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ABSTRACT: This study was carried out to investigate the
various factors on induction of experimental hepatocar-
cinogenesis in Sprauge-Dawley rats. The experimental
animals were divided into three Experiment. Experiment |,
I and Il were began rats with initial age of 6, 16 and
55 weeks, respectively. All Experiment were injected in-
traperitoneal with diethylnitrosamine (DENA; 200 mg/kg)
as an initiator and group 3, 4 of Experiment I, Il and IlII were
fed on diet containing 0.02% 2-acetylaminofluorene (2-AFF)
as a promoter for 6 weeks. Three weeks after two-thirds
partial hepatectomy was performed in group 2, 4 of
Experiment | & Il and group 3 of Experiment Ill. All rats of
Experimental group were sacrificed for observation at 45
weeks after onset of Experiment. For quantitative analysis,
the number & area of neoplastic lesions in the livers were
measured with a Color Video Image Analyzer.

The results obtained were summarized as follows:

Decrease of the mean body weight & daily feed intakes
caused by neoplastic lesions began at 40 weeks. Altered cell
foci and neoplastic nodules of the rats treated with DENA
alone persisted for 45 weeks period. The addtion of 2-AAF
to the diet after administration of DENA enhanced per-
sistance of altered foci or neoplastic nodules and increased
the incidence of liver tumours to 58% (Experiment 1ll) ~ 100
% (Experiment I). Partial hepatectomy plays an important role
in the initiation or promotion of liver carcinogenesis by
DENA and 2-AAF. Four different hepatoma, that is hepato-
cellular carcinoma, cholangioma, cholangiocellular carci-
noma and vascular tumours, were seen in rats. Especially
pseudoglandular type of the hepatocellular carcinoma and
cystic type of the cholangioma were higher than other patte-
rns. Lung metasatsis were seen in rats that received the carci-
nogen plus partial hepatectomy independent of age.
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crore] g MAHOE Ao met @ Aolvk hehta gled, B obAloht ohxzels Mo e
13%, A3 o= 05% (Williams, 1980) 0l o] 27171%] theksit}. 53] o LSS Hole U
ol gedel wagol A8 F715ka o, WA o Ae] AL Bt el A 2:1
o} 3124 A sk A%E 1oln AUt (Rudon, 1987). E3k Selupetol A 7heke] wHgo] 27}
she Fa0) glof 1eke] @ FRshtha shlch

Pk 2o ol 9] ZIFe ARG S4o] AF 74T fAEE, H3 AEE qAHow

A kot sl d o 2 gt 7hete] Z 28 “”O] H A d=]dhch= AL (Newberne, 1985) 7,
318HA TPEAE o83ty i 4 e Y 2ATH ol MY oFE(Hepatocellular
¢t% (Cholangiocellular carcinoma), M ¥#Z (Vascular

carcinoma), @ #% (Cholangioma), oA ¥
oF3

tumour) “LE]3l #F (sarcoma) Fo & thFsts] Wil 1hete] v Aol APEERAM ZWA o]

853 ek,

et Y= o) A Zhohe 11 A&l 9lof M F7kol Aol A, thek 1~3%Z 9 {28}
(Russell's, 1987;) Eu7]o] oy w7ie)7] aho] (ioke] 7| Ay, ahebd 17 W 2w ool
”“ﬂﬂﬁgmﬁ“”“4@%@ﬂﬂﬂﬂ@§ﬂ@%@? %}ﬂa&qH&HOHﬂmomq

Z9A Al =5 gloh dEgHoez Fubazl kel 719
o-aminoazotoluene (AAT)S HEA|A FHE2Z 4E &+
p-dimethylaminoazobenzene (DAB) o] AATH T} 1] o Wb & 7PR)a1 gliz 210 B stgen, o
FH APMAYE BaEdok A B H¥EAel gers fud £ e sEgERsse
Diethylnitrosamine(DENA; Rabes%, 1972), Dimethylnitrosamine (DMN; Magee %5, 1956), 2-
Acetylaminofluorene (Perainog, 1975), 3'-methyl-4(dimethylmaino)azobenzene(Farber, 1955) o]
Ao, Mg W R fHkslA] ¥shu, &3A1A i B8 ZE Phenobarbital (Ito 5, 1986),
Estrogenic steroids (Goldfarb, 1976), Dichlordiphenyitrichloroethane (DDT; Peraino &, 1975) 18|11
Capsaicin (% %, 1988)-50] Hii5lo] 3th 019}0115 HWHAFA (Cairns, 1981), Hepatitis B Virus

