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EFFECTS OF DAILY PHYSICAL ACTIVITY ON OXIDATIVE STRESS
IN MIDDLE-AGED AND ELDERLY PEOPLE
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IcHIRO KONO and SHINYA KUNO

Abstract

The effect of daily physical activity on oxidative stress is still an unknown issue, especially in
middle-aged and elderly individuals. In this study, we examined the relationships of oxidative stress
and antioxidant capacity with daily physical activity, taking into consideration the dietary antiox-
idant vitamin intake (vitamin By, C and E) of middle-aged and elderly people (66.0+7.0 years, n=
21 ; 10 males and 11 females, including 5 male trained runners). Daily physical activity was mea-
sured using both a calorie counter and a questionnaire over a period of two weeks. The plasma
concentration of thiobarbituric acid reactive substance ([TBARS]) and both oxidized and reduced
glutathione concentrations ([GSSG] and [GSH]) in whole blood were determined in blood samples
obtained at rest and immediately after two periods of acute exercise : maximal cycle ergometric exer-
cise and steady state cycle exercise at 80% of ventilatory threshold (VT) for 30 minutes. At a given
statistically controlled dietary antioxidant vitamin intake level (vitamin Bz, C and E), the amount of
daily physical activity was associated with neither [TBARS], [GSH] and the ratio of [GSSG]/ [GSH]
at rest, nor changes in levels of these substances after both exercise tests. These data suggest that
the amount of daily physical activity may have little influence on oxidative stress or antioxidant
capacity at rest and after acute cycle ergometric exercise. Further investigation would be necessary
to clarify how much volume or intensity of physical activity induces increased oxidative stress, from
the aspect of habitual physical training and nutrition.

(pn. J. Phys. Fitness Sports Med. 2002, 51 : 325~336)
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Table 1. Physical characteristics of the participants in this study.

All Male Female

n= 21 10 11
Age (years) 66.0%7.0 69.3 +£8.6* 633133
Height (cm) 158917.4 165.3 +4.2** 153.0 3.7
Weight (kg) 56.6 £7.6 61.4+7.4** 523+49
Ramp exercise test
VO,peak (ml/min) 1491.0 £441.0 1797.0 £436.0** 1214.0 £199.0
VO,peak/kg (m)/min /kg) 26.1 54 29.2+5.8** 230132
Total work volume (watt-min) 840.0 £582.0 1191.0 £696.0** 520.0 =68.0
80%VT exercise test
Load (watt) 54.7+19.1 66.4 +21.7** 436 +6.4
VO, (ml/min /kg) 12.7+2.7 13.5+3.3 11.7+1.8
%VO,peak (%) 49.2+ 8.0 46.7+8.1 51475
Total work volume (watt-min) 1606.0 £567.0 1877.0+737.0* 1359.0 £120.0

All data are expressed as mean+SD. Asterisks are representing significant
differences from value of female (* : p<0.05, * ™ : p<0.01).

.05).80%VT ICBITAREMIIEUTEREIIE»- BEEFPLZVWHEEBRE LV VWHBRENEDLN
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HIZBUA1BD)0HGKEBHEOTFHIT ~73%, AGSSG/GSH/W -61~194%, 5EH BT

559.3%+195.9kcal/HTH Y, ZDOHHIZ 168.1 1#H) . ATBARS/W -15~21%, AGSH/W -46~
kcal/H ~961.8kcal/HE KELBAENRALN 55%, AGSSG/GSH/W -85~146%).
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BHO)—D 300kcal/H B2 &, FEEIC B LR BT O B (%

Table 2. Daily physical activity and dietary antioxidant vitamins intake.

