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ABSTRACT: Effects of repeated physical exercise on the
carbon tetrachloride (CCly) hepatotoxicity were examined in
adult female rats. Rats were introduced into a cylindrical ro-
tating cage and forced to exercise for 1 hr each day, 6
days/week, for 5 consecutive weeks at a speed starting from
10 m/min, increased by 1 m/min per day until the speed rea-
ched 27 m/min. Significantly less body weight gain was obse-
rved in the exercise group suggesting that physical fitness had
been induced in these animals. Eighteen hours following ter-
mination of the last exercise bout rats were treated with CCl,
(2 mmol/kg, ip). The CCls-induced heptotoxicity was signifi-
cantly potentiated in the repeated exercise group compared
to the resting sedentary animals as determined by changes
in serum sorbitol dehydrogenase (SDH), glutamic oxaloacetic
transaminase (GOT), glutamic pyruvic transaminase (GPT),
and glucose-6-phosphatase (G-6-Pase) activities when mea-
sured 24 hrs following the CCl, treatment. Hepatic drug me-
tabolizing activity was determined in order to elucidate the
underlying mechanism of potentiating action of the CCl, he-
patotoxicity induced by repeated physical exercise. Repeated
exercise increased the hepatic microsomal cytochrome P-450
contents and aminopyrine N-demethylase activity. The resu-
Its suggest that the potentiation of CCl, hepatotoxicity by re-
peated exercise is associated with induction of the mixed fu-
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nction oxidase (MFO) enzyme system mediating the metabo-
lism of CCl, to its active metabolite(s).

Key Words: Repeated Physical exercise, Physical fitness,
Carbon tetrachloride, Hepatotoxicity, Mixed function oxidase
(MFQO) enzyme system, Cytochrome P-450.
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7179} WHEARQ) KA 5ol o3 FEEE physical fitnessi= AA Autoll ZAH chFd
9-E-& st 53] ko] A9 o] F7) A uX e dAAQ FFE ofE hellM A
ofue o] SFEZY AR vRlE THF AR TS 53 FsrEAe) EA4dd o
Fe Z F e Ao ogaqzq Atk Rowell- (1974) TAVH e 2& §ALT] 1Y
FES 60%71 A T4aA171-% indocyanine green clearance & 61] A3y o™ Sweeny =
(1981) flow limited metabolismE H.o]+ lidocaine?) %ﬂlﬂ/\"‘—": F4H0 FAL-F

o) ZHATE Byt o) ¢h= Y2 A 0 2 capacity limited metabohsm—% el = diaze-
pamo|4} (Clotz and Liicke, 1978), antipyrine (Taylor and Blaschke, 1984; Swartz et al,,
1974), amylobarbitone (Balasubramaniam et al, 1970) 52 &2 AY £ £+ FA
FAH 59 TS 91 v Aoz #FHAY 13} Somani § (1990) & {A|&Fo)
Zt Ao 2o FH# BEXE W3AA physostigmined I thAH Y] AUHERE 2 wjAdo
AYE vt Hustgon g 2 d7doAE HENA AIGSRAE Ro9dtn F4
A EFS FH3AES o o] §ulol] A3 7h5A0] A A FaTS BEAST AT
o)k Aldstetio) HEE] Wl B AU FAFF AHEE 1 AR AAG v A
(Kim and Kim, 1991).

3HH Boel 52 (1984) aminopyrine# antipyrine2] AW £4& 57} whE-2 0] $-Fo)) 2)3)
F71EHE HAFAL ol FE9 UrtasAlY B4FIE O 71HeE FAHIEY K Ardie
52 (1989) A=Al 65:7F2] running exercise 33192 microsomal ethanol oxidizing
system (MEOS) &] &Alo] £713} a1 o] w}ie} ethanole] = Hizir|7} 74HAFS A &gl
FHEAQ SAEE ] s fdEE he] RIS Wale A FgEY oFF A&HA7

