37

EHIC X SIS Cu BB R ORIMER SOD (PO K EY

mom s F-R R E B | E AT
(2002410 15H  %H)

Changes in Plasma Cu Concentration and Erythrocyte SOD Activity

due to Aerobic Bicycle Exercise

TOKUDA Shuji, MATSUBARA Eri, YAMADA Hirohisa

Abstract

The purpose of this study was to investigate the effects of transient aerobic exercise on
plasma Cu concentration and erythrocyte SOD (superoxide dismutase) activity in hu-
man male subjects. Nine male subjects performed 30 minutes of aerobic exercise on a
bicycle ergometer at a 120beats/min heart rate. Plasma Cu concentration and erythrocyte
SOD activity were measured before, immediately after, and 30 min. after the exercise.
The results were as follows : 1) Plasma Cu concentration levels found before exercise
were slightly increased immediately after exercise, and had returned to pre-exercise value
30min. after the exercise. Plasma Cu concentration in untrained subjects was slightly
higher than that of trained subjects after exercise (N.S.). 2) Erythrocyte SOD activity had
increased by 30min. after exercise. Erythrocyte SOD activity in untrained subjects had
lowered in comparison with those of trained subjects 30min. after exercise (N.S.). 3 ) There
were highly significant correlations between plasma Cu concentration and erythrocyte
SOD activity at pre-exercise values. 4) Significant change in plasma NO concentration
was not observed because of violent variations among subjects. These results indicate that
regular aerobic exercise may induce enzymatic adaptation with high SOD activity and
protect the oxidation by superoxide radicals. Therefore, supplementation of trace-element
(Cu) seems to be important for trained subjects.
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Fig3 Changes in plasma Cu concentration during 30min. bicycle ergometer
exercise

3. 7rmEk SOD SEIEDZEE)
Fig 4 \2 &M%k SOD {EHOEH 277 T o

2.6
3
AN 2.5
S
"E 2.4
P Total
S
S 2.3 Trained
Q
2.2
3 Untrained
S21}
Q
32
: 1.9
- - i
Q“ (XE£SE)
1.8 -
Pre-ex Post-ex Rec-30

Time (minute)

Figd Changes in erythrocyte SOD activity during 30min. bicycle ergometer
exercise

1E, B O % EHE
107.3+11.3 ug.7dl,

EEOEHKIZ114.9%
7.2ug/dl, EE)%30
4 T107.8%4.5ug /
dl, Untrained # 13,

E B F O L HHEL16.7
*10.1ug./dl, E&
DE#12135.7+18.8
ug ./ dl, EEH%307
T121.5+17.5 ug./dl
ThHEHERIZH
K R BBETH o720
Marmica B EN R
boXo¥ (R NS A

LHWRE DT HE
(Total) T id 7% B Al
D R #H2.19=0. 086
U/ml, EBOBERI
2.21+0.073U /m |,
i B 305> T2.35%

. 0.087U/ml & 7% 1 &

B30 TREMEICI
REL BHEBMTH o
2o Hik#E % HYGUEM
MICEB L TWwBH 5 A



42 BRBKFHEFBFERE HRBAE  $54% (2003)

(Trained #f) & HUEIZL A LEE) L%\ 4 A (Untrained Bf) 124F CR$ & Trained B2,

EENRT ORHHE2. 220, 15U /ml, EEIOEH122.23+0.120/ml, EBE%305T2.39+0.110/
ml, Untrained #13, #EEFIOLEE2.1520.06U /ml, EBEHOBE#122.19+0.07U ml, 5EE)
#3057 T2.29+0.13U/mlTH ), WFh b EBH0DICLHEL ) B A 2EHTH - 72055
EHCIIEE R ZETIE L2 > 720 7 Trained B D 525 Untrained BE L Y &5 7=,

4 . Mm% Cu iRE &FRMER SOD ;&4 & DEBE
Fig 5 \EBHT, LHEFRFOMEE Cu iR & RIMER SOD {HHEOHB %2R,
ERDOMBFREUIr=0.768, Trained #x r=0.864, Untrained #:idr=0.687C, Trained B3,
I3 Cu #EE & R Mgk SOD &M OIS E VAR RS S,

3
~
£ g
N 25}
S o]
3 (o) a
3 o) - Q
g 2 Q
<
Q
S 15} aQ
3
Q
3 7|
39 O Trained AUntrained O Total
>
€ 05 ‘
0 50 100 150

Plasma Cu concentration( # g/dl)

Figb Relation between erythrocyte SOD activity and plasma Cu concentration

5. M9 NO EBE
MHEDONOREZ, 75 AICRBAE A ADBREDIMBEIZBCTHE L 72 EEHHEIEY
T9.02uM, HEE)EEIZ8. 67 uM, EET£305T9.05 M TH - =D MEAB DO EIK X Hh o 720

IV &I

AEBR TR L7881, Fig2 253 b2 5 L9 IS0 AKAIEIF1208 SIS hTh Yy
EHIREIHERF TEX Tz, BRI, WIRE ) Trained B & Untrained B2/ SR A EOE
BB B2 OO BT SR L SO S VB ARI COE 5D XA KA Doz L E 2 BN,

