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Abstract

High-intensity exercise may induce active oxygen free radicals higher. Fish oil, which is one of the ®-3 PUFA series
that can decrease TG and influence plasma lipids, appears to prevent arteriosclerosis and CHD, but some evidence describe
it increases the lipid peroxidation in the cell. Fish oil would then seem to influence the antioxidant defense system that causes
damage or disease. This study investigates the effects on the antioxidant defence system of combining high-intensity exercise
with fish oil supplementation. Methods: Thirty-three healthy males were randomly assigned into four groups (20.3%1.4 yrs;
64.3+7.9 kg), which were given set combinations of dietary fish oil (9 g per day), exercise (intensity 85-90 % HRmax reserve),
and placebos. The experiment lasted 4 weeks in total. Venous samples were obtained prior to exercise and within 5 min
after. 4 venous samples were also taken from fish oil groups during the four-week period. Blood from all groups was analyzed
for sesuperoxide dismutase (SOD), glutathione peroxidase (GSH-Px), total glutathione (T-GSH), total antioxidant ability (TAA),
malodialdehyde (MDA). A Generalized Estimating Equations (G.E.E.) method was used for data analysis. Results: In the fish
oil groups SOD activity significantly increased 11.27 kU/g-HB(P<.05) and decrease in GSH-Px levels, which did not appear
in the exercise groups. However, the statistical evidence is not sufficient to draw solid conclusions in this area. Following
exercise in the fish oil group, t-GSH increased significantly (36.61Ug/ml [34.2%] [P<.05]). MDA increased significantly after
exercise in both exercise-alone and exercise/fish oil groups (+0.12 and +0.27 mmole/ml [P<.05] respectively). Conclusions: exercise
and fish oil separately causes an increase in oxidative stress, and this increase is greater 35.5% when they are combined.

Key words: High-intensity exercise, Fish oil, Oxidative stress

W O

BB SR A A2 - AR TG X LDL- MAEE ARy - AR R ERK B E Rtk - Bl E S Z oA
RERTRR AR B i BB B A S IS R A R B » T REEE R AR - ABTAEZEAY « GREHIR N S SRR E
B QUL £ R > FERLE M &4 BA MR BIRAALE (R AEEE) B B R 0 B RS - BFFERA 33 R
BRERIISR L ERANE - KTPERT S R4l EEAL - Sl EAA LRI - DT R ER) - Al > 20| DU AR R
AWM 5 EEF T 2L FResB i FBERRPAG © Sl AL H IR Al oA SERHEINAE - EEATRIM MRS - 75 TAA
(total antioxidant ability) * SOD(superoxide dismutase) > t-GSH(total glutathione) © GSH-Px(glutathione peroxidase) > MDA(malondialdehyde)
SR o FTEERHT A E A5 (generalized estimating equations > G.E.E.)7MT & REE I 2 2 REEN: » &R0
VOB BRI > DAL A SR M A WIS o T BURES) - MR > SO BRI RA R - SR
BT © AL SOD MR IRINEEZ 11,27 kU/gHB (P <05) - 2R MAIHE SOD AEEEYE - HE) - SIlmEE TAA - GSH-

Px WARKES o SLEWE « SInASE A2 GSH 2 I EIZ X 36.61(34.2%) % 37.03Ug/ml (P <.05) o BREAAUES
S35 B MDA BHEERE AN 0.12 2 0.27 nmol/ml (P <.05) #b > A2 MDA IESYABHEMN (P <.05) £ 35.5% & : Hai—

YIE SR ) N AR T fa DO > AR R R AL ST - BURE R AL B & ¢ A R R A BBt > B
GEmE -

B - WOVED) - M RICHEGE




BRESRNE_H

Journal of Physical Education & Recreation (Hong Kong) Vol.9 No.2

CON T}
— BEER

W 1982 £ LIS > RHEER W IET i gk & 0 h
# (free radicals) MIEL 5 2RI EEIT E a3 G ham
SR B - BATAEE A RS » 212
fb > DMV - BRI - i - SRR R K
ARG AP B (Halliwell > 1994 5 Ji » 1993) © 5
IEYHES K R SE R EEEE) (85% VOum L) RS
B [R5 A0 5 5 (e (Oostenbrug F A »
1997 5 Sen A > 1995 Sen %A+ 199%4) o

falh (fish oils) B o -3 ZIUAMEAIENTR (omega-3
polyunsaturated fatty acid » PUFA) &3 ; #FREZ ZBE
B FIERS SR 5 ERERTAOBRS - BUR SR
GHMBEARN > BAEHNFEAE—ER > ANERAZE
R IR - RRARIOE » IR BRIB VEO AN - (Ui
—HILR (NO) B MR - SLRIER « WD 0=
BRSSO U 2R B RO B2 (Nestel > 2000 5 Connor %
A 1997) o