ol 7] 5A4Z4 53] Akl 98] S4do] 23 5= secondary toxicants®] A1 o)
FEFE 71d Ao 2 FAdE mel B AfoMe 74 AdaRdA 2 AHgdE §7)
|l AtEstE Ao ks Ao HHE Al SA-Fo] v F¥¢H 2 7|DS HystaA 5
Rk AtE 3 EAE mixed function oxidase (MFO) enzyme systemol] 2)3} trichloromethyl
free radical (-CCly) & &A3l5 o] 7H=A L §u3lu 2 7o) SFE A8 o] ¥id)l= o] 23 o]
=440 dEgE £ Aoz 7idEAck

by - U]y

Animals

Z Agel 2A A 150~250 g9 A4 Sprague-Dawley REE AHFEZ AR89}
TEEE HEFEL 3F o £ sty Aol FEARl & 48 ] AHE-SFTE
AtE B AREA HAT F UAEE Yo ALFA e 25 22+ 5C, 4% 55+ 5%, 315
12174 9] Light : Dark cycleg X84tk
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Chemicals

23] ALE-3F A 2ke- NADH, glucose-6-phosphate, 1-amino-2-naphthol-4-sulfonic acid,
triethanolamine-HCl, NADPH, semicarbazide-HCIl, ammonium acetate, tris-[ hydroxyme-
thyl Jaminomethane, bovine serum albumin, trichloroacetic acid, D(—)-fructose (o] Si-
gma Chemical Co.), nicotinamide, magnesium chloride, zinc sulfate, barium hydroxide, po-
tassium chloride, sodium hydroxide, sodium bicarbonate (°]’¢ Aldrich Chem. Co.), Fo-
lin-phenol reagent, potassium tartrate, copper sulfate, potassium dihydrogen phosphate,
sodium dithionite (©]4} Merck Chem. Co.), carbon tetrachloride, maleic acid, sodium ma-
leate (o] Y& #43}8}), sulfuric acid, hydrochloric acid (0] 4+ 5%3}8}), ammonium
molybdate, aminopyrine (o]4 Y% =4t38}8}, formaldehyde (2 £ Shinyo Co), GOT &
GPT kit (F5AH 5oz 1919 Alef & LulF= 25 reagent grade F+= 1 o]0l
=

Treatment

A EE SALEL Bl Yl £5 ™ol 7H53 motor7h F2E 27 30 cm, 2]
50 cme) A Z ¥ Y% F rotating cageE A28} (Figure 1). ©] rotating cageoll 58-&
T8t 19 1M F 6, 5573t B¢ £5 S F A FA LT FEES A&A1717)
98 €542 10 m/minol A A1 &8t v Y 1 m/min¥® $7HAA 35F ¥ £57} 27 m/mind
olz® Um R 257+ e £ 2 FSQAh Algoe] MAIH 7] Mo FEECA Au TS
A3l AlolR 9] A EFol| =884 Fite TEL AW AAAT Atdstga 7t
24 AHE 2H57] 9l 557 HHA FEHo R $58 st SEEE 18A17 F9
corn oito] &3)A1Z) AFEE LS 2 mmol/kge) §HOE BAFAIEAT AMAstEA: Fo
2417 AA] dEl 28 v A7) BdlEwo g e AqPsly AL EefsAY 1S F
239t A EE EH3 7] A% Ao e FEHA LR F5E F 18A1T
A 7He AEstE T

Assays
Sorbitol dehydrogenase (SDH) &A1& Gerlach2] (1965) < A3l SA3IHE 0.2
M triethanolamine £+ (pH 7.4) 24 mi¢} 3 0.2 m/, NADH (12 mM) 0.1 m/9l] 72% fruc-
tose €4 0.3 m/& 713k 366 nmof| A 183F FF =] MstE &8t SDH &4-& 73t
Glutamic oxaloacetic transaminase (GOT) @ glutamic pyruvic transaminase (GPT) &4
222 Reitman¥ Frankelo] (1957) W& Al8-3lo] 2R sty GOT9 GPT 7124 S 1
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Figure 1. Schematic Diagram of Rotating Cage Used to Force Rats to Exercise.
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m/A #3331 84 02 mlE 7138t 37C o] A GOT+E 603t GPT+= 307t incubation 33Tt
Incubation =8 A] 24-DNPH 1 mi¢} 04 N NaOH 10 m/E 7}3F3 505 nmolA F32=E
=43t H

