S2oME ||, The Journal of Applied Pharmacology 3, 12-20(1995)

HSMEA

- o

Ztatet= X0l Clofibrate2)

F344 BE0l| Ui 2T OlFASMAIY

MR - 01 - ASgh - Al - ZThS* - PN - 214
ST - YRS - PFH - YN - Wl

R - HBY -

Y - FEY

THEAGA DD By, 7718, 54, AYFETgelL

Oral Subacute Toxicity of Nongenotoxic Hepatocarcinogen,
Clofibrate in F344 Rats

Ja Young JeONG, Kook Kyung LEE, Dong Hwan SHIN, Beom Seok HAN,
Dae Joong Kim*, Tae Seok Kanc!, Ki Sang KiM, Dong Deuk JANG,
Chang Ok KiM, Hyo Jung Kim? Jee Hee KiM? Soo Youn CHUNG!,

Jae Chon CHO, Kwang Sik CHOl, Kwang Sup KL and Joon Shik CHANG!

Depariment of Pathology, 'Division of Research FPlanning and Evaluation,
*Department of Toxicology, *Department of Labovatory Animal Resources
National Institute of Safety Research, Seoul 122-020

(Received August 27, 1994; accepted December 20, 1994)

Abstract—Clofibrate, a peroxisome proliferator, is hepatocarcinogenic in rats in a dose-dependent manner.
A total of 70 male and female F344 rats, 5-week-old, were divided into three groups. Rats were fed clofibrate
at 0, 0.25, or 0.5% in diet for 30 days. All rats were anesthetized with CO,, blood samples were taken by
cardiac puncture for hematology and clinical chemistry, and the rats were killed by exsanguination. Livers,
kidenys, pancreas, adrenal glands, spleen, heart, lungs, thyroid gland, reproductive organs, and digestive organs
were removed, weighed, later processed, and embedded with paraplast for histological examination. The relative
liver and kidney weights with respect to final body weight in the clofibrate-treated group were significantly
increased compared with those of control group at all dose levels (p<0.01). It has been suggested that clofibrate

may influence on hepatotoxicity by increases in peroxisomal proliferation.
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(Butterworth &, 1991; Homburger %, 1991; Loury &,
1987). 28k v|F-HEA wholE 2 (nongenotoxic carcino-
gemel) &k cpedA debs) A oA A EFA L] Ao
tsted =27t =2 ¢JtKCohen®t Ellwein, 1991; Far-
ber, 1976; Pitot¥} Dragan, 1991; Roe, 1989; Swen-
berg®} Short, 1991).