£ 19354 Sasaki®} Yoshidazb 744 2 1 5}ol
Els ‘Pv'tﬂ Aasbge) s1#E 19379 Kinosita:

(Leuschner %, 1988), ¢l AJAarE-¢]l T3go] =2 Aflatoxin B3} A8 %4 (Millers} Miller, 1976),
54 (Tsuda 5, 1984) 2 7+&Z(Belamaric, 1973) Sol] thal A] HigkA] s ol E 212k L0] B 1% o]
Uom, ol Edo| the Uty B E o wE 7|3 oFE, FAL AlE, f1lu A 20154 7heEn

(Cairns, 1981), o] B2 Py Fzilzs] A gl

4, 318 A wgto] fElE V) 79°ﬂ HF ATEE -‘743?—94 et ol A 1941 RousS9- 297 ol &
(Two-step theory)-S B3tk & E7]9] Ao tarE 28 A7) BAE H297 (Initiation stage)
FTHEEE A7 98t AAE dE AE S F09A (Promotion stage) & §0]5 247 2808
ARgardTh 1% 9 7of ghahA fuketel Al A+t (Boutwell, 1964) 74 whatbe] 27 o] 8- giury
siFa Qler, ojejdlw M¥e] SATAVE ads B sttt (Goldfarb, 1961). 3 o] 9}
THAlo] &o] 7he 8}8hA whebslolw A& gtk Aol B Hdtk (Tsuda 5, 1984).

358 Aol A olz]gh 26kA o]9fol A9 3 33424 (Berenblumg, 1979) ojgt+= Zlo] Hasiy, &
wa 70 4G ZEA7) 7] A3 A K, F R E AAlE (Hasegawa s, 1986), ML HAL 2 XS

]
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(Solt5, 1983)e] HAZ 7|7kl WRAI=W, o]&gh 747te] dAlE Xt A= 518 fdote
oAl o] 2 (Multi-step theory)o] A H =t (Nowell, 1986; Williams$} Weisburger, 1986; Farber,
1984).

ofefzro] A3 A {uhqhe] 2t vhA| 8} 71 Ho| B A A Fr o] & A7)0, B2 7HEe] WA o
ofsf, &gt FEE AT AR A7 A= FATt (TtoF, 1980; Solt9} Farber, 1976).

& fasted ol F43 TS A 8905 hte w59 dAHelg ¥ 4

ALk Urrog okl whA Ao 2 A 2l &3o] AR Wi s vl thdeht
(Anisimov, 1981), 818t 0 & {A 7] 2ol| oM F3FE M A= 59 Ado) Ud s 43
we giide] =lo] 23181tk £ Petos (1975)-& 31&H4 o a 59 AR tte F @A S-S Hsdy,
Lol & wRollA] 318 diqte] whalo] =7} ®oke B (Ward%, 1988; Anisimov, 1981) ¢} o] 9b+=
W 2 &3o] Ado] &7 4 JFuE = 4ol Wold} (Drew—o‘—, 1983; Williams £} Weisburger,
1986) = 5ol Z42te) F7ol slzte]x e Aot

mebs] B AFd e el AE g E24 apdellAe] o, A W X ad T
daghAre] S HEAI EH o 3183 ek fiel dFE ulA vheAdol e B4 805 S
HEIA A 7FAAM 7HE & 73kl o E ko] & B E YEhg TS ol e RdEES A4
szl L HF o]

AEHEE

AMgriahn A% A8 e 8 BE Sprague-Dawley % @iz 558, 16558 18] 545% g 24zt
60| # Eo yro} ‘P%ﬁﬁiq 1553 A 8740 #8 317 918ta] duAlRAIZ & Bsidn
A= 673 (A5 9 120~150 ) 3 1654 = (M358 9Y,; 390~460 g) & zHzt 50ule] A, -18]a

5558 J(AFRS: 450~520 g) & 40vtE] Fat A3l A&tk

R Abg Bod AVIE AR 848 23120, FUEE 60£10%S FAI3H AL, A x)shel| A
g A Vbl Ha B4E 27 7 =8 Aolx] (Polycarbonate, 26 X24X18 cm) ol 6575 7} 16
FH zbz} 3upely, g3 5558 e 2ule]H £4-3k4th

