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Alteration in Response to Chemicals Induced by Physical Exercise
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ABSTRACT : Acute or repeated physical exercise affects a large number of physiological parameters
including hemodynamics, respiration, pH, temperature, gastrointestinal functions and biotransformation,
which determine the pharmacokinetics of drugs and chemicals. The rate and the amount of a chemical
reaching the active site are altered by physical exercise, which results in significant changes in pharmaco-
logical/toxicological activity of the chemical. This aspect of physical exercise has vast implications in thera-
peutics and in safety evaluation, particularly for chemicals that have a low margin of safety. However,
there appears to be a wide inter- and intraindividual variations in the effects of physical exercise depend-
ing on the duration, intensity and type of exercise, and also on the properties of each chemical. It is sug-
gested that more studies need to be done to determine which factor(s) plays a major role in the disposition
of chernicals in human/animals performing physical exercise. Certain chemicals induce severe toxicity due
to metabolic conversion to reactive intermediate metabolites. It is suggested that repeated exercise may
enhance the free radical scavenging system by increasing the activity of antioxidant enzymes. This area of
research remains to be explored to elucidate the interaction of exercise and chemicals on the antioxidant
system.

Key Words : Physical exercise, Pharmacokinetics, Risk assessment, Antioxidant system, Reactive oxy-
gen species (ROS)
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FURT S5

AL el QdFRE FA L 2 A3 ofFeldt Zlel IEEnh et ook FEA] ZEA Qe
speha el gk AL WS WIS =3 $A FEE AR e AT Aelrt AEE 5

oxidative stress = 2] EA Y A FE3pgol 7H o] TS Flole "%‘7‘“1‘5%: 53] AlgHH e},
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obge] BHRSeIMe] FisEel v AL e HEa}
T, w3 STARANY JAtS Fa) AATE BerE
o) glahdsgrba) Teisolof S QlAEN A5
Aol fste] TAshTA Tt

II. EFFECT OF PHYSICAL EXERCISE ON
PHARMACOKINETICS OF XENOBIOTICS

FEAA e FA = vhEA e SAEE 33
EA9) o5l Adg Jake viAYh $A5e] 3
A F4, BX, dA}, wiidel] = ofskd] A=
oFE9] 7ol vl o] dAFEe| St SAT= A
hee) vted, S8 9 Ax, 4 22029 YFaF,
ol x2] 9l 10 pH ¢} temperature, urinary flow 5=
W37, A o] X 2= oFEe] 4, BX, tiAl,
viAde] AehA ol A ofsks v)Ale. aeivt 2 A= $A
+59] A= AE77 whet AolsiA viehdH, $-%
of eutel m=olE A Ee] UL, 7, HEY| A9
W3} 5, 259 S AP olsshe AS EBatst
A =k

SA25 23 9] Wl o o] =R
AR, T4, SR s e FEe
diffusions 53 A FE T3l A EA40] dts] =
< =39 diffusionr w5 4143122 blood flow?} ¢FE
79 SxxAdAr f9. =AY $AH 52 A
9] S fPEsi, o)A FEEAE] £lVAE &
7 A1Z1et. wleA] diffusionel] ©$iA] FElE oFEe] A
At B2 935 diffusion rate S AHSA 74 ), =3t
oFE0] A|¥Po)| mpet A4 FE] 3t FHE S
Al FPLEES AF5A|7IcKBallard, 1974).

A 5L E AFRF] AFE F gastric
emptying time, gut motility, intestinal blood flow 52| ¢
] 712 A EE HEAFIY $A4]-&5- =7 maximum
oxygen uptake(VO,max)®] 70%% &7} ol gastric emp-
tying = A3} ZHA2gH(Brouns et al., 1987). WEbA
A3 §A-52 FEY AT FHE JAISE A
22 ¥} g Cordain F(1986) $571] o) 2x)
5 ARFHA S AEAT )= Ao Basio) A
TFod oFE-S splanchic blood flows %3 &=},
$-4]-52 splanchic blood flow & -$-573%0) we}
9 80%7HA] ZFAA|Z1TH(Rowell, 1974; Clausen, 1977).
wlebr] A2 ATelA perfusion-rate limited ab-
sorptions Holi= ¢FEe] F4E A9AZ Ao Ho}
AAZ SAEFo] FEFT T 9 FME= o
292 %= AL B 7548 quinidine,
salicylate, sulfadimidine®] dFF =+ vl F& 7txe]

S50l o8l 3L ] sk (Aslaken and Aanderud,
1980), Ylitalo $(1977)2) =Fo|M:  sulfamethizole,
tetracycline, doxycycline®] ¥F5=r S5 94
238 Z7)slgde}. =38 Jogestrand®} Andersson(1989)2
digoxin®] 55T A[AAEA Fo= S35l ¢
3 2143] AA53laS Budldeh. s Adam 5(1999)
< 77 F4€ pentoxifylline®] F5=E FA Al
Hlsl] g5l AAA A3S A AR
ARE AAE Y. 22y ] HFeEe FrE
oMt AAREE AL ofn Fxol dalujae] g4
A& 2 o o3 dTAAE T4 HIEgl
A3 ol oElgo] mEd