Peroxisome proliferatori= dutzo g yAEERE
A (hypolipemic drugs)® o) GEF3 Zeo]e
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of| )2 7}4 A (phthalate ester plasticizer)T™ 2.2 1=
= 9ltHRao2} Reddy, 1987b; Reddy$} Lalwani, 1983).
o|2{%}F peroxisome proliferatore #&17F 2 7|%AH
o2 A2 o Bl IAIZAFAR el <F
=2+ 2-<(pchloro phenoxy)-2-methylpropionic acid
ethyl ester (clofibrate, CF) (Mochizuki 1982;
Moore$} Kitagawa, 1986; Reddy<} Lalwani, 1983), cip-
rofibrate(Moore2} Kitagawa, 1986; Reddy2} Qureshi,
1979), WY-14,643(Moore®} Kitagawa, 1986; Reddyeh
Qureshi, 1979), nafenopin(Moore®} Kitagawa, 1986), ti-
bric acidMoore$} Kitagawa, 1986; Reddy-&, 1980), =
2] 22 BRI31(Moores} Kitagawa, 1986; Reddy 5, 1980)
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Zo] glom, 434 Tekig 5479 Azt e
ol mekdo]E o2 FlaAE di-(2-ethylhexyl)
phthalate (DEHP)(Kluwe %, 1983; Moores} Kitagawa,
1986; Reddy$} Laiwani, 1983)%} di(2-ethylhexyladipate
(DEHA)Reddy$} Lalwani, 1983)7F 4214 <lck Re-
ddy$}+ Rao(1977)7} A A5 7k E )| A peroxisome pro-
liferatione 9.©27)%= nafenopine] Zra¢tide] gitix
2318 o=} peroxisome proliferation-d “elll= 4
Eof gk @bl BAG zy] A=l ol BE
e L APEE A F2) peroxisomes F2A)7]
£ ahgo] glod, vH-3H54 ) 7hEA (nongenotoxic
hepatocarcinogen)*] otz R ciKluwe 5,
1983; Numoto %, 1984; Mochizuki 5, 1982, 1983;
Moore ¢} Kitagawa, 1986; Popp <, 1985; Rao} Reddy,
1987b; Reddy %, 1980; Reddy<®} Rao, 1977; Reddy<}
Lalwani, 1983; Reddy$} Qureshi, 1979; Ward %, 1983,
1986; Williams %, 1987). @A 7}*] peroxisome prolife-
ratorel] &3 ZhieluiAe] olgt Ay sl A o
#A glA ko), o] 5 sErEA S ¢’ ¥ pf-oxida-
tion FA%EA, peroxisomel T FEIS] ksl o
b2 ol w2 ZhA|E] AbEE Q] ~Ed ~(Cattley
. 1987; Conway 5, 1989) =+ DNA £4HFahl %,
1984: Kasai =, 1989)7 replicative DNA§FAI(Marsman
5, 1988; Ward %, 1988)5-¢] 2baAd 7 ddgte] slvkx
B zlydc) ®|44 el peroxisome proliferationof] 2}s) A
o}7)Ele E4EE A3 DNA £&4-2 fe9) vl
A 7 =414 AAF 734 E9Hhepatocellular carcino-
mas)2] WA} Beo] gl AR PN Glavert 5,
1986; Reddy 5, 1980; Svoboda®} Azarnoff, 1979). Glu-
tathione S-transferase placental form (GST-P)& %
=4 7bgorEAl (genotoxic hepatocarcinogen)ol] <3
FitEl= AMotulitel AEQAE e glr(Sato,
1989; Sato 5, 1984). Ito Z(1988, 1989)¢] 2 2%
whotslaly wdg o83k b FUUEAAEH (me-
dium-term liver bioassay model)e] =]}, R s
o] 47t A7) it Al A] 7o) B clofib-
rate=(Hartig %, 1982; Ito =, 1992; Reddy$} Qureshi,
1979) 857k 7t F7PEg A HY AN GST-P %5
A7 iR gE x4 v FASAe 7hielEA
(nongenotoxic hepatocarcinogen)e|th(Hartig 5, 1982;
Hosokawa =, 1989; Ito 5, 1992). Clofibrate2 SD=l
ol Hekgeko g 1357} Fo4F ZHAE R peroxisome
Z2e) gk B w7} glcKTanaka 5, 1992).
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AP FEL YA R 5575 F34A 9= (59
RAFAATY, 48 &5 22 BeE A F 700 E
Abgabeich AR &5 234 2C, AWFE 554 5%
a3 g 12417k A7t fA ek BE FEL
2ok & ARRAUA 1577 S22 H i A
shodch

wil AFR(AEALE, 48)9 25 AHFRe] Fol4
7131, polycarbonate o)A ¢ 3n}e}¥] Po A&-3)c)
APAFEY wF AF 2 AR 2BEE S48
garzas FE Z1Espsch
ANEHEHE

ol Al F-S A% «u] olFASAAEE 95t 7]
o] FRARE Fzsle] ol it A7IEAA ] 9l
o, 4712t TG Agsivin HAR v FHFHY
7hakerg el clofibrate (2-(p-chlorophenoxy)-2-methyl-
propionic acid ethyl ester)E tHAA|HEAR A3}
)}, Clofibrate (CAS No. 637-07-0; C 6643, Sigma)<=
v]3- Sigmarl® HE] FYshe] AkRe] 025 H 0.5%2
EEg 7]E FPAlse Efste] How Azt
ApEr|Ewr| R 2aste] AA ARSAWE ukglslhe
Arg-stgt) Clofibrate§-of §-3F0) AL i 45
9l 0.5 E+ 1.0%0) ohdfe] 298] gl Aukel 025%=
+ oA Y] fske dAsu.
AEMN Y AEFY

AP 2T, AsST 9 24T Y 7
b2k 3o 2 W eloKTable 1), 272 71 2ARE
o] slgdal, ALITL 0.25% clofibrate(CF)E 353}
= A2 5 peETE 0.5% clofibrate® 5= Al
BEZ Ay AlEEH 477 Fosteich
Ha| =Bt AL
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Table 1. Experimental design

Group Treatment No. of Rat
1 Basal diet 10 M, F)

2 0.25% CF* 12 M, F)
3 0.50% CF 1M B
Total No. of rats 35 (70)