PUFA ZAERANEE MG — > @Ay A &

St (lipid peroxidation) BL5 - BEFANMLLERE - S hniBEay
BER BN E R L > IERMEERSET (Sjodin
EN > 1990 5 Maughan%F A > 1998) o iAok BLA W% 1M 75
=RHMARIREE - BN B - 8D il BREES
RGN > HER BB e s E N LB E - 25
FEHHEBME (chain reaction) BEAEEARILIEEE
(oxidative damage) > WRAEZBBUIIAIRE o KL > S
falh SR IR - mRE S 5 T BRI MR E > 25T
RN AN > SRR Z 2 QUL ) » A4 INBEER - (8
THE— e o (E ORI BEEE S HATHBI T 2 ReHH Al
([P Rl TR DT b P i K [ T R
B R B S E B A A RS E s BRI
EUEBIFIR A HEENELGEREEZTRIAZ
HARMEES - FF7ER P MRS - A DB MR
o SenFA (1997) WIS » 54 S0 PUFA A% G 85
AGLOMAE R IESR - ARG BT A (ER - B
HBHERESWALET) - EEEETLMALREE
I RT RERRE R BRI A RO MU 2 TR > BRI -

S A E APUFAZ — 1k » HE O AR A —
HEl MAYEHERS - JREAANE > 5130 RSA
fb o BIPARTEEG 5 SOARDE SR E RS g E S 5 | L PR
Jr R s BT A AR 2 R R A R AR
WRTZEULIES) > WREAFFEMBIR ; TS ERIE
fEBIRHAR > GEIATRGEILES T > ERseE R A E hIE

AIRES R AR -

=~ WrEHM

ABTTER A - R B E ) R i
B LRHIRESEER) > Rl BB N2 2R 5 R
BERMARAA > BRI RS BA A -

= Btk

(—) BAVES : TR ATHEERYT - RMHHEXE
= B9 BN B 5 B AR R A S
85 ~90 HRR (percent of heart rate reserve °

% HRR)  HEER AR -

(Z) fihsw TR ESHREEERELE AW AN
(2.28 A5 EPA © 29.0% ; 0.85 A5 DHA : 14.9% o 3t
3A3AT) o RREM A -

(=) W= (malondialdehyde > MDA) : MDA ZIEMH4A
BORANIRAEE - 5IB0B R IRE R EY > hEE
ZRMMGERE  TEBANTERE ZREAIY -
ARBFFE MDA B 245 i & 4% R TBARS 5 I ki
JEHTIE > AR 532 nm BIEBEERE o

(14) B ML BETT (total antioxidant ability » TAA) : %
TR ELIIRE )  RUABER SEIE R HE - FLI
¥ > FIH Randoxit# (Lab-Led > %BIR) > f F Cobas
Mira BB HTEARH (KU : Cobas Mira 4% © Plus -
W t#) > B p mol /L o

() AR TR (superoxide dismutase » SOD) : f#
WEE SOD BE) o SOD AETE Bl A8 82 A2 Al A B R B
BEF BHE (superoxide anion; On-) - [RFEANM %%
GE s RAIHAEES A0 RN A e - B
TS > FIA Randox s > /% Cobas Mira FE)4:
fe bt HrAg WAL Bk A SOD (B4 £ - B4 kU/
mg-HB °

(73) total glutathione » t-GSH A& : AERAE HH A
fEST - BT R D RTAILRE IR - APFRIRIRRER
B) 1% (enzyme kinetic method) JF3E » A&
JEEEREE (fluorescence spectrophotometer) HIE M £
F{EF 220 + 77 » B p g/ml o

(-£) glutperoxidase > pl-GPx @ AR RHLIE AN 5 HE -
pl-GPx ZAF AL ~ JFIR ~ R AR e KA E - BA(GE
AR EER DNARE ~ M4 ESER A RREE
Ea B AR E AR > DRedoxatM > (RIMOLE
H TR (Cobas Mira Plus) > MR 4050m 2
WAE - B £y ng/mkL °



