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ABSTRACT: Effects of forced physical exercise on the CCl,
hepatotoxicity were examined in adult female rats. Rats were
treated with CCl; (2 mmol/kg, ip) and introduced into a
cylindrical cage rotating at 9 rpm for 20 min/hr for 6 hr.
Eighteen hr following the termination of exercise serum
sorbitol dehvdrogenase (SDH), glutamic oxaloacetic trans-
aminase (GOT), glutamic pyruvic transaminase (GPT)
activities and  glucose-6-phosphatase  activity  were
determined as parameters for hepatotoxicity. Physical
exercise inhibited the CCly-induced increases in SDH, GOT,
GPT activity, and glucose-6-phosphatase activity was
decreased less. Distribution of [*CCl,] and the metabolites
in major organs and tissues was determined immediately
following the exercise period. Significantly less radioactivity
remained in the body fat of the exercise group compared to
that of the sedentary rats. The total radioactivity in the
carcass was also lower indicating that CCl; was eliminated
more rapidly in the exercise group. The results suggest that
acute physical exercise decreased the CCl,; hepatotoxicity by
altering distribution and enhancing disposition of this solvent
in the body.
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Dessing (1985) & -&%-o]Ake] %452 A7 31318 indocyanine green clearance+r XL
Z A gl 7b¥ Hako] % 3Lx] 4L o]of whe} lidocaine ¥t o] flow-limited metabolism-o ¥.0]4= akE-2f njf 412
7Fasbm antipyrine st %ol capacity-limited metabolisma viehll4z oFh-0- o) &k8- wha] oF5-5 Mo
slolel, sk Somani®t  Babu (1990) 1= S HS-%o] zb xrlo o] &irels §}*HL°_.&’JH
physostigmine > 7L thAHE2] AlfE-2£ 3w Ale] W shehg ybabelelvl o] HyHEe A S5 A
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Al Stokinger %(1956)-& #HEolA A7k o 1548 ¥ 6 AlZbgak b 6 Forkel A
sedentary group oll 4132 248 vhehl ] ¢4 F5el 1 ppme) ozonee] Al 5 weli- 4%
aakalglch == DiVincenzoot Kaplan (1981)- <ldllel 100 ppm2] o)l shelleb-y F91 Al g ul] $-4-m2]
carboxvhemoglobin (COHb) F1a7) of 2tell ulabe] oF Y= ul) 27pako shabslglc) “r2iv} Carlsony}
Kim (1986)>- 219] 7)ok~ hth]_) Al A Bargk v qleh & »”‘ 3 ARg-EE A ‘%‘Oﬂ*} 1()()0
ppme] o]d s ek-g 8 A ZHs ok F A W 5 °]°5§}Uﬂ£¥ 3! COHb F127b 28]e] b 11 8] 418k
18} Aoz el 4] A7k ©F 155 ¥ -5 Holgl LA kol 4] 01116] vho.S 1y Ekelck

Hoodpel Ais bl algell 4] W] AREERs 1 Emlel Abelstebane] Ao KAlfge] vl A
olgtw} =1 Y1 Fstarat ahglc) Abelshel A= mixed-function oxidase (MFO) enzyme systemol]
2] &) trichloromethyl free radical (-CCly) & €443} o] 7h-A-S fabstnz Apglsiebs: b el &
Ao nl iz gk W 2 NS sk 212 A e] b Ab ol vl ARz oJEE yhelis
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Animals
A Mgl A A5 150-250g2] x4 Sprague-Dawley rats+ *Hg-shelch. 414
T ool AR Al Al A& AT AL *ﬂfﬂoﬂ ARg-Ehelch ARE S 2= 2245C, R 551599 S

Asha Abgsh E& dagle] Gt ‘

Chemicals

218l of| 3= glucose-6-phosphate disodium salt, NADPH. semicarbazide HCl. NADH. bovine serum
albumin, 2.4-dinitrophenylhydrazine (°]4b ©]Z Sigma Chemical 4}, nicotinamide (7= Aldrich
Chemical A}, carbon tetrachloride (2! % Junsei Chemical A}, potassium tartrate (v]-5 Merck Chemical
AP, [HCICCl, (v]= New England Chemical A}, GOT % GPT kit (23-5-712}, Seoul) 58 AH&-3sfelr}
29) AREl m 2ok vl L iiis reagent grade Wiz L o] Alolgr)