“Clofibrate



14 Ja Young Jeong et 4.

B2 s AAA17) deg o)A R ulF
o, A o HANSHA ZAb: f)ete] A o)A
APk EAHA ZE AR, AR, 2gr|Rb], $4,
A, A7), A, A 2 A & At 10%
%% 2246 aAstEnt 2 A, AL 8
23 Y dae A7) FAE SAse, 7k A, 2Al
9 ou|Ae aAF AA S, AF2E A2 Z/(MVP I,
Laboratory Instruments, Inc., USA)E &21-& z]g]sly,
setEetieR Eofsle] 4 mE FAZ AHL A ztg
% hematoxylin % eosin Q93 FeFa 0|73l A
Asheieh,

EHHEN ZHA}

ZFEETA47] (H1 system, Technicon, USAYS o]
$3le] FAYFH(WBC), HEFTRBC), FYi=k
(HGB), A¥+83PCV), JT4L+4¢HMCV), HF
A7 H N 2ZMCH), BF2Y2F5MCHC), 49
PLT), ¥ Z7(Lymphocyte), T34 & F( Neu-
trophil), =+7F(Monocyte), oA EA W& 72 (Eosi-
nophil), |7]2A WHF4(Basophil) 5 =AsA}
A Aksbod ot
HEMSISE HAL

AER A AQ8E FA47] (RA-XT, Technicon, USA)S
o]&sled o} EWI(ALB), alanine aminotransferase(ALT),
aspartate aminotransferase (AST), €%Fx25(BUN),
FH ~HE(CHOL), 9=GLU), &= $4=KT.B), %
A SHT.P), A2 A (triglycerides, TRIG), alkaline
phosphatase (ALP), y-glutamyl transferase(y-GT), =4
o}e] A(CREAT), <d4(CL), lactate dehydrogenase
(LDH) 5% &A3kok
Xro| EAEE Xz

Az Ny BASE H2e AP AR Svlg g
A7) FAuel dislel= ANOVAE 737 thsn|e
(Student’s t-test)S 3}y on], FAstz Q) HA Hi}sh
A ZAAtel i B RE S SAZEIR LA-
BCAT-% o]&3te] #7F thE w2 (Dunnett’s test)2
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Clofibrate Foel]l 2|3 7o AFHsle Table II
2 I vlellich clofibrate §ofF7ke] H744] AF2
xpol FAEA] W@dth ARD7NF o JarSato)
A A dstew, AI=F A e BELT gich
Al E7|2AH|

Clofibrate Foiof] 2lg 2z} F2 Ak A7) FA|») 9
W3 Table IV 2 Vol Yellth ClofibrateE Foig
T GBS 7 2 4149 FAuE g2 v st
o)A Z71ebe £ M(p<00l), A AWM= clofib-
rate?] £-3F2)EA 2 FI)39cH(p<0.01).
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Table II. Body weight of male F344 rats treated with clofib-
rate (CF) for 4 weeks

Weeks Control 0.25% CF 05% CF
0 128.04+ 6.32¢ 127.18+ 4.50 126.95+ 7.82
1 14536+ 5.75 140.79+ 4.49 133.53+ 7.79
2 164.18+ 7.17 156.48+ 5.41 14744+ 8.68
3 210.54+ 5.92 20147+ 6.61 19195+ 826
4 228.95+ 15.91 21533+ 7.11 204.15+ 7.68

*Values are expressed as means + S.D.
Clofibrate (CF) was given at a dose of 0.25 or 0.5% in diet.

Table ITI. Body weight of female F344 rats treated with clofi-
brate (CF) for 4 weeks

Weeks Control 0.25% CF 05% CF
0 103.75+ 3.64*  100.28+ 2.80 98.584+ 7.21
1 126.38+ 4.39 115.30+ 2.30 112364+ 7.29
2 134.44+ 3.87 12996+ 8.77 126.67+ 5.50
3 136.714+4.59 13483+ 481 13548+ 6,53
4 143.70+ 5.64 13792+ 4.82 13823+ 7.34

“Values are expressed as means + S.D.
Clofibrate (CF) was given at a dose of 0.25 or 0.5% in diet.

