vlslod TBARSZI =
Al 27 etEL B ole} 65% VO, max 2] plaiA =
FroJahAl =itk (p <0.05).

Zg7e] TBARS HAn #Hajsle] uddiod s
fuEE A7) 298 A A RE F7)A &
zRse 59 Ard Wl Folg HeolA E9ckTa-
ble 5). &% Ao} 65% VO, max % F 5l 85
% VO, max %2 7% 2771 v gol EhHE &
e ol AEYr}l 2ut AP TBARS A% &
& Atold] ko] HBFA) e RO= eleo 24 (65%
VO; max; r = 0.66792, 85% VO, max: r = 0.68893,
p <0.05, Table AA3}A] ke 4tatA ol wa} S8
ARHE Ao B,

nkg

2=

2% Tl Ade] Bxo FHE olrt Ak F F
HE 68 FA7} treadmillell A 60~75% VO, maxS]
e A7 gl fof Pz Qste] o] Bt 96
%, 87 H37} 12.2%% AT RudRn® Cos-
till? Finkel] 28t 53l 24 Y= o] FUs=
2 3o By} gady Zr 9w %% 3% o €%
o] A=ato] Z71E At} Meydani 5o &89 -16%
A treadmillolq Hoi4lekgo] 75%0 Ese =
2458 2 § ujEi Ce 14~4% S71EHUL a4k
1~10% Z7HE 9t 08§ S7hs g3 2%0F A
jo] o] Fale) wel @Ho] FEE9 7] wiEoln ol et
ZAo] 718 Feof ZF re) Hak= glolF o™ Duth-
ie 59 A7oME @Eulets $of vlElR C7} 34%, &
ato] 94%. Ed|2EHZ0] 4% 2 FrosH E7FE 31T ol 2%
Wil BRFHo g Ao o)Fd ) A 4 UAT

gojze auld al 2dg T3Ele o7 ARAE
o &4 FAT EFd) B A7l 2AY ittt
AzEAow BRAR L™ TBARS, &3H52 7h2, conju-
gated dienes 5] SFH Tt Alessio Tl ¢fst® MDA
#3359 ZAx Aleld] ATA} e AR HHA
12 Kanter 59 974 60% VO, maxs} 90% VO,
max 2% $% Fo €3 MDA 3714 AeFo] f
& A F7HEAL® B A7 AR +F Al B
3l 65% VO, maxet 85% VO, max #4594 7+ &5 &
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Table 4. Hydrogen peroxide-induced erythrocyte susceptibility to peroxidation

(nmol MDA/g Hb)

Incubation time(min) Rest

Exercise at 65% of VO, max

Exercise at 85% of VO, max

30 61246 = 53.27 597.61 = 78.33 659.35 = 110.66
60 673.60 = 81.72 $98.87 = 54.02 787.58 = 51.29%¢
920 75297 £ 111.09 75779 £ 63.46 866.78 = 71.44"7*
120 799.18 + 127.33 820.33 + 10637 929.41 = 8§1.227*
150 812.81 £ 118.69 890.91 £ 119.85 94293 + 98.49
180 839.59 = 92.01 85861 = 99.73 976.85 = 96.16"*

Values are mean + SD

T : Significant difference from value at rest(p < 0.05)

% : Significant difference from value after exercise at 65% of VO, max(p < 0.05)

Table 5. Hydrogen peroxide-induced erythrocyte hemolysis

(%)

Incubalion time(min) Rest Exercise at 65% of VO, max Exercise at 85% of VO, max
30 10.72 + 4.22 1038 = 2.83" 14.73 + 423"
60 19.65 = 6.93 23.00 = 874 2497 £ 7.06
90 2780 £ 6.18 2727 = 8.93 3358 + B8.88
120 3358 £ 4.34 3168+ 932 3756 £ 11.21
150 3866 £ 3.37 38.60 £ 10.40 42.78 £ 12.09
180 42.09 = 4.55 38.74 £ 11.59 4643 £1297
Values are mean + 5D NS: no significant difference
of ¥} TBARS7F )8l Z7heledch 2aih ]88 ABAEHAE fUE, o) 2RO} £ FE
#ro] B3 Wgel] Wate] 2dT ) fejdo] AA=EE 2 o wat A3 &4ke) At a2 vehdE ¢ 7 Uk
35 Byt WA B AP ekt A7 gaslEl dee ZME 50 st dskrEdas)

o, AAARAEE T dF AR FTEAE 65%<
85% VO, max =9 +5o= Z17] 845907} 5.9%%
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o2 49 4 gk o] Aol e 2F F a:qu}
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25z Aeg g 5 9lth

&0 B et FEMgTL ol B de] giAt
Zpek A Az Aol7) gl EAHEAE(170.2 + 2.8cm
66.5 + 10.5kg ; 22.9 = 3.3kg/m?* BMI) tiAtes Y3
#7¢9] 2F F5E AAS 249 65% VO, maxd] 25 F
o % ol vlse] Feigk AolE rolx gyt 8]
U 85% VO, max 7 Ee] 2% 3o @3] 237} 2+43)
Hx, B9 A dHitsEe] AFX(TBARS)E 2.01 £ 0.34
nmol/miel A 2.40 £ 0.16nmol/mlE 7158 HE+
9} tocopherol &2 & Aol 24.05 & 3.54pg/g Hbol
A &% 3t S| 28.36 + 3.621g/g Hbo 2 S7H6t5le
o, Ao @Rl e 97 =E 3089 e
N7k AQE Zk F7164 &5 Fo FASA FEA
o}, 0|9} Zo] Ywt thARRhg B 7o) FHg BFolA
FERE Foll fAle MEk S velles, &% F
= AR AAhAR R WA 277 SUEHEA AxRA
AN F4E 4H3] FYAT)= w8 FEUE o3 2
T2 P48 o Sies™d) 978 18 @ 9 27
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A W= RN A Fog 2518 Q8 fus
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UGl e FrHoR o)FolAe B2 ¥ JAH FFL
Zroll A MDAS] AlAEE Folx, @559 o5 oA 2
e 29 3o 9 AL RHe #4498 At
AH&7)dL Hojsin, 5o dg Alghe MslaEd 2~
o o el Athe AMEF HRle] JE AR By #®

SxO Ao ARG Z71R nel AR E F
A7t} TreadmillslA 65% VO, max®} 85% VO. max
ZAEel &5 Bt Al HaolM-Ade] FxkErt S
1, ol3gt AslaEd s Frtd tidte) B ghitE) v
B e Fxr} Svbshe whd, g3 Bu7) HseA 7
28 @A) ekt Eg &% F FEE 3718 By
¥ P TBARSE 228 E38dl tdle] 14T of,
o ol oAl AolE HolA] ggict mekA Bl A
5o ME 2hEA 4] A il s 49 3
&, B Axe 25 Eobd €4 Furt Zastng 9%
o wjelgl FFolut AAIER R F7HE AR T
Aol 2 Zelsle] MriHojol & Ao 7 B} APy Me
85% VO, max®?| 7= ®& &% F3= AZANs7 5
A Q2 ololl tiated a-tocopherole] F&o] Z7alsit.
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