Treatment
Abed ghekAzis corn oilel] 48 A1%1 ] 2 mmol/kg 838 47k PAlSEAL o] HA] Fopatat o)t
* group. e Ssleh £EEL 9 rpm (Tm/min) o i sk Aol def 3ol 40 o 20
s shatelch A8 sl slo) 21 47 20 cm, o1 50 emel 4 o WA

1

©% (Fig. 1, 3 9 8)49e] Ficol 4] i Ao xle] 5 el =55to]
BA b £ S Al s (2 wopsl Aol Aol o) Sl Islel
bl afalch, A shebs 2 4 oAb [HC) CClo] #3181 4191 SIREA & Fofoa 6 4 7H5 2l 5 417
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Fig. 1. Rotating cage used to force the animal to exercise

Assays

SDH (sorbitol dehydrogenase) 2H4-&-  Gerlach (1965)2] ®H & =xsle] ZA )it 02 M

triethanolamine &< (pH 74) 24 m/¥} ¥4 0.2 ml. NADH (12 mM) 0.1 mloll 72% fructose &Y
0.3 m/-& 7}8kal 366 nmol| A 1 3-7F §-a41c o] Hst& & #slo] SDH #H4d-8 Falgich

GOT % GPT &4 %72 Reitman¥ Frankel (1957)¢] ”o”’d & ARg-sle] %4 6}03@ GOT#} GPT
71N E 1 m/4 #Hslsr @A 0.2 /S 7haked 37C ol 4 GOT= 60 +-7F, GPT 30 -7t incubation &Hith.
Incubatlon #4] 24-DNPH 1 m/# 04 N NaOH 10 m/ ¢ /}au 505 nmel} 4 & "L_IL-:A ZAlakelch

Glucose-6-phosphatase #4318~ Traiger®} Plaa (1971)2] Hh-& =38tod Z=Aslolch 3% 712 0.1
M maleate $F5-< (pH 6.25) Well A polytron®.2 ¥-243} homogenate 1 m/ % 7} 50 mgo] 3757
sgdch 0.2 M glucose-6-phosphate 0.5 m/, maleate 2HEed 1.8 m/¢} %+ homogenate 0.2 m/&
incubation?‘f}"’ 10% trichloroacetic acid & incubation-® #2417t} 2500 rpm&E YAlHe)g 45 1
m{3} 2X10 * M molybdate 44 5 mi& & % reducing agent (42>< 10 *M 1-amino-2-naphthol-4-
sulphonic acid) 1 m/& 7}sld} 30 ¥ EoF W& § 660 nmoll H g sl

’\}O’ﬁ}ﬂ-’\ o] A B2 %48 Kim¥} Matthews (1987)2] wh & awabedcth [CICCL, (2X 107 dpm/2
mmol) ¥ ratell 2 mmol/kgo & E7}F418E & 6 A 7Heol 58 Hysidct 533 gRA *P‘I?LI-
Holl 1 mlg A&l A el 713%]el 100 @ 4 Hspsled A=A 7ck F5S 2H313] dissectiondle] 7}
A, ¥, A3, v H 2Ae st 9y, 3§, e o “Eok #stedek b 245 100 mg“]

T 2 o

A gFstod Packard TriCarb Sample Oxidizer (Packard Instrument Co., Downers Grove, IL, U.S.A.) el 4]
28] ed 421 A Carbo-sorba} Permafluor®] 1:2 if{}*’“oﬂ "CO,2 ¥ A3} radioactivity & ?:ﬂz‘;}oi\:}
a5 2k 259 S v]8-e 2b7) 11, 8, 50%E 34 skedc}t (Kim and Matthews, 1987). & sam-
ple-& triplicate 3} 3+ F3ich

Statistics
BE ARAANE JF + FFEHAXE EA)8}T two-tailed Student’s t-testE AHR3le] G438 AA
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ZdE ot 71 7kel] B A A HGo] shetEA o] ANhAL FH FEof| g Fof At 3petEAld ogt
uk-$-A 9] zlo] & frubal = 9188 A A sk glv} (Stokinger et al, 1956; DiVincenzo ef al, 1981; Boel
et al, 1984; Déssing, 1985; Carlson and Kim, 1986; Ardies et al, 1989; Somani and Babu, 1990). &
Aol e A dE Ao = de] AR gl 8ol Atdsetae] EAo SA2Fo] v)HE ¢S
EFAsta 2 7| 4E& stz sk