Journal of Physical Education & Recreation (Hong Kong) Vol.9 No.2

| ®

RERNB=H

(V) MFLEblood lactate)s i : HEB (i FHITFEE 2 AEIR - IRAE
A EBTRE TR A  OR B e N AT R
BEOENRE - DAME FRARMHE (Lactate
ProTM LT-1710 » HAE) HIfE -

i~ Bk ER
— >~ JLHiprsE

BEERHOMEVER) R » BRHEICRTRIG o i
B > BB E R SR B R R AR BB
2R 2 — o BERKE U R EE B - SR
BB K FLAR T4 10 mM/L DAL - B OBERA 205 180
WoL L EEHERRTNEIU L FRCEMIED
FIRAE o (RAEEHRAR > )R EAMERAZZ 85~ 90%
HRR  (percent of heart rate reserve s %HRR) o &cH
BTER ) 2 R S S ) > AR A DT R K -

SN
EEENE R B 33 > FIETRITTER IS ; 4

003+ 145 BE172.6 £588%  BEM3ETIAT
BUREli17.6 £ 3.9% °

SN

(—) ABFRRZE Wt - vl - EH M AR
TR B4 )2 B3 VA R Y R BOE B R o S
B =M R S 4 8 5 B B ARRERE > HEDK
PER T AR ORFF— B AR R B A IEH R R TS
F BIFU R

() AR e B e T 40 H DA
P4 B - f - E LRI -

M~ EBRTE SR

BRI « EE AT SRR > e TR
2 B RG> B AR AR B AL (E o SO LB
B e R 0 E OBk W RN SE A8 VOB B SR T
DAT WRIEEA TR AVEBY IR E o TR Tl E HE N R TR
HORIBRAZ o BFJ% AR BLEB) SRR S S e — Sl — -
RRAL AR —RFB > PR REE » LI AMOES) -
— /NS E BRI o BB —HR I S e 48 > B

KBEEIRM 30 EAMBE (8o > TRMAMME R
o HEFBOFEFE o Mg LEDT - & TAA ~ SOD » t-
GSH  p-GPx * MDA% » HZ At HitER B2
RO

A 4

B EREEER
15min 15min 3~5min
0 0 00 0 0 0 0 >
5min 2. 3. ‘|‘
T JHhIm
EERSET © 1. (200mx3 5 4KE 3min)
2. (150mx3 ; K&, 3min) -
W= EBEERERR

o1



BREERNE_H

Journal of Physical EFducation & Recreation (Hong Kong) Vol.9 No.2

EIRNE iy £

ISRt BT 15 2 A UG R o RIESH MR
(generalized estimating equations,G.E.E.) 2M7 » & 41K
RIRREB AR < 2 SE N BB KR fE 0 =05 -
& &R
DIFALBER 2B : TAA ~ SOD K pl-GPx Z ik
(=) ALMZkH SOD Z &%

#— HAZ SOD FEH2 WEM T EAS i ER

95%
28 MEHE PR FEEM zE p#

# ® o 074 076 -0.75 2.23  0.98
o 1127 196 7.44 15.11 5.76

0.3293
0.0001*

*p <.05

RSB A 0 2 2 065 2 4L IE SOD
A AN 11,27 kU/mg-HB (B4 5 RE s A
11.8%) £ZREFE (p<05) ; EEHBIEHARA 0.74 KU/
mg-HB » MR H R 2 AT o fI BUEB)% TAA B pl-
GPx ZIEPEMEMEA WL » M REER Z BHEN -
DA E A : +-GSH 2R
(—) t-GSH 2k

R BHLZ +-GSH REZBREM B4R TR

95%

2% fhEtE BEER FEEM ZH PE

# #0042  0.12 -7.65 8.49  0.10
o 36.61 8.23 20.37 52.84 4.49

0.9179
0.0001*

*p <.05

R HPEIURA Ol - BRI ~GSH B B AL
BN 36.61 ug/ml (15.9%) EREEE (p<05) ; EHHFR
FETH IR 042 ug/ml o ZHEB + il “BHFEFEAA
HOH BRI +37.03 ug/ml AR > B RAL B %
(p<.05) 5 BRI GSH {51432 2 S A 1 it B 80 ] i
AR BAMEUER) AR S B L -