Mean® maximam minimam  reference value
Daily physical activity (kcal/day) 559.3 £195.9 961.8 168.1 300.0 29
vitamin B, (mg/day) 1.8+0.7 4.0 0.9 1.0-1.21
vitamin C (mg/day) 186.9 £91.5 449.6 52.6 100.0 2
vitamin E (mg/day) 8.9+3.2 17.6 32 8.0-10.0'?

n=21, a : Data are expressed as meanxSD.
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Table 3. Oxidative stress markers and antioxidant parameter at rest and after acute
exercise.
Ramp exercise test 80%V'T exercise test
rest post exercise A rest post exercise A
TBARS (nmol/ml) 1.96 +0.27 1.91+027 -0.05+0.19 2.024+0.30 1.95+0.26 -0.07+0.18
TBARS/W (X 103 nmol/ml/watt-min) _— 298+1.26 -0.11+£0.35 —_— 1.33+0.42 -0.05+0.10
GSH (umol/l) 332.12+94.60 341.08+87.54 8.96+80.32 330.11+£100.50 330.06+115.83 -0.05+65.18
GSH/W (umol/l/watt-min) _— 0.53+0.24 0.02+0.14 —— 0.21£0.07 -0.01+0.07
GSSG (umol/l) 52.36+25.20 51.09+33.13 -1.27+26.27 63.11 £28.64 57.23+2381 -5.88+21.89
GSSG/W (X 102umol/l/watt-min) — 8.16+6.76 -0.311+4.78 D 4,18+3.38 0.47 £1.52
GSSG/GSH 0.16 +0.08 0.16 £0.12 0.00+0.11 0.21+£0.13 0.194+0.13 -0.02+0.10
GSSG/GSH/W (X 10 **/watt-min) — 2.56 +1.51 -0.11+1.95 —_— 1.58+2.11 0.02+1.21
n=21, a : Data are expressed as mean+SD. Thres was no signifidant change in value from
rest to post exercise, W : total work volume, TBARS : thiobarbituric acid reactive subst-
ance, GSH : reduced glutathione, GSSG : oxidized glutathione.
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Figure 1.  Relationships between daily physical activity and oxidative stress markers and

antioxidant parameter at rest.
A: GSSG/GSH (glutathione, ratio of oxidized and reduced), B : TBARS (thiobarbituric
acid reactive substance), C : GSH (reduced glutathione), O : healthy subject, @ :
trained runner.
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Table 4. Partial correlation coefficients among
oxidative stress markers, antioxidant parameter,
daily daily physical activity, dietary antioxidant
vitamins intake and age.

Rest
GSSG/GSH __D.P.A. vit, B, vit, C vit. E age
GSSG/GSH 1.00
D.P.A. -0.27 1.00
vit. B, -0.19 0.20 1.00
vit. C 0.24 0.13 0.26 1.00
vil. E -0.06 0.00 0.23 0.27 1.00
age 0.06 -0.04 -0.09 -0.12 -0.08 1.00
TBA D.P.A. vit, By vit. C vit. E age
TBA 1.00
D.PA. 0.04 1.00
vit. By 0.08 0.26 1.00
vit.C -0.05 0.07 0.23 1.00
vit. E -0.19 0.03 0.26 0.25 1.00
age -0.10 -0.05 -0.09 -0.11 -0.10 1.00
GSH D.P.A, vit. B, vit. C vit. E age
GSH 1.00
D.P.A. 0.31 1.00
vit. B, 0.56 * 0.04 1.00
vit. C -0.40 0.19 0.39 1.00
vit. E 0.03 0.01 0.19 0.25 1.00
_age 0.29 -0.14 -0.24 0.02 -0.09 1.00
Ramp exercise test
A GSSG/IGSHW __ D.P.A. vit. B, vit. C vit. E age
4 GSSG/GSH/W 1.00
D.PA. 0.48°0051 1 00
vit. B, 0.15 0.16 1.00
vit. C -0.01 0.07 0.22 1.00
vit. E 0.09 -0.03 0.23 0.26 1.00
_age 0.26 -0.17 -0.14 -0.10 -0.10 1.00
A TBA/W D.P.A. vit. B, vit. C vit. E age
A TBA/W 1.00
D.PA. 0.20 1.00
vit. B, -0.08 0.28 1.00
vit. C 0.23 0.02 0.24 1.00
vit. E 0.33 -0.05 0.26 0.17 1.00
age -0.38 0.03 -0.13 -0.01 0.05 1.00
AGSHW _D.PA. vit. B, vit. C vit. E ape
A GSH/W .00
D.P.A. -0.10 1.00
vit. B, -0.12 0.25 1.00
vit. C -0.05 0.07 0.22 1.00
vit. E -0.05 0.01 0.24 0.26 1.00
age 0.09 0.05 -0.09 -0.10 -0.08 1.00
80%VT execise test
AGSSG/IGSHW___D.P.A. vit. B, vit. C vit. E ape
A GSSGIGSH/W 1.00
D.P.A. -0.34 1.00
vit. By 0.23 0.32 1.00
vit. C -0.1 0.06 0.22 1.00
vit. E 0.03 0.03 0.23 0.26 1.00
_age 0.38 0.08 -0.18 -0.10 -0.09 1.00
ATBA/W __ D.PA. vit. B, vit. C vit. E age
A TBA/W 1.00
D.PA. 0.26 1.00
vit. B, 0.42 0.13 1.00
vit. C -0.50 ¢ 0.19 0.39 1.00
vit. E -0.38 0.11 0.37 0.02 1.00
_age 0.39 -0.15 -0.25 0.11 0.08 1.00
A GSH/W D.P.A. vit. B, vit. C vit. E age
A GSH/W 1.00
D.P.A. 0.64* 1.00
vit. B, -0.31 0.40 1.00
vit, C 0.17 -0.05 0.26 1.00
vit. E -0.28 0.19 0.14 0.30 1.00
_age -0.24 0.11 -0.17 -0.06 -0.14 1.00