HEEEE Athﬂ%*h@) v Ay E e}, BUALE(6FT 22 BF Fo7)7H &AM T, A5
AAEHA FEst gadatdon, dEyol vk wlES 93l wjd FEA 7

Ay [ M 6732 AEE ARESIF o, A oM 16539 =8 aela AY Mo AE 55

FEol g 2zt A2kt 9, 49 [# 119 fiee B5 plvez A L A 228 A3
Mo R Wrglom (Fig 1, Zt 48 MAFe BE Y=o Ag MAde 7433 7&& FHEER
2 2 Diethylnitrosamine (DENA, Sigma Chemical Co., USA)-& Mg} 240 &3] A
mg® HZH=E 13 £ 3t} (Solte} Farber, 1976). 2t Ao A 17 HEF G Y 45574 &
WHE-H 2l DENARH Ag7Al ol BFAL 8kl o} A X gle] 7| Z2ALE T FAIIF o2, & 370
T 4 dzToz 4P Al 27 AANAN(DENA Fo) 3350 1histe] S%-¢ 9l3td A=
7+e) 2/3 (67%, #5548 2 BS99 E A (Higgins®} Anderson 1931) &le] E£0 24 4k A| 71
TR-EAA7E el ol| Fak-g vl X=X & golr el Al 3-8 AHMA A 2558 85717 655
Fate A re] Aey S48 9o, 7kt 2B Q] 2-Acetylaminofluorene (2-AAF, Sigma Chemical
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Fig. 1. Design of experiment I*, II** and II[***,

{ DENA : Diethylnitrosoammine 200 mg/kg BW., LP.

| PH : 67% Partial hepatectomy
S{ ) : No. of sacrificed animals
a) : Group 2 was omitted in Experimment III

[ 1 : Basal diet
[@ = m] : Basal diet containing 0.02% 2-Acetylaminofiuorene
* . Initial age of experimental rats was 6 weeks old
: Initial age of experimental rats was 16 weeks old
: Initial age of experimental rats was 55 weeks old
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22919 (right lateral lobe) 2 v]*4<] (cauudate lobe)
% o2 RE Mol® Hag dolr 7] 3t 414, 5, v,
AEelel 22.g A 2~3 mm FAZ &t 10% phosphate buffered
FA9l wtetd MHE vHEo] Hematoxylin 2 Eosin 948 o] Hulg 3
g = P o) &7 mucin®] EAAR 5 271 sk PAS(Periodic
Acid-Shiff reaction) S sl WS Warsbg ok B E 7hekyl HMotAlwwe] ok B MG Q]3]
Color Video Immage Analyzer (Cambndge Instrument, Q520) & o}&3to] al b gwiwie] o}
HAS AHAbshdh

Xzl SAHIXM

Stuudent’s t-test & o] -8-3lo] HHARKE Y27 Aopx e} v, Ak A 5 st &3]
5% (p<0.05), 1% (p<0.01) & 0.1% (p<0.001) 2] FZA #2448 @Btk

=
MBS W ARMHE
A (19 A9 Mo A+ 7k §3-8 A9 DENAY-of 9} 7H8 dA4, “12]531 2-AAF Foje oz
Adzx71o) A AFe 24 (Fig 3, 4)~ Hoji glont, é‘ g oM AFE7 29 73 Hs
B 2k g19lY (Fig 2).
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Fig. 2. Mean body weight changes of the 6 weeka old rats of Experiment [
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218 o M= 205744) ] 2|2} BAIglo] A& AR A5 F7HE BAou 11 Foll& =A% F7H&ol
e E 7} 4072 AR AAXN TN AFe) A28 24t (Fig 2). 48 1¢} Tl e 3574
Azo] T3 2 HYow, IF 40F7ARE FAX LA ALA] AFFTHE e, 407
olZE A AFHA A4 Rl (Fig 3, 4).