= SULBFERAG : MDA JRE

R= HHZ MDA REZEEMHRAMERBHER

95%
2% fhEHE BEER FEEM 2z PH

OB 012 006 0.00 0.23 2.02 0.0436*
B 027 006 0.38 0.15 4.52  0.0001*

*p <.05

REHUR > B A B SR A R BOMIDA AR
BHF AL 0,12 nmol/ml (BFAFERN 105%) » BEF
WG A R AINEIREZ 097 nmol/ml (25.5%) ERIE
(p <.05) -

= mprs B

IWTEURARI SR » RESCHAER » MR » B
AAFHEEA MR - R0 AT 5 > SRS+ i A A2
TS - B4 «GSH X MDA BB (p <05) - Hp2
BB 25 87.08 ug/ml % 0.39 nmol/ml (57 36%) o %
A EEA BN B A - BB

AR 5 A 2 R A O R P h

Mk
ISR A TAA SOD pl-GPx t-GSH MDA
SE *1
i3l %1 . I o
B *T %1
Ee ]
% p<.05

S R ETERE o 2 B T R P
WO FREAS OE > HIHBAEE - | %
s | R WD o

B aham ey
—~ il
(=) KBAVED B Hi ALY
Sen (1995) BMEBFDT - RERA MACERIN AR BB
(RIREFVAICR - H5 B AL 5 5 BT 00 K 0 2 fe e A

RFEHRIG > WEEAN - ASCHISHEES)T %2 Al
Ve - SRR F R LR R 2 3t > W4



Journal of Physical Education & Recreation (Hong Kong) Vol.9 No.2

HF TAA ~ SOD ~ +-GSH * pl-GPx *» MDA %L ¥ E Bl
A2 IEMEIRE  DARRT AR L B o SBTTEHR
PER Y M S E ) » B AL R IR AR R CE B Al
TEE 5 5.9 + 0.8 AR /B EEEMAR T/ 126 £
9.6mM/L + DBEFE 5 179.6 + 26.0 K /4> > RPR T4 7
0+ 9.7 » BEHEMER AR EREHE KRR - FARE
% HEKBIRZ AT B E IR -

FEMBAAC (AR AL TR0 > B AUE S SUTIR MDA &
HDL-C 4RI B0 10.5% ~ 4.8% » LDL-C BE®RD
(p<.05) ; 21 -GSH AIZE it B A W B A B E R
(p<.05)  HA¥E TAA + SOD ~ plGPxFRHAZHE - B
REYCEB) & R AL B > TR SRS
Ehei > B A SHOHAL RS - DRREIEER  WARB L -
A AR T S o EE R — R - FRR R AR R
2T AHEAEES AR > MR G HE > U
TR o ok REES AR (Sen FEA > 2000 5 Alessio
4\ 2000 5 EEEEA > 2000) o EE KAL) 2 K -
T A ) 58 R WLBRAE R L (Alessio 58N > 1988a 5
1988h) A B BB R KRE R R 70% A EREBY R
B BRGA K BERE A ) 3L > KBS O MEh 58 BEF- 2 R 85-00
O HHR - I BT 2 B 5 R DA P WLGE SRR K+ B
MR ESE o BUE UOER FARK o AR EER BB T E
B4 M4E SOD B A % (BHEH% A > 1994)  Jenkins
N (1984) WFFEEEBIA RRISAE - MIBRABAZ SOD T
PR g - HUEIL ARG R 2 s o b RELA S SOD
NZIER B RAR 2 225 > WA Al A AR
(R SRE AT 2 BB M B K/ » WA S AR S > B GER
BEH > SRIMBERIRO AR > IR T REA A SR o UL = RIE
AT > ASURDIA 8 (MDA) HUBTERE © Sen % A(2000)
DIABEEERIT S  EHEE) S | SR (L A a - HEECAT
o B 4T MR R AL RERY glutathione » BLABFFE A 5 Sen %
BB YR E ) - 2 U R 4 glutathione AT BURR
FERON » 255 v iR B B A R A R B AR AR R )
BAR o AlessioZF A (2000) H#E7 Rll 58 U K55 IR EE A R 08
YoE B B R R - BTG E AR AR
s Al - EREAIL - BRELRINER ; FRE
B R RE e > M) A FER RS - ERERIER
s > BuR —RARSRES) . BeEtalE)) . HE
M B A B AL BB 5 I BT R AL E FR R ELA
BIEAR > [HAEI & — 0 -