MEHF D Cu t, FAMRT &8 L CHEME SN 5 7200, BFPY - BESROIRTH5MS B 20 Tk o0 FF 1
RRETHBEZRT L SbN, BRREOTH & b 7% - Twb, AT SOD I2 3 HNisD ),



FEH - R - L EENC X 5 MAE Cu MRER USRILER SOD it % 8 43

MRE \ZHFAET B CuZn-SOD & DR EMET 3 5 7-0IZRIE L7z, _

Suttle 512, EBWHIZECuEFVEEY, 7YX L LTCulk Se ’E’é—x. FEW R0
HH 0 SOD B & ' GSH-px it D ER 2B /ce ThHDZ &AL MEFD CulRED LIV
FRMEkF O SOD EHICEE T A2 LR SN S, SEOMKRIE, Trained HICKEHEICEIT 2
Mm% Cu # 5 & FRiiEk SOD itk & O EVHBBESR S v, EBOZEIZ OV TILEH R
12 SOD it iE L4352 R A O Cu B L LAKL 25 ATH - 720 MAtHICH

BhETIIRD» o7 |

ZOEBHHOME CulREOLEL, EBFORTFICLZRATMBBHIEZ 2072 L FR
bhn., SERBFIBE TN, MROBHICOVTEIRE Lo 7O THREIZIERTER
Vi, ‘
SEH %2 SOD iHMEAS EAY 5 HBIAR S 7zdS, —J Trained #I2DW TR IM4E Cu REEDET
ARSI, EBEI0FOMIIKGTOEHEE LT AEWI LA SMROBMASELTW2ELTY,
%A 5 RMERNAND Cu DY 7 b B 6 OBFEYH D5 b Lk, Cordova 5 °'id, &
BC L A Zn OFEIZOWTREL, HARO ML —= v 72 BERNICITo T 5 EEETF
BIEBR L WAL DL EHARTHE Zn LARUVHEN L2 HEL, BEHTDO Zn LNV HET
LEH LR T, REREDEDLoTLEITLERBRL TS, 5H Zn LANVOREIXL %
Mol Cul Zn ZIEHEIIH S TWVWAESODIREL LA~ HTHMODEBE T 5 LIEWIC
Bl bZEbEAON5,

Robertson 5 ($EH 4 & AES) & MIBILBEIC OV TREZSCLAVARDL GREMEL
PRERICOVWTHREL, MPORBIEREEET HI0EES) L HBRBZEOWBE T & L COHm
k¥ 3> (C, E) RLAMETE (Se) ORF»HLOBMOWHHPEETHHI L ZRKLT
W5, SOD X, Cu, Zn, Mn 2 L OWBRELLELL, ThHLRECBEHORFI LT
YAV RSB RIS SR,

EPHLHEALDO ML —= v ZIC X ) B A R OFEBALR IDERLT A P 9w, Lal,
EEREOBEVREERBOERDEV LR LOLDIILT LI —EDOHAIE SN TV RV, T0
BRRKROBTUbY HBIEWELELNAHES IV CRE, QhroEENIR, RHoRM»L
EHEN, BHERTR (HRBEMZOBRREZ L ) VALEVWEEPLORATFVEETH L Yo

Toshinai 5% 1%, MAOHFEILRIZOWTEBHRE L FHICOWVWTRE L, RBRILROEHE
IR ABEBRNED60% LOEEHE L 105 EOEBSRBOW L BLETH D EBXTWE,

Mena 5% i3, HEZEEBT7ODRFEEAD b L —= ¥ 7 TRILEKF O SOD, GSH-px, 7 ¥
5 — ¥ % EOEMARINT 5 EBA, == 7 EFIET 5 & KEBEEIEO L AVIZRS
LERBELTVS, AERBWVTS HED L EHMICEBRIEH & 17> T2 BRBEOH A —#tk
OEBIX L, HEERLZVHEREICHN, SODEEFEL 22HATHo 72 TDILITE
MBS A 525 Z EOBEERERBEL T 5,



44 RINBRFHEFMHELE BRBEE  #54% (2003)

RIENO (—Eb28FE) »EHEELBATERZED TS, NOW, L-7VF=rhbim
ENEARTAER S, FEH MRS, IERRE T2, BELLA——FF I FFY
HNERLET DR EERE OMESER SN TWwb, A% ML —= v 7 TNOARBERIGEELE
Clpo720 0, MBENEMBTONO ODERSHEKR §5ZEPH6NATED, NODHILNAT
WBBRD TOB XA HEEIC X ABEEF RN LR IN L, REBRTIESEHIZIEMP NO
IR R T3 2 1A TEB D305 HRITITLRF L NVIZH Eo Tz, FHO—EHORERKT
BF—FDIEODENREHEN L T LTV R BVA, FFITH v 7V ORILERHIE O W%
BRE LTS REEBICEVRELLERVBOND LEI TV D,