Table IV. Relative organ weights of male F344 rats treated with clofibrate (CF) for 4 weeks

Relative organ wt {(g%)

Final BW (g)

Treatment

. Liver Kidney (.+R) Adrenal gl. (L+R) Spleen Testis (L+R)

Control 250.04- 8.32° 443+ 0.12 0.93+ 0.026 0.02+ 0.01 0.23+ 0.01 1.08+ 0.02
0.25% CF 2153+ 7.11 521+ 0.16** 1.13+ 0.11** 0.02+ 0.01 0.24+ 0.01 1.24+ 0.03**
0.5% CF 204,14+ 7.68 6.234 0.23%*? 1.07+ 0.03** 0.02+ 0.00 0.24+0.01 1.324+ 0.04**

“Values are expressed as means + S.D. *Significantly different from the values of 0.25% CF at p<0.01.

**Sipnificantly different from the values of control group at p=<0.01. Clofibrate (CF) was given at a dose of 0.25% or 0.5% in diet.
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Table V. Relative organ weights of ferhale F344 rats treated with clofibrate (CF) for 4 weeks
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Treatment

Final BW (g

Relative organ wt (g%)

Liver Kidney (L+R) Adrenal gl. (L+R) Spleen Testis (L+R)
Control 153+ 5.64¢ 3.93+ 0.10 0.90+ 0.02 0.03+ 0.01 027+ 0.02 0.05+ 0.01
0.25% CF 138+ 4.82 4.36+ 0.10** 1.06+ 0.04** 0.03+0.01 0.28+ 0.01 0.07+ 0.02
05% CF 138+ 7.34 5,15+ 0.17**¢ 1.06+ 0.06%* 0.04+ 0.01 0.28+ 0.02 0.074+0.01

*Values are expressed as means + S.D. "Significantly different from the values of 0.25% CF at p<0.01.
**Significantly different from the values of control group at p<0.0l. Clofibrate (CF) was given at a dose of 0.25% or 0.5% in diet.

Table V1. Food consumption of male F344 rats treated with
clofibrate (CF) for 4 weeks

with clofibrate (CF) for 4 weeks

Table VII. Food consumption of female F344 rats treated

Food consumption rate (g/rat/day)

Food consumption rate (g/rat/day)

Weeks Weeks
Control 0.25% CF 05% CF Control 0.25% CF 0.5% CF
1 16.36+ 1.12° 15.164+ 0.35 1381+ 0.26 1 1115+ 054 999 +047 1111+ 030
2 17.89+ 1.50 16.28+ 0.44 15.88+ 0.34 2 1238+ 131 11.05+ 0.42 1141+ 044
3 16.58+ 1.52 18.55+ 0.76 19.11+ 0.69 3 9.74+ 0.72 9.99+ 0.55 11.38+ 0.67
4 18,59+ 1.62 16.66+ 0.49 1744+ 114 4 12.30+ 0.84 9.75+ 0.60 10.68 + 0.87

“Valies are expressed as means + S.D.

Clofibrate (CF) was given at a dose of 0.25 or 0.5% in diet.

Table VIII. Hematological data in male F344 rats treated with clofibrate (CF) for 4 weeks

“Values are expressed as means + S.D.

Clofibrate (CF) was given at a dose of 025% or 0.5% in diet.

Tests (units) Control 025% CF 05% CF
WBC (10*/mm®) 3444 1.955 745+ 1.874%* 743+ 1.049**
RBC (10%/mm®) 847+ 0.218 7.99+ 0.247%* 7.90+ 0.179**
HGB (g/dD) 15.1+ 0.31 14.7+ 0.37* 14.6+ 0.35**
PCV (%) 456+ 1.08 42.7+ 1.30%* 42,0+ 1.04**
MCV (fI) 53.8+ 0.59 53.54 0.50 53.1+ 0.69*
MCH (pg) 17.9+ 0.20 184+ 0.18** 18,5+ 0.18**
MCHC (g/d]) 332+ 0.34 34.5+ 0.34** 34.94 0.59**
PLT (10%/mmq) 700+ 50.8 738+ 44.9 727+ 384
Lymphocyte (10%/mm3) 2,61+ 1.516 6.02+ 1.519** 5.86+ 0.811**
Neutrophil (10%/mm?) 0.58+ 0.372 0.99+ 0.276** 1.06+ 0.217**
Monocyte (10%/mm?) 0.10+ 0.048 0.12+ 0.041 0.14+ 0.033*
Eosinophil (10%/mm?) 0.02+ 0.014 0.03-+ 0.008* 0.031 0.011**
Basophil (10%/mm?) 0.04+ 0.030 0.05+ 0.017 0.04+ 0,013

“Values are expressed as means + SD. * and **Significantly different from the control at p<0.05 and p<0.01.