AU LR T H% A (2000) FIBFSE B » & HE)
HUR  AEEAAINL > MET SCR DA R SCE BT S
FIF s 56 L MDA B AN - HAka#insoD » CAT » pl-
GPx IEMEEE RS . GSH Bt & B WBEEEYD - (R
F I o ATFEME B Ak B IBERBIE « Alessio and Goldfarb
(1988a) BLANSRAYHAEBITL » BEBL ok BERLARAY T Syl - v
WSS OB AT E R AR R RLE A T

A AT MDA ~ i (catatlase » CAT)X SOD - /4 TENEE
AR SR BlIs A AL R iR M 64 BN R IR E
HAIAEREE : SODRIATZ HIR S EE) St /13l e
i s S RRAL R S A PR SRR 1 WU B AL
] B 86 R R P T T AR A IR A [
TR R AL A B © BB SCHOE > AR AT
RACIEISR > IR B — YO E) HAR B S LR BRI ARIR -
WA o7 £ R EL R IR - (E AR A R B A —
NiessZEA (1996) INABLINBITRAE R - BEE B M A e
S FUCGEIBIEEB R MDA ¥4 BN - R HI%;
HOE T WIE MDA SR 5 15 708 2B I AE 1) MDA
A B EE AR ZRAGE  FIL - BFRER R > REE
BRI 1 e AR S BRI IR -

ST 45 A — 302 Jimenez %A (2000) HOBFSE -
HEBLDRREEE BEE > B A A TR A
FRE - el A RUGORED AR AR MK EREA
F 5 WBPRBASCER RER 1) ERE ILORBERE A
[l o 2) FALZIIR » AEML 205 o 3) EEEGURR ;
Y o 5 1 3 T R R ) SR B ) 2 2 R

E7MF A (2000) DR B - R REREES A
1k AR R R LIRS R E
R LER R B A R BR - LA RS E RN bE
BRI A R E o B IR AR DT )
AREEEAR AR > MEMBHAYEBR AR TR
Ao ECPIES R ERHER RS & DIRIEE S
150 A4 - BLACHRZE L) 3 B T o B i 20 2 35440 8 180
WERER > HEBRRINE N 5 FIBR IR E 8 E L A5 R AR
A ERET A E R E LR AR EILIRR o
BB > AN B RN B S B R AT R R
LS > MTREESARE LG E - B EEsThigR
b~ HUREARAR b AOSA ~ WLAARIE LA B R R - R X
BRREEBS ; EREMILAGFEB0E P AL MR E
AR RERE A A E A R —RUE A A B BRBTRE R
G2 s MElF] REIR ] REET B B W 4IRS G ARG ARG
T aMIAZHRE  BAET =2 MR _Figi R
WHEE > KIS AME TMRERE A —ENEE -

(Z) B AR E

R SCRFHEMA B 7R AN 338 > fIIA EPA ELDHA B
FE] BRI IR LB (Flaten 25N 0 1990) 5 A0
R IE A TR oA e AERE b AT >
PV - BB R TG B LDL-C IR/ A B 12.8%
B47%2% (p<.05) » HDL-C R AMEEER ; TG LDL-
C AR R fadh > WA RSE © -3 PUFA M4 BRI ARRL -
Procte i H A E B 2 ~ 3 5 > IFB TG MA B
ERIK (Harris - 1989) 5 AR @ HlBE » TG
SRR > Al A AR S 3as 2 — » A B AoE - BRGED



Journal of Physical Education & Recreation (Hong Kong) Vol.9 No.2

ABPFE DR St 2 B R R S (R C I
S SR AR o BRSO (1999) AR
B CEMERTHE  BEAMAZ TG EEIFHEEK
10% » BUARBFF NG E 5 T Harris (1989) LIABE B @4
il B R 0 e T A R (R I TG YRR 95 ~ 30 %2 ZH0
BHREERY A  AEEDIOBTSE > M7 Rassead A (1997) &
Salachas A (1994) o (Ef5 FA A0 A B S SO BB O %
i BAEEIISUME G TG BEMEA 21.1% » 2 fajh i
EERBAA > WAGHACEENZE » BIREMRYE > TR
HMEERRE  BRURNEDIGES s En
BE > COATERIISRTRIHEN - 2 EgoEsRiL:
R o ARG ERIE MDA TS » A fh4 S R4 %5
(MR > BB 0.27 nmol/ml B 34.2% 2% (p<.05) - H
WY =08 "] RRA Al > BT e (e i
& R BT RERNE IR A 418k PUFA 280 1 i B o iy 31
%o HRFEAEN X BERNEZ > NS EZME0.39
nmol/ml B 85.8% o