A}ed sleb A+ mixed function oxidase (MFO) enzyme system®| &Ado 218} trichloromethyl free
radical ( - CCly) & A3l 7o) 2h5A ko] AAlxz71o2 de] wolgodz| i glo}. A o] free
radical-2- g1+ | A=k I A 8le] 22 9] s}ak3LE o © 7] Av} (Recknagel, 1967; Recknagel and Glende,
1973; Recknagel et al., 1982), free radicale] | EW 2] whd & o|i} x| 2 £2] macromolecules®} 2 3} 3}o]
(Villarruel et al., 1974) =2 A3} 7+2] 3] A}, fatty infiltration, microsomal enzyme &4 38} $9} 7+=4-5
YehllE Ao oded A glvh 3 FZole Abgdslel 4w T ) 2}Eo) endoplasmic reticulum®] Ca
pumpE A3e] AFEW calcium homeostasiss A&l sh= 7lo] 7t22 ALY 7o Z AA|= 2 9}
(Glende et al, 1986; Long and Moore, 1986).

FA4 FA 5ol AP FEAL Aol vA = A eks A7) $l8) Al stetar) dAMeiE FEelA
58 FHsln A EEk A Fol 24417 A4 A #1324 SDH, GOT, GPT % glucose-6-
phosphotase #4-& &A43sAr) A enzyme 3 318=Ae 98k 7454l 714 717Hg A X2 A=A
%= SDH2] &4 % GOT, GPT #4& &57¢] w5 vla] d#3] wo} FAH 5] A3}
b4 0] 7H5A-E AEAZ-& 2o} (Table 1). 38 MFO enzyme systemo] &x2j&k= endoplasmic
reticulum®] integrity7} #4%2E 18] H52 <l glucose-6-phosphatase B4 $-F<to] &3] Hol
FA 5] AFAFEARS RS S Bl 9 AFARE ARFA o) B Al H4H
Sk 2 2= ALE-5 7HE-4] o] 2| F 9} aminopyrine-S 7| & 2 & vitro N-demethylase 41 o]] o} -2
W 3H-E 3] 9k} (data not shown). wheba $1 A oA Bl S-A3-52] Al stets 7H5A4 taave
F AL o] A3l 7]Qlek e R+ KHolA| et
B Aol e S5l o3k AldEuta TR A4 73S #Felsr] 8 [UCICCLE S-EoliA

A 25§ 627h5er BHdt 3 7} 23] ol A9 radioactivity B 53t} (Table 2). v] 2572
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Table 1. Effect of physical exercise on CCl; hepatotoxicity®

Gr SDH GOT GPT Glucose-6-phosphatase
oup (units/ml) (units/ml) (units/ml) (umol phosphate/g liver/min)
Sedentary 865+157 165+24 219480 12.07+1.17
Exercise 548+162° 123+31° 127+50° 156.51+248"

“Rats were treated with CCl; (2 mmol/kg, ip) and introduced into either a rotating cage or a stationary
cage. The rotating cage rotated at a speed of 9 rpm for 20 min of each hour for six hours. Twenty
four hrs following the treatment, the rats were sacrificed for the assay. Each value represents the
mean+SD for at least 6 rats.

®Significantly different from the sedentary group (Student’s t-test, p<0.001).

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

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



Table 2. Tissue distribution of [*C]CCl, radioactivity following physical exercise*

Tissue Sedentary Exercise
dpm/mg % ingested dose dpm/mg % ingested dose

Blood - — — _
Liver 1.74+0.26 0.12+0.07 146+0.35 0.09+0.04
Kidney 1.27+0.17 0.05+0.02 093+0.13 0.04+0.01
Skin® 4.68+0.21 3.77+1.03 743+0.63 7.20+0.69°
Fat® 5885+12.18 28.14+3.77 3548+6.26 17.61+4.19¢
Brain 052+0.22 0.04+0.01 0.39+0.10 0.02+0.01
Spleen 0.33+0.03 0.01+0.00 042+0.22 0.01+0.01
Muscle” - - - -~
Lung - - - -

total 32.12+491 24.97+495

®Rats were treated with ["*C]CCl; (2 mmol/kg, ip) and introduced into either a rotating cage or
a stationary cage. The rotating cage rotated at a speed of 9 rpm for 20 min of each hour for six
hours. Immediately following the exercise, the rats were sacrificed for the assay. Each value represents
the mean+S.D. for 3 rats.

®The total weight of muscle, skin, and fat was estimated 50, 16, and 11% of body weight, respectively.
“Significantly differnt from the sedentary group (Student’s t-test, p<0.01).

“ Significantly differnt from the sedentary group (Student’s t-test, > <0.05).
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