38} (sc), TH(im), T I (td) FAEH Fre 23
2] blood flowol] ZA| I3FS =t} SAFEL active
tissuese 212 blood flows= E7FA171H inactive tissuesl| A
= Z‘]?‘ﬂ"‘]zl‘#(Rowell, 1974). M=) 2 573521 insulin
2 A AEA 3] 58S T3 | oA A&
A Al dFeEs Rl vlE Fiol TS
geh(Kemmer et al., 1978; Fenqvist et al., 1986). 181}
insuline] -£-5°] FH=A] b= Ao FAENES HE=
insulin®] Fgxel A1 5ol o Y¥g= FA %
HKemmer et al., 1978; Koivisto and Felig, 1978). &
SA 5] Fabel FollA 55 atropine & HFFF
X AREslg]om(Mundie er al., 1988), ©] A= o=
ol atropine FAFELA 44)-%S ¥}l Kamimori
5(1990)2] Azkel Yx)ghet. 1 9] TEFAKE 2 oF
B2 Aol 52 muscle blood flows} oFE2] H=
FEE S7HFe] HBaE 9l (Cadomiga et al., 1974;
Somani et al., 1990).

3perEAe] Ay FeE J49] &5, hydration state, 71
2]3L blood flowell &3] J8S ®WH=r}(Kligman, 1983).
AGg SA+-5 I5 &5 A5AIY, =3 5
o &3} Whalke ¥ 2] hydration A EE o] B2 59
diffusionl] &gt F5E S7HI7IA HH, = 71 =
2] blood flows k22| perfusion & AASAIZITH AA =
Barkve 5(1986)2 patch §-3¢] ¥Wbo 3 Hu|Foig
glyceryl trinitrate(GTN)®] T FFEE 2 7tE9] &
A5l o) Muf7kA], = YAPFeTE TR S
7FHE B sl Gjesdal S5(1991)- patch® F3%
GTN®] Fr&Es 579 =% A3 F71s
WEsle] e AAAE ARSI

FEolut HErEAS AUEEL o] EAle] 22029
5, AT T, oFEAd e F47 x4
Ahif ot 2y AR A3 5o Rl o8] A
o} 8425 4495+ hemodynamics® ¢ W3}, &,
gAaFze] AR TR g B AR 4




32 F7HFIE 2 A3 o] £ AW AEEE =
Aok =7 §H-5 98] F¥HE hepatic blood
flows] Ash= 49 &9 first-pass effectd ZHAA]T7]
= 395 2 Ao g Rl o3 oEe ¥R
chilfo|u} 22 AgE oJFE o

AL SA LT Ao 2N E R S 2
o}, $RL gl o 2 AAEE Alo] Qe ® active tissued
AREEE7Tl 28l "] R3] 7118 = &
= A EA 12N wlel H 3 15% A =2 FA volume
9] Zav) dojd & e AR RIHIH(Costill,
1977). 2L A3 4D T2t F7RPe wetr o4E
o] gkl zte] AL Wt = AH3 52> ¥y
2] pHell W33 7723 (Gollnick et al., 1986). pH A3}
7} SR Al F o3k GEI Ao A
o &3} AR 8 s A 2¥st
o] wEbA] ofAbA oFEw e BAle] GRmlae] ks
&gt} (Bowdle et al., 1982; Monks and Richens, 1979;
Patel and Levy, 1979). €452 x|k =&
Z7}A 7] (Hagenfeldt, 1979; Verstappen and Van Baak,
1987), webA] AR ok dRlke] Ags AT
Al Ao}, =3 AR AT F9E2] Wil 2E3)
2 SA$5ol sl ASE AL oFET e Al
of gfE FA "ot =3 A5l 28 = ¥
Az} ofE-e] Ajpysie) niarix| 2 A ERe] A
o= Wz} dold Zog 7= &3] pH W=
ofAbd ot oFd7IA ] o3t ARE ZAAI=E
o] oFEe] AT Fhol S FA .

SA-8-5-2 2FE9] volume of distribution(Vdyg ¥ 3}A|
et SA2-52 <FollAl F=® atropine sulfate(Mundie
et al., 1988t 743t AYAES HA2E T4 the-
ophylline(Schaeffer et al., 1984)3} antipyrine(Theilade et
al,, 1979)2] VA& FaAIZ Y v A 737t 24 o2 &
593}2] calcium antagonistq] verapamile|*} propranolol
2] Vde= i3S EeolA] 93k (Mooy et al., 1986; Arends
et al, 1986), = HTAS2 propranolol, acetutolol,
oxprenolol, verapamil®] VFH=r} FAM ASHES
R 5l v (Henry et al., 1981; Hurwitz et al., 1983;
Powis and Snow, 1978; Van Baak et al., 1990). A3
of &g vd 74 7|14 A gort o5 =2
2] X receptor siteZ FEJQ] falof 7]l Ho=E
Hloh