PR > AWML SOD » -GSH EE L5
(p<.05) > BN 11.8%52 15.9% > MR F 2 h H e » B 5%
b BB RTERA B B B R D RR > ATREE B E
BRI AL 3R 5 > Ok M AL SOD B
t-GSH - FEREMEEELZRA > UBEAHEENR
B WERACRSEHNR - B8 BRRET AL
ABREEL > LB IR > TS B AR B L o LA
JSy > SEETAE R OB EUL R BE B 5 FELER MDA 7R3 faifh 57
L ERARRE - WEREHNSURTIEY S (Sen
A 1997 5 Thiery% A > 1987 5 MehtaZE A » 1994 ; BRUES> -
1999 ; B3 > 1999) o HeAIH Higdon % A(2000)8F 72 174544
MR R Sl - AR BB B AR AR 5 T T RERY
ZBA > TR Tl E T ~ YRR - IV ATREIR Y
W AER - Higdon MBI MR B 3.4 458 / K » AL
ABFMEM 9 AT - BAKD ; HEADIFRZL MDA WAS
LEEREE - HRR LT LDL AR LR 1B =7 o
Atalay 5\ (2000) BFFE 2 B, » BEBfa it (R ATREAR A A - GSH
R - (BN RIS TR CAT ~ pl-GPx + GSH # 4
> BEBUABTRAE RS - (HEULBED R - BIEARE
1oL M LA R R ER R m R R B 2 H5 R
[f o

Al B SCE (1999) WFFCEEE B Al fa I & {2 6 SOD
EPEER > BISCIBTRSZ UL - R R RE 142
FIOTE 5 MBI A IR MDA - SRR = TR Y
AR o RIE (1999) BAEE (1999) DIMIFIIE > B4 H
TRMAMAT » FR08 K » BIFERT & BRmE B
TSR - 84 LDL W41 8L VERRIE B IR W TBARS 4= 1
B BURHE A i A R B R
MEBLAR P ITER 2 PSRN o [RGB e e 2l 1 £t Y
AR - BRI RAR ORI > A BATERE - AT

BUE VAT » R RIE BB IET R 5 BB iR
ﬁﬁ%ﬁﬁ%mﬁ%k%%m@@ﬁé(Mwamomm>o

(2) RimEDE AR

AL B FU AR U A 1 o B R A 2 B M
MDA BB 25.5% 2 % (p<.05) 5 TN FEE) & [
A IR B EREZE36.0%  MIMBEREHE - AT
FUBTEE BB o fE b 3 A R 3 48 1 30 B A o 0 1R
SOD ~ t-GSH B 11.8% % 15.9% (p<.05) - Bk
EFRA E H ARSI R & > IR RTHEVE AT S e e 1
SEINRR A ALy 5 TR RER T BB B > -GSHIR
HEE MR (p<.05) &AL LRGESE » 7T DA% Bl B8 4t
ALY Fec I P BB R O S G (R G B AL B >
MEFRFMA > RGBSR RS BRI REIRRE
ZHEBBT] o Atalay A (2000) BIBFFE » BEH A MPATAT
AL A - GSHIREE » (HAME S B LELATBRCAT ~ pl-GPx ~
GSHEFSRHENE 5 T BLYCRE B B 02 A M- GSHIR B WA > 19
BB A RAR  BARBITH s f 4 R B BB 4 s
WAVEST ALY AT £t BB 5 5 SR LR AR

PR Sen %\ (1997) DA RBFFL /B S BUE B /)
A BRI ERRE E R L E > BEEE i E g3
%o G RN 5 (53 fo i B Bh 1 2 [ R A 00T D2 A
L o (B R ERE AR LR SO (1999) BFF% BE 3 B A fa i B
e SOD 16 M 5 > SAHIFE— B LA fa i 1 o 1
WEBCK o MEMETRIREAA > WA AR » 4E
i (LR A ORI - 2 BLAICIR A B SR I B ) R [ e > 25k
AR SRR RERT > BRI R RIS
FHVEB R - R DS EARE = PR 018 B S s
E 5 REOR > ERAC R R R EB R HED
HBREAKFEARE S5 %l b AL JE Sy 0 B b e 7%
(Oostenbrug 5 A » 1997 5 Sen A » 1995 5 Sen% A » 1994 ;
ReM - 1998) o WHFFEAHE MDA » MUAERM T IEE L
BEERE