Glucose-6-phosphatase 432 Traiger9} Plaa2] (1971) & 43t SA3 At} 4&4
745 0.1 M maleate $+5% (pH 6.25) Woll 4l polytron®. 2 243t} homogenates 1 m/%
7+z3 50 mgo| 49 A 8Tt 0.2 M glucose-6-phosphate 0.5 m/, maleate $+3-<% 1.8 m/$}
7F homogenates 0.2 ml-& 37C o 4] 40% 7} incubationd+ ¥ 10% trichloroacetic acid 2 ¥H&-&
Zg A Ak 2500 rpmE AR E A5 1 m/e 2X10° M molybdate 8% 5 mi& 42
% reducing agent (4.2X 1072 M 1-amino-2-naphthol-4-sulfonic acid) 1 m/-& 7}kl 304 &<t
W23 & 660 nmol| A FRE=E S

Aminopyrine N-demethylase 242 Nash9] (1953) W& 33ld 4313tk &4
7S 0.01 M phosphate $+3<8 ol polytronS & Este] 1 m/d H2F 250 mge F
$3H= homogenatesE THSUth ©] homogenatesE 10,000 goll A 2047 ¥ stal 1
A=ol 1 m/o] NADPH €< 1.5 m/¢} aminopyrine-&2% 1 m/& 7}8}ed 37C oA £ 1003
A% A7 incubationd3tGth. 15% ZnSO,E 7}8ted wkg-g AX A7) 12 £3}A|7] Ba(OH), &
AS 1 miA 718k & 3000 rpmol| Al 1587 A41E-218 9t} 445 2 m/9} Nash reagent 1.5
ml& #3te] 60T oA 4057} incubationdt ¥ 415 nmol A FHEE A3k

7+] microsomal cytochrome P-450 contents® Omura$} Sato] (1964) HH-& o]-8-3}
ZA&grt A28 S B35 10,000 goll A 2087 Y4 Rt 4SS 100,000
g2 6087F 29412 8)5}e] microsomal pelletd ¥2]3+4t}. ©] microsomesol 0.01 M phos-
phate $+%S 7}8te] suspension & THE ¥ 5 7§9] quartz cuvetteo] 3 m/¥ FH3th
7} cuvetted) reducing agent (sodium dithionite)Z 10 mg F%= 7}3+ %, sample cuvetteol
carbon monoxide (CO) gasZ 6037t E3tA1 At} CO gasE bubblingd}A] 942 cuvette & refe-
rence 2 ] 450 nm9} 500 nmo Al 9] EH S &4}k cytochrome P-450 contentsE 7|
2F8}al nmole cytochrome P-450/mg microsomal protein®. 2 IEA| T}

MicrosomesZ¢] protein®-& Lowry 9] (1951) -8 ol &3l A3t

E7xz2

A A% 7 2o Bt +
AASG h &5 &
shdeh

TZ2HzE TA5H9.2 M two tailed Student’s {-test 2 #2141 S
2 value”7} 0.05 |3}l A$ FoJAol AE Aoz #A

o,
o

Zot f nF

7+% xenobiotics®] thAlell el AfAIZEe] Afole o {AA, #784 JAAEH o]F 9
A3 A 719018k Ao g dHA Utk o] H3 AR IR SALFTY A¥FS EF
YR AFAEo o3ha A3 w Q) SATo) BE FEH 5AHEEY AUEE B
Atell da-g vy 1 AF ol F49 #F 9 EAE wstE 1=
(Dossing, 1985; Carlson and Kim, 1986). & Q7oA+ AA HES Ao 2 vrEHQ &
AgFol Agstethe] HEA BdHo nxle JIFS PAEL 1 7% 33