3 SA 5 1% 5 AL 2P oOF
of dizle B vl ek f71gAl] s QAR
Acetylcholinesterase(AChE)®] induced reactivatord] prali-
doxime2 $A|25°] Y vd’l 2751 (Swartz and
Sidell, 1973), ¥-5& 3l 23] cardiac glycoside digoxin
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9] FE = A3lH At (Jogestrand and Sundqvist, 1981;
Joreteg and Jogestrand, 1984). F2}k2] 73-$-oll= &5l <

& Na/K-ATPase®] high-affinity state®.2] Hgto] 7]H L

2 AAF Joreteg and Jogestrand, 1983; Lullman
and Peters, 1979; Lullman et al., 1979).

A5 FYeE Jdshe A A SAS
HEAA F Sl 583 wav) g9 52 25
FF MY =3 39" 23] AWEES ¥
Al R BA B4 S§Agel A8l SUHEE
A 53] 20| Zfel wol d7He] o dHo
Stokinger 5-(1956)> 7FH-E 55 Fo3t YEA F
AlAte)e] FEolA Fallgt 1 ppme] 2Fo] XPHY ¢
WS HFsG e, FARRE Ay AFFEoh A
5 dAeE AN AlYelr RaEick(Delucia and
Adams, 1977; Adams et al., 1981; McDonnell et al.,
1983; Adams and Schlegele, 1983; Superko et al., 1984;
Mautz et al., 1988).

Ak]4- 8ol ol 3uel 5o sl A7t A
AARNA FHENE A 2R o] FHatEde] AA
W t)A}E]] 7|18} carboxyhemoglobin(COHb)®| &%
FEE F ¥R FUIAFHDiVincenzo and Kaplan,
1981). 221} rotating cageS o]-83le] 7182 &5
S FHA YEL gl oldsete] FeEst
COHb leveld 2R} ton 7Aads w3l Frls)
AcH(Carlson and Kim, 1986). FA2] A¥eAE= COHb
o} ol ete] AF e FUTEF SAHY s
FA2-5l o) Fdd 22 Sk 4 A= R
ZF W3] o]F wElel Aol e AL FAHHNUH.

SA-EE o) FEEe e Fa, B2l W
Blof] w2 549 wshe olgsbiuta Ak AAE 7
A AMdsieiae] Afele #AFUS. Kim? Kim
(1991} radiolabel® At 3jEtAE HEA 4L 530
FoJ3)}3L rotating cagedllM ZFEAHQ %58 6A7F B4
Fa5t Axt FAF sorbitol dehydrogenase(SDH), alanine
aminotransferase(ALT), aspartate aminotransferase(AST)
5o EAARAL 5T gAY 3pagE X
et o] DTN E 25l s AldssiaelA fest
radioactivity?} A2 e Aglslht I)F-2A A
Frhsldenz AAES SATE o] Ald-gie] AW
Fx o} MiAdS HMsAA SAEE ATIE AR o
il

R N E2A TR P B2 A S B 2
< E3) 33ER9) AL biliary excretory clearancett
hepatic metabolic clearanceZ- 7 3Iv}. Hepatic extraction
ratioc’} ¥ B clearance= & Fefol| o|EIhY

extraction ratio”} A2 E3&9| hepatic' clearancet= 7} A}
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%A, biliary transport, hepatocyte22] diffusion, plasma
protein bindingel] &3] AA Tt AAZ SA &5 5
7=l u}2} indocyanine green clearnace® A {2 74
g ZF RS AP A3 2 (Rowell, 1974), o
2t 2+ faF #381E- £3) blood flow dependencyE X
ol A9 WA S A Aoz Held o)9} 7
2 FAL caffeine(Kamimori et al.,, 1987), indocyanine
green(Swartz et al., 1974), pralidoxime(Swatrz and Sidell,
1973), riboflavin(Belko, 1987), procainamide(Ylitalo and
Hinkka, 1985), testosterone(Cadoux-Hudson, 1985), the-
ophylline(Schlaeffer et al., 1984), propranolol(Arends et
al., 1986), lidocaine(Sweeny, 1981) 52| flow-limited
clearanceZ Hol& 25 A= g A7l 23|
A7) 31 91

Capacity-limited clearanceE Mol B32] 7% ¥
ol 28t 7k 5-9] 3= plasma protein®ZHE &
9] extractions E-&% 02 doju}A 3P total extraction
ratio?] A5S fr=siet =3 FEAREA L wid o)
ol ©J3) total extraction ratior= 57} ZH =2 7|djEc)
Capacity-limited dependencys ¥-0]& 2F&-2] elimination
of #Asl AAE ATETe = "% AlgtA | Dia-
zepam®] clearance™= $A-3-5°l <&l F7}3l9 2 (Klotz
and Lucke, 1978), Gugler®} von Unruh(1980)% valproic
acid®| elimination £33l 23] W3E A o= A2
2 Raslgich, 28 Al el de=r-g B3] WE
3 AES EF3E AL oEY Ealth