Table IX. Hematological data in female F344 rats treated with clolibrate (CF) for 4 weeks

Tests (units) Control 0.25% CF 0.5% CF
WBC (10°/mm®) 4491+ 1208 6.95+ 1.370%* 6.09+ 1.317
RBC (105/mm®) 8.10+ 0.245 8.11+ 0.269** 794+ 0.207
HGB (g/dD) 15.1+ 0.45 151+ 041 14.9+ 0.37
PCV (%) 434+ 1.71 42.2+ 1.51 424+ 1.12
MCV () 53.6+ 0.97 52,0+ 0.63** 53.5+ 0.69
MCH (pg) 18.6+ 0.11 18.6+ 0.22 18.7+ 0.14
MCHC (g/dD) 34.7+ 0.69 35.8+ 0.53%* 35.04+ 0.38
PLT (10°%/mm®) 631+ 38.1 7164+ 33.9** 703+ 45.6**
Lymphocyte (10°/mm®) 349+ 1.049 5.54+ 1.107** 493+ 1.111*
Neutrophil (10°/mm® 0.704+ 0.224 0.90+ 0.180* 0.73+0.192
Monocyte (10°%/mm?) 0.12+ 0.031 0.14+ 0.038 0.14+ 0.034
Eosinophil (10°%/mm® 0.04+ 0.018 0.04+ 0.022 0.03+ 0.016
Basophil (10°/mm?) 0.02+ 0.014 0.04+ 0.019 0.05+ 0.023**

“ Values are expressed as means + S.D. * and **Significantly different from the control at p<0.05 and p<0.01.
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EA A2 Table X ¥ XIel v}elyic}. Clofibrate el
o] A P TA2HE U FARANED SHA= 7
S AIA st e, 47 A= g z4uk B
T4 Ed28HE XA f-2A43%0A Faskddoh
o =X b AL

7y, A7, vlak, 9l Balol o gt W A sk HALS 4
3) Az} 7+ A7)ol| A clofibrate F-olel] £lgF £eF 2 Ao
w2 We)z2A e e B el (Table XII).

Table X. Clinical chemistry in male F344 rats treated with
clofibrate (CF) for 4 weeks

(]

al

AL EA A o] &L 19803 o] Solel FA3
Z7)8}7] A 2telgd tiWysowski 5, 1990). o] 5 4E 2k
cholestyramine resin, cholestipol hydrochloride, clofib-
rate, gemfibrozil, niacin, acipimox, prubucol, HMG-CoA
reductase inhibitor7} ¢).2™(Thomas, 1991), ©]3 clofi-
brate= 19700dt) 2B " e 2 triglyceride

Table XI. Clinical chemistry in female F344 rats treated with
clofibrate (CF) for 4 weeks

Tests (units) Control 0.25% CF 05% CF Tests (units) Control Low high
ALB (g/dl) 3.7+ 025 414024 4.2+ 092 ALB (g/dD) 34+ 024 4.3+ 0.14* 39+ 131
ALT (U/L) 42+ 4.4 45+ 3.8 44+ 7.2 ALT (U/L) 43+ 6.3 37+ 6.3 351128
AST (U/L) 75+ 7.9 20+ 9.5 72+ 137 AST (U/L) 73+ 75 84+ 160 65+ 34.0
BUN (mg/dl) 20+ 1.3 20+ 15 21+ 2.8 BUN (mg/dl) 184+ 14 21+ 15 17+ 54
CHOL (mg/DL) 58+ 2.5 5.3+ 36* 46+ 7.7 CHOL (mg/DL) 78%8.1 81+ 4.0 62+ 18.6%*

GLU. (mg/dl) 152+ 164 176+ 26.8 154+ 28.9 GLU. (mg/dl 156+ 17.7 156+ 21.6 135+ 37.3
T.BILL (mg/dl) 06+020 0.0+ 000% 0.1+ 0.11%* TBILL. (mg/dl) 0.1+ 0.18 0.0+ 0.06 0.1+ 0.10
T.PROT. (g/dl) 6.7+038 64+041 6.4+ 0.96 TPROT. (g/dl) 58+041 765+ 0.26 55+ 1.64
TRIG. (mg/dl) 182+ 23.7 68+ 124** 65+ 19.0** TRIG. (mg/dl) 73+ 12.0 59+ 8.7 58+ 236
ALP (U/L) 509+ 374 545+ 37.8 510+ 94.6 ALP (U/L) 411+ 34.1 387+ 36,5 327+ 101.1*
GGT (U/L) 0.59+ 0.274 295+ 0.617** 1.85+ 0.280** GGT (U/L) 1.354+0.303 347+ 0545%* 1.71+ 0.433
CREAT. (mg/dl) 08+0.08 0.7+ 0.11* 0.6+ 0.14** CREAT. (mg/dl) 0.7+ 0.06 0.7+ 0.08 0.5+ 0.20**
CL (meg/l) 96+ 0.9 99427 97+ 16.3 CL (meq/D) 100+ 2.2 103+ 2.1 84+ 25.,0*
LDH (U/L) 180+ 67.2 172+ 69.2 1714+ 435 LDH (U/L) 212+ 100.8 150+ 626 157+ 146.8