A
LT 9 NO#MKE % vy, Ldfazein e MR L T300Mo HiHEER = 1ThE, &
BOH & EHB L0305 %O M  Cu i LRIk O SOD iFY, —HoMf NO R %l E
L, FERESICH 2MBILEES LOMEREOERIC OV TRE L7z, #Eid, HEEH
Mz EB) % LT\ 5 Trained 8 & Untrained B2 SN DO THBEE O LEKRET L 1To 720 FO%
R, RO LX) Zfkwmz 2872
1) Mm% CuilFEld, EHERICEFHFEL ) DT PIIE % D EE R30I EHFHF L NVICT
A 72, Untrained # O 725 Trained # & 0 4 Cu BREESWEEA R o0z LA L, #
FHICIZA B TR R o 72
2) #HiIEH O SOD Gk, BHHEKICEBIL R, EFHRIODTIWRTLEMTH - 7o
Z OfEMIE, Trained # b Untrained # 4 U THh -7z, 72, Untrained # D75 %* Trained
B & 0 RiMER o SOD IR W 2SR Hh 7z HETRA B & h - 72,
3) HEHOMEF CoiBE & RIMERF SOD EHHOMIZEHWHBEBEREALR, L) bIT
Trained BEIZBWTE» - 72,
4) —# (4 N) oMmiETHE L/ NOBEIX, EBpHRIKTL, 300%ICHEML724°SD 2%k
EL{BMABOENIKRE P72
P EoED»s, HEEHMICHREEH*ERL T2 L —atIEE % L TH AMEESITHID
LB LBEEOB SIS L D ESBEORBEAHMTEL I 2sb0 HMSINL, 72, 5T
FEfbEEZ B WEAMBITETH S Cu, Zn, Mn R ELEBIC L D DR R BT REIRIE S
h, BFECH TR IO LERPH LD DEEZONS,

SEM

1) K¥HEH, KABHE, REM -, KBEHTF (1995) @ AK—=v 70— VAN HHIEORFEHT 52
~57



. 2)
3)
4)
5)
6)
7)
8)
9)

10)

11)

12)

13)

14)
15)

16)

17)

S - RAE - I EB)C X 2 4E Cu iR OARINZK SOD PN EE) 45

KEFHE, BRENET, RA = (1998) © HHERLES HHEk

KMEE (1990) @ EVEME LK LERA

#EEE, LEEA, B R7% (2002) @ EHIC X 5 mdiEE &R T GSH-px EHHEOESH)
BRBRFHEFMHALRLE 53, 45~52

s, AN, ANEEZ (2000)  EEAA—S—F XL FTRALY—F (SOD) & @R g E L
RITTHE BRAR-VESE 1700, 1372~1376 '
Kretzschmar M and Muller D (1993) : Aging, Training and Exercise A Review of Effects on
Plasma Glutathione and Lipid Peroxides. Sports Medicine 15@), 196~209

ERE, FAML, MBRERT, AWREE (1990) : Stk ESHRARAT » b 1§75 K O AR D @ R AL
R & 4 SOD it RIZTHE  RABIE 76, 43~51

Suttle NF, Jones DG, Woolliams C and Woolliams JA (1987) : Heins body anaemia in lambs
with deficiencies of copper or selenium. Br J Nutr 58(@3), 539~548

Cordova A and Alvarez-Mon M (1995) : Behaviour of zinc in physical exercise: A special
reference to immunity and fatigue. Neuroscience and Biobehavioral Reviews 19(3) ,439~445
Robertson JD, Maughan RJ, Duthie GG and Morrice PC (1991) : Increased blood antioxidant
systems of runners in response to training load. Clinical Science 80, 611~618

Evelo CTA. Palmen NGM, Artur Y and Janssen (1992) : Changes in blood glutathione
concentration, and in erythrocyte glutathione reductase and glutathione S-transferase activity
after running training and after participation in contests. Eur J Appl Physiol 64, 354~358
Ohno H, Yahata T, Sato Y, Yamamura K and Taniguchi N (1988) : Physical training and
fasting erythrocyte activities of free radical scavenging enzyme system in sedentary men Eur J
Appl Physiol 57, 173~176

Mena P, Maynar M, Gutierrez JM, Maynar J, Timon J and Campill JE (1991) : Erythrocyte
free radical scavenger enzymes in bicycle professional racers. Adaptation to training. Int J
Sports Med 12(6), 563~566

Jan Karlsson (1994) : Antioxidants and Exercise. Human Kinetics

Toshinai K, Ohno H, Bae SY, Iwashita T, Koseki S and Haga S (1998) : Effect of different
intensity and duration of exercise with the same total oxygen uptake on lipid peroxidation and
antioxidant enzyme levels in human plasma. Adv Exerc Sports Physiol 4 (2), 65~70

Sun D, Huang A, Koller A, et al (1994) : Short term daily activity enhances endothelial NO
synthesis in skeletal muscle arterioles of rats. J Appl Physiol 76, 2241~2247

Jungerstein L, Ambring A, Wall B, et al (1997) : Both physical fitness and acute exercise
regulate nitric oxide formation in healthy humans. J Appl Physiol 82, 760~764