n=21, Asterisks are representing significant dif-
ferences (* : p<0.05), A : change in value from rest
to post exercise, W : total work volume, TBARS :
thiobarbituric acid reactive substance, GSH : reduced
glutathione, GSSG : oxidized glutathione, D. P. A. : daily
physical activity, vit. : vitamin.

M#¥ TBARS iBEIZBWT, BEDHGEKIEHE L
DMICEELHBBRRED SR o7
(Figure 1-A & B). BHLBi#MEEH~—H—Th 5
M GSH iR & BE O HAEEEIREOMIC b HHE
BI{R I3RS 6Nz Ao 72 (Figure 1-C). %8, I
BRIty I VENBLEHORBY—FL LIk
EOFMEBRERICBYTHIEESRRIRD SN »
o7z (Table 4). & 5|2, L&D M+ GSSG/GSH,
M#E TBARS iBEB L UMb GSH i % TEBE
¥, BESKEHE, VMBMbLYs I VERESLE
UERA TR, W% Y I —£$HE LTEE
RO EIToIoMER, TRTCOERBRIZBITS
HE SHEEEOEELRERIBREICEEMEIZA
bz ol:.

RN FAR N L —= v 3 fFoTWahE
FEFTVF—=E, M=% To TV WHER
BLHBE LMY GSH BEXEEILE Lo 72
(PEET VF— 1 454+67 u M, n=5, FOMD
— P EEE 1 292+74 4 M, n=16, p<0.01).
F 7z, VOzpeak/kg &Il GSH iBEE L DREIZH
B IEOAHBERIEED 57z (r=0.48, n=21,
p<0.05). LA»L%dS, MEELEY s I VERL
HEFEHOXEBY—F L L RHEBERRICAEENS
3O N L o7:(r=0.11, n=21, n.s.).

2) KERES

Figure 2 ICHE DB RHEERE &L RKEBHAMN
BICBIFERENT A= —DEREOEEE
mL7:. BECMHBEBEIZO SN0,
AGSSG/GSH/W 2 BWT DO KT dH o 7.
AGSSG/GSH/W 13, BE D FEEEIRHIEE I
ZVHEBRETHVEmERL (r=0.62, n=21,
p<0.05, Figure 2-A), MEMLEY ¥ I VBEE L
FHMOEE LY —FE L L REBRBITHE E @
2o 72(r=0.48, n=21, p=0.051, Table 4).
AGSSG/GSH/W %2 (t@E$ & LA-ERIFEHHTIC
BT 5 HESEEHROEELRERIFAH LA S
A5 H G N7 (5 =0.44, n=21, p=0.07).