19 BFAE AFae go 2ddAe foate AAHA FuTh

3
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Fig. 3. Mean body weight changes of the 16 weeka old rats of Experiment IL
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Fig. 4. Mean body weight changes of the 55 weeks old rats of Experiment Il
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Photo 1. Gross finding of multiple hepatoma. Photo 2. Gross finding of multiple hepatomna.
Note vellowish-white or greyish-white tumour Note yellowish-white or greyish-white tumour
masses of irregulary protuberant. DENA & 2-AAF masses of irregulary protuberant. DENA & 2-AAF

treatmnt. treatment in hepatectomized rat.

Photo 3. Cut surface of hepatdma of different Photo 4. Grosé finding of multiple ;nassé of

sizes separated from surrounding liver tissue or kidney. DENA & 2-AAF treatment in
not. DENA and 2-AAF treatment. hepatectomized rat.
G ’

Photo 5. Hyperplastic nodule composed of proliferating hepatocy-
tes. Most components of the normal liver architecture are retaind and
there is compression of surrounding parenchyma. DENA alone treat-
ment. H&E; X40.



Photo 6. Magnification of cells within the hyper-
plastic nodule showing marked polymorphism of
the neoplastic hepatocytes. DENA  alone
treatment. H&E; X 200.

Photo 8. Pseudoglandular type of the
hepatocellular carcinoma. Note different size of
the gland-like structure. DENA & 2-AAF treatment
in hepatectomized rat. H&E; X 100.

Photo 7. Well-differentiated  hepatocellular
carcinoma composed of trabeculae, one to two
cells thick, separated by dilated sinusoidal spaces
DENA & 2-AAF treatment. H&E; X100.

9

Photo 9. Cystic cholangioma consisting of cystic
structures, with varying greatly in diameter, lined
by exetremly flattened epithelial cells. DENA & 2-
AAF treatment in hepatectommized rat. H&E; X
100.
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Photo 10. Cholangiocellular carcinoma showing
glannds lined by a single layer of neoplastic
epithelial cells. DENA & 2-AAF treatment in
hepatectomized rat. H&E; X 100.

Photo 12. Macroscopic findings of pulmonary
metastasis of a hepatocellular carcinoma. Note a
number of small or large tumour masses in the
thoracic cavity. DENA & 2-AAF treatment in
hepatectomized rat.

Photo 11. Vascular tumour formed by liver cell
cords penetrated into the vascular lumen. Within
the lumina of the vessel neoplastic endothelial
cells can be seen. DENA & 2-AAF treatment in
hepatectomized rat. H&E; X 100.

13

Photo

metastasis of a
hepatocellular carcinoma. Within the lumina of the
alveoli neoplastic hepatic cells can be seen. DENA
& 2-AAF treatment in hepatectomized rat. H&E;
X 200.

13. Pﬁmonary



Table 1. Mortality and Liver/Body Weight Ratio
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Mortality Final Liver Final Body Liver/Body

Treat- (%) Weight (g) Weight (g) Weight (%)
ment

EI EIl EIll El Ell EIll El ENl EIll El Ell EIl
DB 1/10 1/10 2/10 178 10.7* 128* 5774 4393 4689 308 233* 260

a)/b} +15 +01 08 149 +442 +286 +03 +01 +03
DPB  2/10 0/10 - 217 11.6* - 5755 4730 - 375 233*

+14 10 +268 +37.3 +04 +0.1

DAB 3/15 6/15 7/15 160 146 121* 461.1**4279 4640 338 3.13***2.60**
+14 23 +15 267 +384 404 +03 +02 <01
DPAB 5/15 5/15 8/15 30.8***16.2* 14.1** 539.1 4412 4569 6.11* 356* 3.12**
+20 +16 +15 +404 +263 £318 +£03 +05 +08

Each values are mean+S.D.
/Not examined

L.
=

. Initial No. of experiment
b) : No. of dead animal
D : DENA 200 mg/kg BW., LP. at onset of experiment
P : 67% partial hepatectomy at 3 weeks of experiment
B : Basal diet
A : Basal diet containing 0.02% 2-AAF for 6 weeks
El : Experiment [, Ell: Experiment I, EIIl: Experiment III
*

: Significantly different (p<0.01) from Experiment |
. Significantly different (p<0.001) from Experiment I
*** . Significantly different (p<0.001) from DENA—BASAL treated group

il *rﬁ% °ﬂ*1 Z4°“éf§‘ﬂ9— Al 1k Al 2ol A, Tefar ghere Al 3w A 4ol A FEio] wE

Wyom SA, EE 94 ZNAER FBSBA o
A
4

2tk 2 -@ﬂol oA 27 9 A NS AFA71EA, AT Fad 0ge des
271 cersbl Uehstew, thid oz Abale ol o) #AEIAT (Photo 5). 58 344 AER
FAEo] Qe A4 W) AXES YR 8 ool FAWA AL UVt FERGS b,