S T

PARILIB A A > BARBR YR S VA ) B AR
PRt » S AR B I > RN AR L
MBI R HOTBUR » JOYBRE B st -

WERC - ASORAE R BT TESE R e BAC: 5 1 EimgE
NSC 90-2413-H-008- 001



BRERNE_H

Journal of Physical Education & Recrealion (Hong Kong) Vol.9 No.2

ﬁ%xﬁ

TEREN - BHE - WRE - BB - (2000 - OfkZs
R Bk ) B AL AL AL RE I Nat » K*-ATP
BERTEWHE o FEENEEEE FREA Ei L
[E4 > %5 2 88 > 707-708

wEBM -~ RE - MREISH - ZE - MRFER - BHHH -
(1999) * CoR B IR R AL . K E
&A1 (1),29-87 ©

IR o (1999) o MHEA IR TSI (A8l
LI fEHEE 2 B2 o BN B TR KB K B E T
R RERZBE LR - 2EE > il -

W - B - RS BE o (1994) o SHEEHM
SR AU A R R (0 8RB BRI HBRR -
B EB EE R > 13(3) > 129-182 o

EAE S W E S SR TRE - REEME o (2000) o

VT R S EEHIE A TR o

BN 2 B R A i A B o 2 > 715-
716 ©

BH o (1999) o Ml RS a A A L L
%ﬁ%m%goﬂiéﬁ%ﬁﬁ%%ﬁﬁﬁﬁn%vﬁ
WIRZ LM - BEE - At -

AMEE > S SCHE o (1999) o fih BLE DR R A0 2 -
B BT SRy ARG SE 0 NSC88-2413-H-003-
026 o

Alessio, H. M., & Goldfarb, A. H.(1988a). Lipid peroxidation
and scavenger enzymes during exercise: adaptive respons.
Journal of Applied Physiology, 64(4), 1333-1336.

Alessio, H. M., Goldfarb, A. H., & Gulter, R. G.(1988b).
MDA content increases in fast- and slow-twitch skeletal
muscle with intensity of exercise in a rat. American Journal
of Physiology, 255, C874-C871.

Alessio, H. M., Hagerman, A. E., Fulkerson, B. K., Ambrose,
J., Rice, R. E., & Wiley, R. L.(2000). Generation of
reactive oxygen species after exhaustive aerobic and
isometric exercise. Medicine and Science in Sports and
Exercise, 32(9), 1576-158]1.

Atalay, M., D. E. Laaksonen, S, Khanna, E. Kaliste-Kannenen,
& Sen, C. K. (2000). Vitamin E regulates changes in
tissue antioxidants induced by fish oil and acute exercise.
Medicine and Science in Sports and Exercise, 32, 601-
607.

Connor, S. L., & Connor, W. E. (1997). Are fish oils beneficial
in the prevention and treatment of coronary artery disease?
American Journal of Clinical Nutrition, 66(4), 1020S-
1030S.

Flaten, H. H., Kierulf, A. T., Lystad, P. E., Trygg, K., &
Bjerkedal, T. (1990). Fish-oil concentrate: effects on
variables related to cardiovascular disease. American
Journal of Clinical Nutrition. 52(2):300-6.

Halliwell, B. (1994). Free radicals, antioxidants, and human
disease: Curiosity, cause, or consequence? Lancet, 344,
721-724.

Harris, W. S. (1989). Fish oil and plasma lipid and lipoprotein
metabolism in humans: A critical review. Journal of Lipid
Research, 30, 785-807.

Harris, W. S., Silveira, S., & Dujovne, C. A. (1990). The
combined effects of n-3 fatty acids and aspirin on hemostatic
parameters in man. Thrombectomy Research, 57, 517-
526.

Higdon, J. V., Liu, J. Morrow, J. D., Ames, B. N., & Wander,
R. C. (2000). Supplementation of postmenopausal women
with fish oil rich in eicosapentaenoic acid and
docosahexaenoic acid is not associated with greater in
vivo lipid peroxidation compared with oils rich in oleate
and linoleate as assessed by plasma malondialdehyde and
F(2)-isoprostanes. American Journal of Clinical Nutrition,
72(3), 714-722.

Jenkins, R. R., Friedland, R., & Howald, H. (1984), The
relationship of oxygen uptake to superoxide dismutase
and catalase activity in human muscle. Sports Medicine,
5(1), 11-14.