3) EEAMED

Figure 3 {3, HEOHHEHRE L EF A ET)
BRICBITBENT XA =5 —DER EDBFEER
LTw3. HEOSEIEERE L AGSSG/GSH/W
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332 M, ¥H, FF 8% 0RH 0%, AH
A. 08 B. 1.2 -
n=21 o n=21
06 4 1=0.62, p<0.05 2 08 4 ns.
& @)
- .
§ g ;E 04
8. =
a? SE% 0.0 Q‘O ........
89 g O O ® O
a \)_(/ < eé-0.4 b O O .
ZSJlB - (:) <:>
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Physical activity (kcal/day) Physical activity (kcal/day)
C. 04 A~
3 02 -1
§ E
g °©
< g
X,
~ 02 o
04 &4 — T T T T
100 300 500 700 900
Physical activity (kcal/day)
Figure 2  Relationships between daily physical activity and change in oxidative stress markers
and antioxidant parameter after ramp exercise test.
A : AGSSG/GSH/W, B: ATBARS/W, C: AGSH/W, O : healthy subject, @ : trained runner.
A. 0.8 1 B. 0.4 T
n=21 n=21
0.6 n.s E 02 4 n.s.
B : '
é.é 0.4 O E E O ’.
S 3 2E
SZ 02 2E 0 4O %
FCINPI 0 X N (S S B — @ £ 8
X % <
<l ch o O S .02 A © o ®
O
02 X
04 - — T T T T 04 - T T T T
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C. 02 7
n=21
1=0.74, p<0.05
- O
22 O
<
§-02 4 o
04 - T T T T
100 300 500 700 900
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Figure 3  Relationships between daily physical activity and change in oxidative stress markers

and antioxidant parameter after steady state cycle exercise at 80% of VT for 30 minutes.

The abbreviations are same as Figure 2.
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BX U ATBARS/W OMIZ—EDMFRIIFED S
N H o7 (Figure 3-A & B, Tabled). HHED
BEESEI D VHEBREICBWT, EB)fRICM
FGSHBREMNKT I A2MFEIALNL (r=
0.74, n=21, p<0.05, Figure 3-C). §EtfLY
yIVENRLEROEEr—FEL LIBFE K
HBYE & AGSH/W DORAABRBEDEERTH o 7C
(r=0.64, n=21, p<0.05 Tabled). F7-,
AGSH/W % fEBEE LI-ERFESTIZBITS
H# &G B OB ELRERIREIC S B EMD
BHoNiz(p=0.67, n=21, p<0.01).

G. MEBMLE2 I BRECEFDOBR{EX ML
z
1. BE»HLOHBILY ¥ I VEIE
HEOHBEEILY ¥ 3 ViEEA % Table 2 IR L
7o BEEEEBEHESDICLB—HHZYIO
BEYIVOLERYSEITHE, LEREET
SIZiG- L TV BEEZE ) THRWVENNV.

V. ¥ &=

SR B AREEHRAER (A 734, WA
X4, BER)ICE L HEEBHENEORZ LMY
IZonT, Mt HEV I, BHMNSREDE
HIESB L OTFFR AT AGHIC L D JlE L 7o EE
BOIINF—HBEEOMIIAE 2 IEDOHHBEBIR
HROONLZEEFHREL TS (r=0.90, n=
21, p<0.001, y=0.91x+2.19(x : &R AH X%
ey, vy BSREERESR). T/, ot
7590 L FOEmAS RO LR TWS, HE
OHEEBIIIRBRLRmR L EFIC LG E2ES
EHPHEEOBB L EbE TR, FHEITHE
1@ &I NS DBEREHOHEHIEH NI LHF
HENE, BKIFETHWRIES AR S L7z
HBEFORBIC X ) FHREB LT S0, &
B £ 22 RE R OIREY & D & v B RTEED
RS v, F 7, AKAEENIC X A B AGE
BRICOVWTIRPIETE v, Lzdo T, FEI
bR RS BAES), BEEER, B XUKPE
L, 75— b rHCWTHEEL, 208Kk
TEESRE RO EH L - B RERRE Y ME L