Extraction ratiool] °33FS T <Ak} R}E bile flow
5 718 7 U "R W3l bile flows} 23]
o] e A= B9l Ork(Reed ef al., 1982), TF
T A7 7MY A -F2 bile flowd] WIE 4
kel 7o 2 Fasldth(Ardies et al., 1994; Simko and
Kelley, 1979). Bile flow: ZF el vlsiA =l o
B2 $FEI o8 frdEE Aol dA ARAHA &
S Ao= ¥l Bile flows 53 GEude = &
Fate] ks E] M w2 A7 3
ofoF & Rz Helch,

W oF2e] FHlAd7 24 renal clearance= A1742] ¥
FFa)  extraction ratiod]] 2]E3} renal extractions
glomerular filtration rate(GFR), tubular secretion, ~12]31
tubular reabsorptionell 2jsl AA €, A5 A3
HFH GFRE 575l 2&EH 22 247} 50%2} 30%
7}A] A &}AZIck(Swartz and Sidell, 1973; Poortmans,
1977; Ghione et al., 1987). WA FE-2] filtration rate
= 5o 98l A3 w7 E renal extraction
ratio”} 3 oFEe] AL EET o3l A
o}, AR 2 SAFE tetracycline®} doxycycline®] 414+

W] A& AAIsPH (Ylitalo et al., 1977), dimercapturic suc-
cinic acid®] AlAelA2] uptakeS FFAA|7]E= o2 B
H%cHGhione et al., 1987). o] 735 SA$5ol 49t
H AR T #2874 Zleg Held

GFRE- AR Fake] Wsiidl = vjd A FA
He AR BusT glck(Joles et al.,, 1985). 52 Al
TA 9 £3& 2N PohdeH(Knochel et al, 1974;
Cornacoff et al., 1985; Lichtig et al., 1987) GFR® #
3}AlZIT}(Castenfos, 1977; Ylitalo and Hinkka, 1985;
Sadowski et al., 1981). = A3} renal clearancer™ &5 &
Shol) Slal i 2 Ao 2gn,

w2 FE9 739 tubular reabsortion passive pro-
cess®|th. Reabsorption= 2}E-2] polarity, ionization A3,
%= urine flowel] 2|&3c}. 28] pHE: -5l &3 7H43)
B2 (Ylitalo et al., 1977), A F29] AF5= 718}
I G718 2 Aol s Ho 5= A
A|2] hydration Aellel] &]E351= urine flowe] 7} whe}
nonpolar unionized <F&2] reabsorption= 7}A3c},

Diffusion® &0 o]&3hc}. aebr] 5o o8 ¢

= A 2245-2(Gisolfi and Wenger, 1984) F22] renal
excretion?} AAF diffusion processsS AF5AZ Aoz
oAl A=t ool I3 AFAIE oFF AAH vl gt
w3} plasma protein binding®= <FE9] filtration rate2}
low renal extration ratios 7} ¢F29| secretions 3}
AR 9 AR Hald

FA 52 ANERS R ST vels Y
TS S/ 282 E 35S B3l widE & ql
= =39 clearanced 71470t} A& &3 widel -5
29} vjA= dEs AlYE AR v =R
Boel 5-(1984)2 aminopyrine®] lung clearance?} %713}
= AL Busiglen, =3 SA &Sl 28 Ak S
fuflel trichloroethylene®} dichloromethane®] wjAle] &
7F=(Monster et al., 1976; Carlson and Kim, 1986) ©]2]
& BB A2k ol

U ool HALEL Effol} HE o] wiAdE
Pt AT Bl Jo| 2%, pH, INF 55
3HAI7]H (Costill, 1977), o]&l3t M3R= o] A2E 53t v
Aol W32 e 4= gloh. AAE Fukomoto S(1988)
< +8A MiAEE F FolA sodiumt chloride®] %7}
$} urea nitrogen, creatinine®] 745 ¥ syl w3k A
2S5 A% FF2AS R Tk v WeFg S
7he 955 5o 4 ole B AYuidde] 93ks F
4 2ok Kim¥F Kim(1991)2 radiolabel® Apd3et4-2]
AW disposition o B]X= SA|-LF AE HPES o)
Ay Agaeon] ol 3 o 24LE of &
w9 FErt "AEA A Harsledoh