=

=

A
o
=
ol
=
R
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g A dE S 8ol AlEster A s g A e S48
systemol] )& thAlEo] AA ¥ trichloromethyl free radical (-CCl) ©] 548 &8t
g4 Bao]y o] free radicalo] MErvF M EW A7|de] AAS FAS} lipid peroxida-



269

tionS ¥ © 7] Ay} (Recknagel and Glende, 1973), Al 1§ 2] 2} macromoleculesdl] o §F cova-
lent binding (Gillette, 1974), calcium homeostasis®} & 5 (Long and Moore, 1986a, 1986b;
Moore et al., 1976) S T3l XS JALE FEdle Aoz A U

B Ao M g HQ S50l AlgserAae] 7H=Ad n) Rl 938 #E37] 95l
B AFHNA 1t A3 AF AJAE o] &3t APFE 57 HIHoE 5FS
Z7H71H FA &S FHstath 5714 AFRE 5T AFF7HEL 2o vl
A Yo 4F o] Fofl= T HHAlFo) FAFOE FYAUE Aol E YeR|A Y (Fi-
gure 2). $F5TY AFF7HE9 Edle AU LS H e Ao 9§ Ao 2 Holy o] wt
EAQ SAEFl 23] physical fitness7} F2=HA-SS AAbsiL vk

557t +EHI FE F AMEIEHAE T3 o] &vlol] 9 fFEE A ARES
=73 27} chemical toxicantsol < 7h&Ade] 71 ¥IzeE A g2 ¢elxl SDH &4
2T 353 b8 5N @A A FrletRed, s1eE o) 23 lipid peroxida-
tione] 7142 ¢l {2 AFR-EE glucose-6-phosphatase B4 % 718tk (Table 1). IH=
Aol B} BHZFC AFEQ AF GOT, GPT &4 T3 $E7A Z7)8te vk zle]
FA-EF2 Agdgeae] =4S A FIARHE JEZ ok

Abdslg e EA Q) ALEA &Y T4 EZolnz vEAHR0 A5l o3 1k
AENAFE L HEE ST AENA 577 §HEFE A 2 2ASE ¥As
o} H& 9 A EQ] 7 microsomal fractionol] 4 2] aminopyrine N-demethylase &4 3} cytoch-
rome P-450 contentsE &R}t 24 E e FEU AT ABEL BF 5 ToA
foAdde F7He LAY (Table 2). o] Ade A7]7k] WhE-H) S35l 98] 7] mixed
function oxidase enzyme system©] induction® ™ oA A FH 7H=EA 2] F7b= ©] enzyme
system®] EA]E7}o 23k AFE3ERA-2] active metabolite(s)29] tHAPEEZ7} 71913
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Figure 2. Body Weight Changes During Exercise Period.
Body weight was measured twice a week for 5 weeks. Each value represents the mean for six rats.
Standard deviation was omitted for the sake of clarity. Open circle denotes the sedentary group;

dark circle the exercise group. Asterisk indicates a significant difference from the sedentary group
(Student’s t-test, P<0.01).



270

Table 1. Effect of Repeated Exercise on CCly Hepatotoxicity®.

G SDH GOT ‘ GPT Glucose-6-phosphatase
roup {(unit/mi) {unit/ml) (unit/ml) (umole phosphate/g liver/min)
Sedentary 2045+ 559 215+ 15 192+ 23 10.19+1.17
Exercise 3199+ 528° 263+ 20° 236+ 20° 8.69+ 0.64¢

*Rats in the exercise group were forced to run for 1 hour a day, 6 days a week, for 5 consecutive weeks.
CCls (2 mmol/kg, ip) was administered to the animals 18 hours following the last exercise bout. Rats
were sacrificed for the assay 24 hours after the CCls treatment. Each value represents the mean® SD
for 6 rats.

bSignificantly different from the sedentary group (Student’s t-test, P<0.05).

<Significantly different from the sedentary group {Student’s t-test, P<0.01).