7o, W@ ZACAWFETRIE L aAkEERIE, BE
EFHEICBIAETOGKEHELBBURRBL
TWwhHBEEZEZILND.
FEERICBIT A HEGREERSERILR L
AN RIZTHE YR T 5 LT, BE»SOHEE
by I VEBNE, £HBLU0NIE, BESK
EBR L BMLA b L ADBRICHT A REERTF &
LTEZbND, £ THABRETIE, PUBMLY S
IVENELEROREY—FL LIBORES
HIEBE & BMEA b L ADRHEBGRHOEY, B
SUBBEA LAY L IIBALBMAE I D &L
R, BE S RESE, PBMLE s I 38
IR, FHie LT ERAERE LCERGS
MZE Y, REEAFORELRVBOHESE
FEEREBMEA P L AOBMRERET L7,
BHMEOEH L —=r r B L OB E
DRGSR X 7 ABE L EOFEBHRBRIY H
BALR P L ARED D E V) HER, BEiERR
DBELH L AL HHEAOBELA + LRI
*RITUREEEARETALDOTHAS. LILE
Mo, AFERICBVT, FEEZOHE FEIEH
L RHEBEOR{LA L A~v— % — (GSSG/GSH B
L UF TBARS) & OB IZAHBAREIR 2+ B2 L ho 72
(Figure 1-A & B, Tabled). ZOWH, EHHIZ
BAU M-V IR THIPEET v F—71T %
ATYH, —EDOHRIIBDHDON L) o7, Asami
72 b0, BRI 2 B R E S R T B SEE
119 HH. T v MFES OBLAY DNA BB L
NNVEREICTA(T PO VEHELEDOEDLRD
bhhhol) T ex#ELL. 22, &
MEOMULVER ML —= > FIZEMEA ML A %
B 505, BEMIIT) FHEBIIBEILR L X
HI SRS BRVWITEER A REL T 5b. LEED
IO LBMEBROERSFOFE MIETIEE
B LIRS VA, RIFEOHEBRED L HIZ, H
HEEY I ECEL I LA TELRERDEE
ZR, WML LTI -y 72 ERTAREE
ZOFEWHLNVOHATIE, BESEEHROS
BIEFEA b L ARBEICHE 2 RIZS 2 LIS
Shb.

MR 7 B AEBIEM L N 2 B 52
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334 M8, #HE, §F, #8K) 2H,

26,27.32) -

i, HEDOGEKREHEOSDIEH
BEZEOBALHEN I CEEYRIZTEEZ LN
A, KHFRTIE, HEOSEEBR & MF GSH
BEOMICIIHMEBERIIZED N o
(Figure 1-C, Table4) b D ®, FEHHIZ F L —
ST EFOFEET S F—IE, M-z %
ITo TV WHEERE & B L Ciins GSH BB
HEIZE»-72(p<0.01). 512, M GSH
MR RE & VOspeak/kg & D Olﬁﬁfﬁﬁ@ﬁﬁgﬁg
BAHSERD b7z (r=0.48, n=21, p<0.05).
BET VF—TOBVELHENB L UFS E
ZEOHRBEAMRES LB LRGeS DM IZ A
n7-BRE, EEEEPHRE LIRS %i
FLTWAE, LaLaAs, EEYsy I V8
BEEERHORE Y —EIZ LA I2MF GSH B
fE & VOspeak/kg DRI o 72 2 & (3,
VOspeak/kg & ) b EFEH» L DHBLE ¥ 2 V18
IR EFA M P GSH BE 1B RIZTT
MWERELTEY, HROFAMRET & EBRLDH
RENOBBRIZDOVWTIE, RERSCEBOLELE
BLIFEMLZOWPLETHL EEDNS.

B LG e b L —= o IR D D P L —
SV UBEIRELTET L SR TR,
AEFFETIE, PEEZEOHE SEERE LGB
M LD OEE LEORERIDY) —RE
LCEREILL, BLBh#EES & OB ARG L
7- (Cf. Figure 1-C). Z OEFFffliiE TIHEEIRE %
EZRBTHIEDPATHTHILLEEDNALD, &
%, WBAOY =23 TERL, SHIIETEREE
TG BRI % X510 L CBELBATRE D & BRI L AR
HTAULEXHLEEZOLNS.