A~
&=
kil




III. ALTERATION IN BIOTRANSFORMATION
OF XENOBIOTICS BY PHYSICALEXERCISE

opgo] AieialEnl WE 2 7 B E-L polarity
} inoization®= AHEE F71skt. wlebA plasmadt
tissue protein?}®] bindingo|v} X|H}ZEA W] &8 744
8t Z+E membrane FHEE A 3}Ec). hE] ofFE
o) A Akl = substrate specificity”} ¥4 $+-2 enzyme
system?] mixed function oxygenases”} $oddl] o] FA
A ZHERE opet A, m ) Al H 5o XA g
2] E¥3lc} o] AL reduced nicotinamide adenine
dinucleotide phosphate(NADPH)$} molecular oxygens
o= o} webr 7helA9] oxygen availability: 52
o] AAERAE S8 el R A
molecular oxygen®] 352 AgkslA = wlelr] Ay
ARl o33kS- FA| "t FEEo] o] enzyme system
o 23] At S5 FA AolE Beld) o] At
A+ electron transport chaing E33sPy AHAukS-2] rate-
limiting step< heme-containing proteing! cytochorme P-
450(CYP) ¢ &Adolc}. CYPE= 18719 gene family® -
A =] 9]l2m(Gonzalez, 1992), g, 3R, AbEA),
A EA 5o odAEAL] ATl #jAlZe) JFke
Tl o] B9 7152 ABRMINRS-E B3l 84
=42] lipid solubilitys HA2A7]¥7} polar formo 2 Tk
=01 A2 folaA wiAAA = sl FHE HEA]T
4l vt =3F steroids, prostaglandins, biogenic amines,
fatty acids 5 o4& WAAHEZE o] EAAdl o3 oAl
¥} (Nebert and Gonzalez, 1987). o] % 4L 747} o}
CYP familyell 2J3f SAl=™, atebr] &g HA7)E=
Z¥e] T8 2+ CYP family W9] isozyme2] A3} ool
s AART(Yang et al., 1990). ¢]5 CYP isozyme2)
%kt specific activity: o2} Q.¢ldl] o&) Wald 4= qi)

Aol F3t §A-85<l 28] spironolactone} anti-
pyrine®] A= $71He] ¥ =g v Boel et al., 1984).
=3t g7iE7 FoE S35 98 maximal oxygen
consumption®} aminopyrine ¥ antipyrine®} WAR= £7}
=9icK(Shand et al, 1976). °] A= §H$FL CYP
OB datEAd e WstE Bl oETAlel e 2 4
UeS Ak ey AA7EA] BarEl S 8-Fo of
EHAbY = dgdol] HAFt ATES FkE SH-F9
717}, 5%, 50 5, AEE 55, A Sl o
g} Aolst AE Bl

Day®} Weiner(1991)= 853} treadmill runningg -3
gt 34 Fischer FEe| A cytochrome P-450 level®} mi-
crosomes®] aniline hydroxylation % p-nitroanisole de-
methylation &4 o] 3}d 7 oE B 1=gr} o] FE
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A} 22]¥ hepatocytesell M AFd Fhebio] EA12- &8} g]
LB2 ARAEE 2 7[HE FEYALEATAY A8l
AAsrATE. k2N AR 2] A 8= Ramos 5(1990)°l] 2
M= R} Treadmill trainingS 5338+ P EolA]
cytochrome P-450, p-nitroanisole N-demethylation &A1,
UDP-glucuronyl transferase®] #4S s}yl 4495
< Phase I3} Phase II B+ B5FE QAsely *Al52
AEL AAsEeh. 28Y Kims}t Kim(1992)2 rotating
cageol| M 9528 AZAA physical fitnesss =3+ =}
/d SD HEeA CYP contents$} aminopyrine N-demethy-
lase B> S7H5Il.0m gk Abd shekael] o3t 7HEA]
< A ASAIA A AxET AhitEle Z9E 3
2o}, w7 AR Yiamouyiannis 5-(1990Y2 running
wheel& o|-83e] M2 &A-&5& F3 YE
Ay Z¥52F, styrene oxide hydroxylase 4, glutathione-S-
transferase 84, UDP-glucuronyl transferase 2] £7}
£ WAzl T8I o3 7] QddEAS] AL
o] Frheivtar Harslgdd.

& Day 5(1992)> S35 F7HPY S 2 swimming
3} running® 7247 AR AYPelAM  treadmill AR
cytochrome P-4502] 745 ¥l or} swimmingZollAE=
271319329 2 swimming exercise= E3}-0] H&8 E3
stressH EHE 8318 B3l FEHALEA S WA vk
AES AABIA Bl R Ardies 5(1994)2 swimming
exercise®} ollghg Fei7} CYP EAlol F4= <J3ke AY
8}o] swimming exercise:= of|ek2-l] 2]t CYP2E1 &4l2]
inductiondl] AF52Ql F71E 71* 21} swimming exercise
AA 2 o] HAe| HAe o w2 d5E B
&gt} = Michaud $(1994) 1157 34 SD Y E
oAl 84258 FI3LL cytochrome P-450, theophylline
2 antipyrine HAHEAAE A3 A3} FoJAdE 2ol S
s Bl e §Al-9-5°] cytochrome P-4508k3}
CYPIA, 2B 4ol J3ke 4] vk Bisgc). 3
H Piatkowski 5(1993)%] A&l e A5 -ol
*] renal cytochrome P-450 3tgfo] t)Fol| vl #Ax3}
A F7¥sksict.