Ji, L. L. (1993). Antioxidant enzyme response to exercise
and aging. Medicine and Science in Sports and Exercise,
25(2), 225-231.

O



EREHRNE_H

Journal of Physical Education & Recreation (Hong Kong) Vol.9 No.2

Jimenez, L., Lefevre, G., Richard, R., Duvallet, A., & Rieu,
M. (2000). Exercise does not induce oxidative stress in
trained heart transplant recipients. Medicine and Science
in Sports and Exercise, 32(12), 2018-2023.

Maughan, K. I., Donnelly, A. E., Gleeson, M., Whiting, P.
H., Walker, K. A., & Clough, P. J. (1998). Delayed-
onset muscle damage and lipid peroxidation in man after
a downhill run. Muscle and Nerve, 12(4), 332-336.

Mehta, R.S., Gunnett, C.A., Harris, S.R., Bunce, O.R., & Hartle,
D.K. (1994).High fish oil diet increases oxidative stress
potential in mammary gland of spontaneously hypertensive
rats. Clinical & Experimental Pharmacology & Physiology,
21(11),881-889.

Meydani, D. V. (2001). Omega-3 fatty acids alter soluble

markers of endothelial function in coronary heart disease
patients. Nutrition Reviews, 59(2), 56-59.

Meydani, M., Evans, W. J., & Handelman, G.(1993). Protective
effect of vitaman E on endrance-induced oxidative damage
in young and lider adults. American Journal of Physiology,
264, R992-998.

Nestel, P. J. (2000). Fish oil and cardiovascular disease: lipids
and arterial function. American Journal of Clinical Nutrition,
71(1), 2285-2318.

Niess, A. N., Hartmann, A., Grunert-Fuch, M., Poch, B., &
Speit, G. (1996). DNA damage after exercise exhaustive
treadmill running in trained and untrained men. International
Journal of Sport Medicine, 17, 397-403.

Oostenbrug, G. S., Mensink, R. P., Hardeman, M. De Vries,
R. T., Brouns, F., & Hornstra, G. (1997). Exercise
performance, red blood cell deformability, and lipid
peroxidation: effects of fish oil and vitamin E. Journal
of American Physiology, 83(3), 746-752.

Raastad, T., Hstmark, A. T., & Strmme, S. B. (1997). Omega-
3 fatty acid supplementation does not improve maximal

aerobic power, anaerobic threshold and running performance

in well-trained soccer players. Scandinavian Journal of

Medicine and Science in Sports, 7, 25-31.

Salachas, A., Papadopoulos, C., Sakadamis, G., Styliadis, J.,
Voudris, V., Oakley, D., & Saynor, R. (1994). Effect
of a low-dose fish oil concentrate on angina, exercise
tolerance time, serum triglycerides, and platelet function. .
Angiology, 45(12), 1024-1031.

Sen, Chandan. K., & Packer, L. (2000). Thiol homeostasis
and supplements in physical exercise. American Journal
of Clinical Nutrition, 72(2 Suppl.), 653s-669s.

Sen, C. K., Atalay, M., Agren, J., Laaksonen, D. E., Sashwati,
R., & Osmo, H. (1997). Fish oil and vitamin E supplementation
in oxidative stress at rest and after physical exercise.
Journal of Applied Physiological Society, 83(1), 189-
195,

Sen, C. K., Atalay, M., & Hanninen, O. (1994). Exercise-
induced oxidative stress: glutathione supplementation and
deficiency. Journal of Applied Physiology, 77(5), 2177-
2187.

Sen, C. K.(1995). Oxidants and antioxidants in exercise. Journal
of Applied Physiology, 79(3), 675-686.

Sjodin, B., Westing, Y. H., & Apple, F. S.(1990). Biochemical
mechanisms for oxygen free radical formation during
exercise. Sports Medicine, 10(4), 236-254.

Thiery, J., & Seidekl, D.(1987). Fish oil feeding results in
enhancement of cholesterol-induced atherosclerosis in
rabbits. Atherosclerosis, 63, 53-56.

Sl L :

/€3

BEB M EGEPET P KB 300 3 (E5E320)

B R B R =

CRRGEH - yauoouay@cc.ncu.edu. tw

B A 0 886-3-4262251~ 7259 (WFAZE)
886-3-4267128 (HFAE)
886-3-4917673(F5 %)/0933148971 (17%))

A 886-3-4262251