*Values are expressed as means + S.D.
* and **Significantly different from the control at p<0.05 and
p<0.01.

“Values are expressed as means + S.D.
* and **Significantly different from the control at p<0.05 and
p<0.01.

Table XII. Histopathologic findings of the F344 rats treated with clofibrate (CF) for 4 weeks

No. of rats with lesions

Organs and lesions Males Females
0 0.25%CF 0.5%CF 0 0.25%CF 0.5%CF

Liver:

bile duct epithelial cell hyperplasia 2/10 3/12 2/13 2/10 3/12 3/13

perivascular lymphocytes infil. 3/10 3/12 3/13 4/10 3/12 4/13

fatty droplets deposition 2/10 0/12 0/13 3/10 1/12 0/13

focal necrosis 0/10 0/12 0/13 0/10 0/12 0/13
Kidney:

renal calcification 3/10 3/12 3/13 2/10 1/12 2/13

lymphoid cell infil. 3/10 3/12 2/12 4/10 3/12 3/12

simple cortical cyst 2/10 3/12 3/13 1/10 2/12 1/13

hydronephrosis 0/10 0/12 0/13 0/10 0/12 0/13
Spleen:

pigmentation 2/10 3/12 1/13 1/10 2/12 1/13

congestion 2/10 1/12 1713 2/10 3/12 2/13
Adrenal gland:

subcapsular spindle cell hyperplasia 2/10 2/12 3/13 2/10 312 1/13

diffuse fatty changes 2/10 1/12 1/13 1/10 1/12 2/13

The number of effective organ is expressed as denominator.
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AE Heole Type IVe} Vo nX 3 #xle] X&F
Ho o]4=¢lckSnesil, 1992). 7 247 HL 43}
A G=A oA gev} ez e o] Ak (lipop-
rotein)®] 8|5 A5y, AiAde] LAE 7HEA
7|z B o 2ol Bl sterold] WAl Erlel <A
it

=%t clofibrateX peroxisomes £7}A]7]& 242
Zva 9le] peroxisome proliferator2% #F% 2 lch
o]2]3} peroxisome proliferation 2H-§-& FxHCo2E
AAgAel Siv okt B E4FA Belx gk
o]E getEale F5H o2 AYEFE 7 X2 peroxi-
some-& A7) Ago] glerm, ¥HAH 549 7
1hot-2 2 (nongenotoxic hepatocarcinogen)® ¢#* 9l
on g ATFAES T dide] A1 leHKluwe
£ 1983; Numoto =, 1984; Mochizuki 5, 1982, 1983;
Moore ¢} Kitagawa, 1986; Popp %, 1985; Rao%} Reddy,
1987b; Reddy =, 1980; Reddy®} Rao, 1977; Reddy<}
Lalwani, 1983; Reddy$} Qureshi, 1979; Ward %, 1983,
1986; Williams £, 1987). Z A G ZXFAE 2ol oF
B39 @& 7} peroxisome proliferatione] 715&
7R3 ek 19700t WHOS] ®.wef 2jsbH clofib-
rates T4 RAEF T3 Grdel MY P F gl
o3} APEe] Erhm Ruselrh =t clofibrated o
=9} whg-2of) Ar|H o T3 g W W U
FetichReddy 5, 1980). o1& wlfdl SAHEAY
% Z|ES] WtERY RolF HIA e P o
HWYE $7HA171e promoterZ JAHT Sl Mochi-
zuki 5, 1982).