Ho} Ao 2 A58 F93}e] physical fitness
T =S W FEUAFEEE AR ke
7422 Helt} Boel $(1984)2 22 AUAFE-2 thALe
2 VY == ol¥7HY] 58 FA819E 9 VO,max,
antipyrine, aminopyrine AP} 25 7138 B uslgl e
o, Vesell(1984)2] A7<llM %= A7|H <l 258 AAE ]
AALENA breath test® 4131992 @) aminopyrine®]
disappearance’= AAFQlel| vl #xsA ZFr)slgde). u}
TR xF7)2] AAelA]l A& SA 55 Al
932 ®l oxidative metabolism®] markerZ. AF&-8} antipyrine
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o] AANAE Z715ke] 2T Mauriz 5-(2000)] ©]s] B
RIACE/ Lo )

ZAEH o2 A5 °] cytochrome P-450 & =
Apl] F= o8k ceofslA| W=y o|jdlt xjo| 7} fiE
o= AM-ETER] £, A, 5Hh, 717, A, AR
SFEUAFSES] AR 59| xlol9} {3 Hlew ¥l
FAAQ 250 Fohd o FE Aol ehbes ws= 7H
AR of] w]R] o gko] elol = 2Fa 2] A3}, binding
2] Wizl ofs] B3Pl J3S Eldt. A KA
T WA ASAIT] AR FA =Y ZF cytochrome
P-450 isozyme leveld} specificityoll 5= 38kl Fshr=
F5 A} AEAH 22 pIYE|o]o} g Flo|t

IV. EFFECT OF PHYSICAL EXERCISE ON
OXIDATIVE STRESS INDUCED BY
CHEMICALS

o yre] et Aeahedde 1 Bl d5%F
ol o3} & 3R] dFEEr o] 22 ¥,
FEZ, A}, v Y] Ao wet AR "G 2ed, sk
Ao) 243 G55 A YRS AL ope. oA
o 3ehEde] AW Fog = 2454121 interaction
o] A& HF el vzl AL o =3 ¥4
A9} FHel e, A3k Alele] wHEle 3shEal
of A zhgtdel JE FA "ok FAH oA A
49 SAEES ks AARE WERIH =3
A ] Aztshy W3lE FHksc) o] A A oxidative
injury® P A QYA B viAE S
T Gl sl AR ,

A el FA el FE Ak YR AA e
] superoxide anion, singlet oxygen, hydroxyl radicals,
hydroperoxides, peroxy radicals 52} 2H3AA%F(reactive
oxygen species; ROS)CE A3kgc) o] ROSE mito-
chondrial electron transport, <2172 oxygen-utilizing
enzyme systems, aerobic metabolism3} d¥% peroxisomes
oJu} 7]e} ¥k, = lipid peroxidation ¥FS- 58] FAFEZE.
AAHA}, o] ROSE= AW antioxidant systemel] &Jal] #A
3] AAEFA o MEFAETS] interactions} lipid
peroxidations E3 A FEL£AS oF7]3). ROSE mem-
brane lipidsell lipid peroxidation¥} enzyme protein
DNA2}] reaction® %3l cytotoxicity S 43k}, Al
antioxidant system<- superoxide dismutase(SOD), catalase,
glutathione peroxidase, %= glutathione reductase®} Z-2
enzyme system3} glutathione(GSH), vitamin E, vitamin C
5o JAEAR o]FoiAlr}. 53] GSHZ ROSZHH
AE Y A H o) F549] 9L 33l (Ravindranath

and Reed, 1990). ©] antioxidant system-> AN ZE =
Aeo]] £EFo]glomn] 7} Z=]oj|A 2] antioxidant enzymes
2] BAL Ak E, HAKSSE, metal ions?} fatty acids
2] &4 5ol 93 33S ¥}, Antioxidant system®
A& Akiawm)e] Wislel ohel WFE™, antioxidant
system®] free radicals?} ROSE HA3| A|AsA] 3l
lipid peroxidation chain reactionsS Pd3}A] %3
oxidative stress7} F4E ), ] oxidative stresst= A3t
£%, 4% oxidant & 231 3}shEAl, AWl Sl
o3 HAY g}

SAF A Anim|aRe 20ui7EA] A,
@2 oF2] ROSY} free radicalsS WAA| 714 Hck(Davies
et al., 1982; Sjodin et al., 1990). &5 93 ==
antioxidant enzymes®] A2} W3l= 7 223} = AE
Y fractiond 2 Arol3t A= delx Qlvt. SA|-2-F0]
antioxidant systemel] = 33k FE N, 7 AA, &
5, 55 WAL E ATEe] 3o, 1 99 Ao of
M 2AME Zlo] gl AN FE, IR LEE
A, FoF 59 e Al o3 A 3Ee]
free radicals?} ROSE AAIsHA] A} reactive inter-
mediate metabolites® Ao F2AJEH Asluz
EA7Fel| ZAL Ui ol & 3ErEA o] SA18-5
Halel &7 Fod= w 5 &I} antioxidant systemS-
A3 A gAY 5A4E 3R 7IAHY 2 ROS
WAL ERl5le] RMEASY] FAE AASAI Aol &
EEeME 489 =x AE5H SAEFe] antioxidant
systemel] = G383} hAPRS<) )3 oxidative stressE
frdehs 39 2Hgel $SEAr} v|A okl diE)
234} g