Table 2. Effect of Repeated Exercise on Hepatic Drug Metabolizing Activity®,

Grou Aminopyrine N-Demethylase Cytochrome P-450 Contents
roup {HCHO nmole/q liver/min) (nmole/mg protein)
Sedentary 31.68+4.29 0.869+ 0.054
Exercise 4546+ 7.12% 1.235+0.122¢

*Rats in the exercise group were forced to run for 1 hour a day, 6 days a week, for 5 consecutive weeks.
Rats were sacrificed for the assay 18 hours following termination of the last exercise bout. Each value
represents the meant SD for 3 pooled samples each made of livers from 2 rats.

"Significantly different from the sedentary group (Student’s t-test, P<0.05).

< Significantly different from the sedentary group (Student’s t-test, P<0.01).

72 38A "]"}3}1’ R

HHE Q] §A| -50] 7}—4 FEthAb o] WElE TS AHS B AFEAe 47
AFAEe] B9l YX|3 Ytk &, Frenkl & (1980) H Eo} A7]3 S 2 swimming exer-
ciseE F33F 4-¢- cytochrome P- 4509]- NADPH cytochrome reductase % microsomal enzy-
mes?] contentst} &AJo] 7188 #ASA cytochrome P-450-dependent enzyme system
o] FHH A A HEekal & 4 = hexobarbital sleeping timeo] ZA3st¥ vty H 33 v}
Atk o] o]9of A} HAHFES e Z AT 478 &S AFANRE T I
7149 A5 1134 7% ]L} sex hormone level, cortisol metabolism, ~L&] 3L lipopro-
tein metabolism 5o WH3lE F&dcty Rs 7 e (Boyden ef al., 1982; Few, 1974;
Frey et al, 1983), 7 71H& SAF 93 k9] GEUAleg ] #sle} {3 o=
FA= 2 ok

FH B AFAPA0E FAFQ SH 50 AFFeEtA HEAS AT aFE
7HAS #2% X9} (Kim and Kim, 1991) @43 25 Kol ) F433<0 &% o8
Atgsterae] A Astadte] 71AE ATl g3 fdEs A A Hskel F3s
Ao E BRth &, §43< 5o A& <Ko 29 FF 71 4 AuF] iR ri=zy
R dae oA dAtEE o] &9 1t R 9] deliveryH & ¥& #AA7IM £854 2
SHFAE] ST AMEE A s Fo R o] wjATFE FUIAA AFA g4 body burdens
7“\’\] 715z o] b5/ Adle] 71H o2 AAIE v ok el B AP A A= S35 ol

713k whet FEol Al Aol st 71 o A A i AheA ‘ﬂi}ﬂ FeEH 127 U3

5}5}%”4 4% ME Avtse 53 28 7 USS BAF ik

SEAFEY FFAH 52 )dsEE e A9 H}°% T3] S A5 E g1
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sted Uk webd A HEFE Alolol EAEe A 842 zolE A4S
Fro2mM Buh 5849 extrapolationd 7H53HAl Bt B A Ad A= Ago) Agse=
FHEole SALEHO] Ao = &Fo] AU TR AFEH Je b PFFES
PEE UFOR 3= TEHFEATE §AlEFo] U3 F59 AdAd Y3 54=
Aol AFE =3t o AFH 34 2t3 98-8 &3k Ut} Xenobioticse] AW thA}
2 vk Aol i3k SAFe TS aHFHor =37 YEMe HEEHE A Fd
SAEEFT £33 1 E29 4, 547, & FAVR 58 THFHeE a1y Aol
S7ES B A8 A= A ok

$HA AT} AE3te EAY BN SATETE Y S F F U FEF &
Holth. Hol| Sojo} 1 R AFxAe HHo 2 JrtA 7Y A LS B
QT Z7FEA o) Qi) E A A A B physical fitness= xenobiotics®] AL $3=2]<1
JEg-g FYPshe 7He] FEUASHo WEE 2EA H wetA AMgshe R B2
watollel 11 FEE, AEAITE 9 wgy] Goll 9% F £ S FAIEA h
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