AHAQ) FA5HE 2 dEA(genotoxic carci-
nogen)e] DNA¢| 24 uk3she= ZFA= 2 peroxi-
some proliferatore= DNA €At Hg&Hql daxde
9127 (Goel 5, 1985; Gupta 5, 1985; Von Daniken
5, 1984), =3} peroxisome proliferatore U¥H o2
o}4== Salmonellad E-FE-dWolA g (Glanert %5,
1984; Kozumbo 5, 1982), 2vfjod YA wghE-A) A & (sis-
ter chromatid exchange, SCE)(Linainmma, 1984; Phi-
lips 5, 1984), lymphocyte replication test(Warren =,
1980)ell A bR FAFAS A 4 Aoz ¥
a5}

Peroxisome proliferator®] 23}t7) R o] disjs= o4
2] ¢¥gker}), Reddy®} Lalwani(1983)& peroxisomal
B-oxidation®] F7}ell 7]«1dF F}aksA(hydrogen pe-
roxide)?] A=} Eele] EFAor HUE A &
Aol 7 dieks fbdd 4 gloka Alskstsich clofib-
rate?] A715e} F bFgF A A FAlslrae
Z7KElliot %, 1986), lipofuscin®] Z~HLalwani %, 19
81), hydroxy @ltjzte]l Z7HElliot 5, 1986) % DNA
&AHFahl 5, 1984)5-2 ©] 7HdS A& e A
2l Azgke). =3k k43R 9l ethoxyquin®} butylated

hydroxyanisole< clofibrateol] ojs] = =sHx=o] 7k&
o TS Aok st ciRao 5, 1984).

gtd Wistargl =) clofibrate(0.25%) %= DEHP(2%)
2 5258} 78F-F¢ F9% F ud hIgAE 3
AR FEopgend, 7k F9o] WAl E= Fischer 344
o 4]e] B.e)E hepatic peroxisomal f-oxidation, =4}
gepie] ek 5o Asty ALge] W frabg
A= ¥ g eiTamura 5, 1990). ¢]& peroxisome pro-
liferatorel] €}gt zbitete} 7)1-e) peroxisomal FHArEF
Aol & ok Az} FHelgrln AzHE), o] AF pe-
roxisome proliferatorel] 2]§} 7FEoke] w2 t}oksHA|
veldokKluwe 5, 1985; Reddy 5, 1980; Tomaszew-
ski %=, 1986). Clofibrate(Svoboda#l Azarnoff, 1979)%}
DEHP(Kluwe 5,1985)& 94l LA 2718
o o7}, bezafibrated) ZAS$dE HHI Fr7l= el
WA ergttHFahimi 5, 1982).

Clofibrate Fo]Z <13t XAl HI= ¢ BF
71RA 7L 42 @M o2 Frksln o] peroxisome
gl SER®] Z24]o|A 7]alEe e g Ru=la glvHTa-
naka =, 1992). Peroxisome proliferationel] 3¢ 4 X5
shikeraba]e BEA Q) sbtElr]go] Fefgichi shgv)
(Reddy#} Lalwani, 1983). Clofibrate2] zhietz|x-e
A Ab we dbek-fte] = x| 9ke ZHA| E(normal or unini-
tiated hepatocytes) %412 JAlsta, ApUA R et
gl b4 E(initiated hepatocytes)] F2}& 318}
Aeizql WA sy HTe A= Frte] wiep
7¥Eeke) whAlo] Zrlehe Ao g XA gleiCattley
%, 1991; Tanaka 5, 1992).

o] zhidotEAs Tr)d HEsle ARAR
y-glutamyl transpeptidase (3-GT)Rao 5, 1982) =+
GST-P(Ito =, 1988)<] &3 peroxisome proliferatorei]
ofs} fid AshEie AEHA) Qe AoE oA
oitk. Clofibratee] 2]3F GST-P oF4 4l wHde] &
Agh Ak 71 WS 7H B2 oleAldA 244
(eosinophilic foci)2] 3 A d{phenotyphic alteration)ei]
71918k} shdch(Hasegawa S, 1994), whaba o 241
A Z2M A4 GST-P Hoz=As1ea -GT 24zA
slatel] thele] 9FAINM-E Rolv], J7]E A F4 4 (ba-
sophilic foci)X.t} peroxisome proliferator ot ol gk
A2 gdols NEQAZ Y=

Peroxisome proliferator= ¥ o]s14jo]i}
Vel A= ofow], whekgaidk gl Z iAol
Al BolATRE H9 Be FHE ¢

Zo
=

rr
s, N
ﬁg’oﬁ.}for}ﬂog
> lo |t lo me

X

424 UcHGreaves F, 1986). weba] ®]H3
peroxisome proliferator7} o]®A 7FEFS g

U=A7F & FAlebr A2}

Clofibrate(Rao2} Reddy, 1987a), WY-14,643(Farber,
1992), 2l3 ciprofibrate (Moore$} Kitagawa, 1986;
Reddy$} Qureshi, 1979)= 7} wo|Z4lie} 7hgoks.