7+ 7V %2 antioxidant system®] I SHALELE
A& sl 71gold. = Zhe A EA L AtiA}
o $5H¢l & 3 o] WA YAEE free
radicals?} ROSE- antioxidant systemrs E3l 8314 A
Az}, SA12-5ol 23 7Hll A9 antioxidnt system®] &
33} malondialdehyde®] ¥ 3ol FaiMe HY AFAE
o] ¥ 118} v} Qi) Ax|FollAl Fatgl FAA oA vkE-
<l $A4¢5> SOD & F7MIFLH (Lew et al,
1985; Ji, 1993; Ji et al., 1988; Ji and Fu, 1992), catalase
o] A% ZFrlsigdch(Kanter er al, 1985; Ji et al,
1988). 12jv} FECNA FHH FA ol HEEA-Eo)
SOD &4} catalase BAdol| 3 74 gt 23]
7A2A7) A= B 319 v}t lvk(Laughlin et al., 1990; Ji
et al., 1988). o|¢} -2 Ado|dt A= A= 4 7|7,
EAA)7] 52] Holo] 7]l ALR Held) W gh-
tathione peroxidase ¢ TAJ-2 1% =TolA 72 49
glo] Z7}= %o (Salminen and Vihko, 1983; Ji and Fu,



1992; Ji et al., 1992; Sen et al., 1992; Kanter et al.,
1985; Ji, 1993; Lang et al., 1987). "F37}A 2 7ke] GSH
e FAA-NAY AL A5l o8 AR
ZHadi(Lew et al., 1985; Ji and Fu, 1992; Lang et al.,
1987; Sen et al., 1994; Pyke et al., 1986; Yoon and Kim,
1994). Lipid peroxidation®] *]%¢! malondialdehyde®] ¥
ol daiMe iR A7k A5l d A%
< B3I 2 (i et al., 1988; Ji and Fu, 1992; Lew et
al., 1985; Sen et al., 1994), Yoon £(1997)2 343 &
ol ¥t5 Y ES 712 malondialdehyde 5ol ¥
35 fABA X3

SAEAL] AW Al FH2 HdEg a3
E 7k AN 3] thAlAFol electrophilic met-
abolites®} superoxides, 18] free radicalsS AJAIA]ZIT).

2 amine, nitro, iminium, quinone #J7)EL I3l

EA-2 electrophilic intermediateS 2433} macromole-
cule} covalent bindingS flsl2E THA7)6 SA-&
dogFlt} % cytochrome P-450 reductasee]] £)8+ tiApulk
43} superoxides®} free radicalse] AARTHOrtiz de
Montellano, 1986). ¢ 3}EE4-L low oxygen tension
3lo A= one electron reductiong 7|7 (DeGroot and
Noll, 1983), o]ull AAI= reactive metabolites= molecular
oxygen?} ¥h&-3td superoxidesE- A3 3H}. = superoxides
£ SOD H¥h&<ll 2]8} hydrogen peroxided 433} o]
o] ferrous atom EA|5lol] hydroxyl radicals? hydroxyl
iomrg *MAYSLIL, hydroxyl radicals™ lipid peroxidation
doH MEe| FAL FL3} Hydrogen peroxide:
catalase®} glutathione peroxidaseel] 2]8l] E3ll=]o] singlet
oxygens} B-& AAsH o} $A1&52 Sl st
ule} ko] SOD, catalase, glutathione peroxidase, X glu-
tathione reductase 58] o) °33kg- Fr}. wlelr] A
Ak Sl ROS9} free radicalss AJsHs 3ehE
Ae] AR kS v]A AeR Helr

d#|7] Stokinger 5(1956)> 5 FH3t HEoA
7] 5ol S W75 HEAQ oxidantd] ozone
2] AAlge] AAGA age HAsg o, o] F g
ATFAEE ARFTE QAE WeE SA£F)
ozoneoll 938}t respiratory function®] AsE <}3AF)E
B sl (Folinsbee et al., 1975; Silverman et al.,
1976; DeLucia and Adams, 1977; Adams and Schelegle,
1983; Superko et al., 1984; Mautz et al., 1988). °|&3t
ozone®] EAS7= -85l 44k ventilation volume
2] el 71913} ozone FYUTF] FVIE APE.