FEZIIBWGEBERICMPOBRIER M LA
T H—HEEHILB BrUrL—Z
T OIRFERLEEEBOMEIZ L o T, —@BHDE
BHIATT AERLA P L AIRBICERPELH I L
PE S TWB2 | KPR P EES &R
SIZHEOGKESE ST AN ESHOBLA b
VAIZRIZT B L RET LICRAOMIETDH 5.
FOMER, HEOHEESHRIET IS VHERE
TRAEB AT %D GSSG/GSH BILEATKE W
EHmzdH - 72 (r=0.62, n=21, p<0.05, Figure

e, AEF

2-A). ¥/, BEOHEEHEIIEE LW
HERE CEHAMEBRZ IC M GSH BEET
THEBESEASL NS (r=0.74,n=21,p<0.05,
Figure 3-C). & 512, #B{LEY ¥ I V#EEE,
ﬁ#bi@ﬁ%%%ﬁbfﬁﬁ%bioﬁ@F“
FZB VT REIRROBFRAFRD S 7z (Table 4).
L Ladssh, KESGOWERSE CEBRD /YT
A= —DOEBHERONGZVI EB LU DR
PRAMD L IER/MEICE DEF SN TWET]
BEMEATEWZ LD, IO DOBRIZIET RV
LEZOND, S5, FOMDNRTA—F—D
ZAbE L BE O FAEE) & O M I HHBIBIFR 1L EED
5N o 72 (Figure 2-B & C, Figure 3-A & B,
Table 4) Z & 25, HE O FAKEEE IZ—BME
B EMEHOEEEERE KR, FEE OB LIKEE
WCHEERIZE 2 WEHEREINS,
FEEZICBIT A HE FREEE & —a%ED)
HOBELA b L ADOMIZEELZBERIEED bk
Mo ZBRE LT, REFFEEOBERE (I3 ER) P
WAL B THEEEEE A EET A DI % BRILD )
BEND b o T2, FREESCHEEETO
BAREBETR 80%VT 58 T304 M 0 EH BT
EETIHEMBMEY SR ICEAESE 5 EHAEMNT
holZiNEZLbNS,
HEISOPBLE Y I VERE*ZEBLA-L
T,¢m$%kbwéﬂ%%W6@Eﬁ&mZb
VAICKRIZTREARET LRI RO E L
T, BE ﬁ%#amiﬁ@%ﬁamrﬁ5%%ﬁ
BL ANV TIIEREA b L ZARE LR HIEES 1 BB
RIZ S WITEEEAS R SNz, SRIEEE O
) — 73T Th < BAREBOGERE L B &2 X B L 72
H#SKRIEE L BEA ML A L OBGEREHRET S
VENH B,

V. ¥ & &

AT, RECHFYEO/-BHE FMHED

]S, HiEEHFBIU—BMEESHOBLA ML X

JREIIRLTED L) B2 RIZTHIIon

1. BEDHKIEE&E &L ZHBOBILA FL A
<— 71— (GSSG/GSH, TBARS) & DMIZAH
= MBEERIIED b o 7.
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2. BEDOEKEDR L RAEBHRTERIZBITS
GSSG/GSH OZ{LE & OMIZHREIICHEE
BB AEED 5N/ (r=0.62, n=21, p<
0.05) %%, BAMELMRTld o7z, FRED 5)
BEEILROIKEER RS TBARS OELE L D
i, BEMREROh e o, 6)

3. BEOGKHFEHRE L EFANEBR OB
A b L AT—H—DEALHE (AGSSG/GSH,
ATBARS) & ORI % R IZERD b N2 7
o,

4. HEOHAGEDR L EFRMER %O GSH 8)
BEOELROMICHKETIICIEE BB
N7 (r=0.73, n=21, p<0.05) b DD,

AR BB TR R d o 7. 9)
DEDEER,»S, FEEZIIBTSBEIKE

BROMEL, LTHEEFDL L CE—aMEDROL

ROBLA b L 2B X UL HRE IS REE R 10)

IS WITREEATRIE S /.

® O

AW, HEKREAREREENEL Y 57— 11)
(TARAX % =) - TARAZ7O V27 P (K : AH
i) 7 & OIS U AL S - BHERATIRARER (R
A L) I X AFEGSAT 7udc s M) O—H
Thb. I, FoIBMCEALTIHALE R
BEARHGER AT NEBEIR IR RSB L LY 13)

12)
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