18 Ja Young Jeong et &/,

Jogin, ofEA A FHENL e WIdEY S A
Eoldo g vjehle Z7HSHearly changes)gle] 24
T Fokg sty 7R e ZhdstdT) AE
Z3}s) ¥, peroxisome proliferators ¥ 3F3le] DLE
Bl FASA wEA e 7oA Ve o dv)
ozl ofol & Folely AZatHGreaves 5, 1986).

vl ASA 4SS A% 5 e A AEYS
st slo] olx] dow, uietA el fF-ggL Av] el
Algde] frd 't ubgelatal lsivhReddy 5, 1992). &
peroxisome proliferatoriz A7) A Algi ol A gtA
okre) 9JZEB2 g8 TE peroxisome proliferators 7}
wekad o] 7l5A(potential of hepatocarcinogen)e] ¢ich
I FAstHx Fuksloks sl thReddy 5, 1992).

B a7 A B22 A9 clofibratel 37
HhokAd AJf-E Ysfol= WA FAdoloiet ta, 2t
E2AA7Y] 7} AE4E A folsid, EF AY
Aboll W3 FAde] He FAeolojop gty A7t <
B2 7HA)E24] peroxisome proliferations] €)%k 7
L2 AzrEl= Zhelg] 7ol YdlE o A it
EAL BuEe) o)A vk AYFEE)| clofibrateE #
717F Fod ¥ wf umesfof & AR FEFo e 4
o]} A7 FeA] Apakgo] ofol e olzdt HS
clofibrates ®% wtE3ste FAo)aba A 25kch, clofib-
rates & Q72T el A9} Zo] debgakal 0.25% % 0.5
% mE A AN elslelE Fol@ welzaa
A7Le aAE 2] @tk Tanaka 5, 1992). $3F &7AH
s 7P E£9 peroxisome 2 SER Z4 o] <3k
ZHAZ Y wide} Hele] ol Ao ALRHcHReddys}
Lalwani, 1983).

g Zaggel  F9E-(WBC), HIET4
(RBC), €M 4-3KHGB), H¥14=(PCV), FFHdT£
AMCV), AFHETENAEMCH), d7dNr5%
(MCHC), @49(PLT), ¥Z7(lymphocyte), Z3 4
wl & (neutrophil), W-7F(monocyte), o] e.A1F A =i
& F-<F(eosinophil), Y7154 = &-F<=(basophil) Fol| 4
ASHes eldo] glen), AgsHoz ofn)r)
e oAl SAAE obr 2R HAHYE
hgieh WAAS A4} P8 o282 (choles-
tero)# FTAAR AL F P=ox L EHCT f-
AglE HaE Jebdoh =q gk g 934835
a4 ZAAl AR AR 7F HAY xFEAel ALT,
AST ZA Ao wWstz} fAHA dofch ZHAES] pero-
xisome ¥ SER® 4 ##3slr] Hsld= HApE]

S o] 8% A EY Zw|AFE Frabe] HasluHRe-
ddy2} Lalwani, 1983).

2 A7dne ey zh A%, 9, 283
FAl SollA] wiEekA wie] WeElaAgd HAM) &
Z)gct. B3] AA9 HeA SN T 4
) A 2H(renal mineralization)Z71-& o okylr} == F344

Pz FAH-Q g4lelztzm AzgckIwata 5, 1986).
gog ol#ld ZAE AN AP FAY
A HE A77F AedEolor § ey Arer)

2 AgolA ERAEEA Aol FAR AL 214
o} albumin®| £7}, &%) Z4+E 0.05%, 1.25%2] clofi-
brateE FI§ 7|&9 By}l X3¢ Powanda =,
1976).

B dATE A9t AFd e FREA iy A
FES o]4% Ay A AEWE g sty
AR vlA54 2PderE2 9 clofibrated)] thgl 4537
AT olgAdEANE 4 Y 2R ez A
7teEv], Skl o] Al ZREAN] 717 QAo

ZAtel 2

2 ATE 190395 e AEI) LA
o2 s “HFAY Y ATAA"Y TAR
uiek
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