$A)-8-Fol AN antioxidant systemell 2] dirl=El=
2QA3EAe] FEEPEEel F= oJgkd] M= I
2] AltH]l RS YR d7Ee] ok HEA
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ol 3|21 EAQ] acetaminophens gkl x] Ag 7H=
AL Jepln, o] 7b54-2 7F2] microsomal enzyme ¥
Aell 2]s] AYAE reactive metabolites, N-acetyl-p-ben-
zoquinone imine(NAPQI)*l| 2J3] wi7|=c}. A= el %]
B850 oM Eoju)xdl Foiof 93l AAJEE NAPQI
= GSHell 9J8)] E3}=|o] F53}=|vj(Miner and Kissinger,
1979; Holme e al., 1984), F2F S Alo]= NAPQI <]
8 712 GSH: 39 90%7HA A= Mitchell et al,
1973). Lew$} Quintanilla(1991Y= 2 A E A 1057+
endurance trainingg F-I3l1& v} FAHe=Z $5& H
gk T2l vis) 7t @ F247]eM GSH =2 GSH
redox status’} A5dhe S RA3NH. £ opH| Eopn]
xH-E o] FEFol FASNE o 7] GSH 1o &
Al A==z AR X4Ae] 252 GSH
FERA NAAEAES 7R 22 t}oFs} beneficial effects
2 EA7FsdE FA3. T Yoon $-(1997)2 AR
2r 54E JehlA] o 839 o Eohu|xul S
A SAEEE T3 HEA FA] HEA ]
A FHehe Basige. 2y o] dpelMe |
34 SA-8-5¢ll 8t GSH 122 prazosin, propranolol,
1= yohimbine 5-2] adrenergic antagonist 3l 2]3j
2=Z) ekgke}. wlebA o] Asl= FA3AQ SHeE3)
72 physical stressoll 23] frE=E GSH o=
catecholamines®] 7F3 5838} mediator7} obd-S A3}
31 glem o)ejsl -2 Simmons S(1991)2] ZA7}el| 2
A= AR =H gt

8HH ethanole 7} W o8] ZZ]o|A alcohol dehydro-
genase?} cytochrome P-450 2Elel| 23] acetaldehyde®
Z13= 3 Yot} aldehyde dehydrogenaseol] 213}l acetate
2 Faj€. o] HAellA A== ROSE ethanol®] 54
el $83 988 = 22 oA K Gonthier
et al., 1991; Montoliu et al., 1994; Westcott et al., 1980).
Somani®} Husain(1997)> 6% 7t HEo)A ethanols
Folgpy e 7|7HE}t SAES Y93l braind
antioxidant system ¥} lipid peroxidationg 4331
. o] AFolA A vlE5AtElel B8] brainol
Al A¥PY 22 antioxidant system®] S AREAITIRL
malondialdehyde 45 SAlsled ethanolell 213t oxida-
tive injuryZ A3A]7)E L2 Hou} 1 §a= P EQ
brain F-9of| we} Aol S AAsIT)

5 TAHLR AABRE ARl o] e
e Aog ®WIE 9l om(Winningham er al., 1994),
a 71z -5l 93t df3} 23] F jron®] HE=A 3}
7} AA =5 glet(Lauffer, 1991). &, iron 52| 74
2J3} hydroxyl radicals®] AAAB} P E2l A3}
o} Aol e AR FAHCH W FT Kaakse}
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Lukanova(2002) SA -85Sl 2lgt vulAe] W
9} endometrium, breast, prostate, 2 colon cancer H§<]
AR S A st 2} ofA] AAIH LR GRS
o2 $5iap)l 4" dFEIE ¢len, o)A
wo 3}ekx]gA7} - doxorubicin, bleomycin, BCNU,
busulfan % - reactive metabolitesE JA = SA71AE
Zh= AP QA3Eo] Bl (Powis, 1994). 28} of 2
AFAZE F33 o] H-3t 252 antioxidant system
AL FASR7E AAsATe AL SdEn aeia
reactive metabolites-} free radicalsS AAdshe E-2] A
28I FAH EHE B Hlog FAHREE o]d
A3 A&A Q] @37t ZePE|ojof & Flelot

V. CONCLUSIONS

A A oA} HHEH o7 Hads KA ET
) A, AlAbE, X029 dFe, AHe pH, AL,
B3 5 kst AR Fl| W EE s, olElgt
A ®e] W3l Sl spehEAle] F4, BXE, diAf A
of] QAgkS wAc} 1 A#) sjsEAe] FAF-Sol M| f
B vEatEel vls 249l zpelE EolA #
o} g 459 o3k FatElE 5] 3, A
£A)17Y, el wEr dAsA] gdor, =3t A=
Z Aol T Beloh =3 $-FR&7| 7kl w2t AEA2
Azt WEu Ao w|Xe= ofekS shetEAe] 3t AA
o] ukgAel HEE sl g 8<le] 2 4 Qo
Ja SA-FA e A A st
ukS-Ad o] Wisloll = ofe] 7FA] QlR}el| 2]t odFko] E3j1H
22 MAEY 2% F83 9L sl Al Bt A
TAE ofx] FHHA| o Adlolet. £AF2] 3
2 53] margin of safety’} W2 FE 5 B-FelE 9
Aslal RS X 54ae] A4S SsiM A=Y B4
o] glom, FEEe] QiAo Ae] S AIH A = A%
FE Az 3 FEAYANS] B3NS ST
Qgolog wEiEeo} dio}. AR AL AW A}
uk-gof 23} reactive intermediate metabolitesE- A A3 5}oq
=4S FE3. SA ST 250 AR, &7zt o
2} AW antioxidant system®] FAS WHIr|7|=Z
ROS9} free radicalss A3l 3shade] AL
o8rS Foh AE5HQl §A$F2 antioxidant enzymes
2] AL 271X 7122 QYA free radicals A Aol =8
£ & F s A= Hald

ha]

ol r-|-4

=
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