A A EHTE A4 2 548 B9} (Photo 6). 38 ¥ =8H Ed5w 294 4o 4
ME= Z717F geke, o] dee} Av)e vnA At w3 gade] 2ryweldal &
Qe gahaluls 8 x|o] ZAEgon, gateke] 7S 2 2% (cystic-like) 2 wHS-3kg ) o]
WAS FAste EUAEE s A8 /s b d9ydaz 74 wol Atk (Photo 10).

B AyoA sk ek Ak delege (x HEE, HHAZ oFE % HaFo|dtt
(Table 3). o5 7}7toll theh Z28h4 48 HAE S trabecular type<} pseudoglandular
type (adenohepatoma) ©.2 ¥#E]¢ich, Trabecular typers thalH o2 1~2709] ZUdM X9 cords®
trabecular® 43t (Photo 7), A3 1+ F27F A4 ek g4, 279 Hole
dort, Aol mgtdoz i IAaHoz FEAE: S #AY + AT (Photo 7).
Pseudoglandular type2 thekdtAl 5319 trabeculr type®] FAAMES} WA A HAHHY gldow,
trabecular 27} FaH o2 WHst] Wolrt chekdt WS 7 A 7x7F #EHAA (Photo
8).
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H#F-2 simple type¥} cystic type . 2 #H2E|glon], o|5o] A eA FHMEEL A FAIEATL
©A cystic typeoll A 4729 W‘ol "A s o] ttehbeE 2ke]H o] 913t (Photo 9).

GHAE AES TSI A ES A2 e}, A7l A EolE Bolx g Aoz RFEHUG
(Photo 10). GlandE FA3k= Lﬁwﬂzk— cuboidaloll A cylindricalol]l o]27] 712 thebslt A& o o
ZAEZ o]FoA flon, =EAI= Wil PAS-positived mucusE #2E + At 3H 3184
o2 FHAIFY] o]l HoR el e Wdes AFEJAT ol B dn A A7 dd 4
A FL He g S FEAE 7 Aded, 1 AANE FA s Sovkn T A EE F4U s
AEEch A #AYsla, F ALAE /b Y3 Jehl ook &8 i oM E2 & a4e 5
B3 Eo] A=, BNl EAsl= A% #3EHAUT) (Photo 11).

Aero @ FE wold groi= Hel A BEY 4 AT (Table 3). F s=x7 ol A $Hd (HaE 9
FHadg Bad 4 AAnt (Photo 13).

2)&- Table 29} 7},
A Al 1ol ek debde] Fu fojol AAgot, HEg duyd 49
[MANA #-2 Fofd (p<0.01) o] A Ak A Aol thstodi= HAZ frolaE
(p<000D oz H9 oA w7 Jetsteh Al 4300 WAl glojAe 2y 19 fro)fie] dA3s w4
(p<0.001) <AFAEA2, 2R AUl e A M 24g I ¥8ke] f-ol4we] v ($<0.001)
b S & 4 Qdsleh

LR AA Froll A abA sk ghebat Aok Edel dig W8-S Fig 5 JERASITh A 2o A

Table 2. Number and Total Area of Neoplastic Lesions

Effective No. of Neoplastic Total Area of Neoplastic
Treat- No. of Rat Lesions/Liver(cm?) Lesions(mm?)/Liver(cm?)
ment
El Ell EIll El Ell EIll El EIl EIl
DB 9 9 8 223 226 186 061 0.59 0.88**
+3.75 +351 +2.57 +0.13 +0.14 +0.17
DP 9 10 . 45.5%** 274 . 4.14*** 0.69
+8.52 +5.59 +0.8 +0.17
DAB 12 9 8 55.7 54.8 32.7*** 6.76*** 246 0.90
+9.31 +9.77 +8.12 +1.2 +0.9 +0.1
DPAB 10 10 7 23.3%** 509 324 18.71*** 5.06 6.89*
+1.37 +9.46 +5.67 +19 +0.2 +0.8

Each values are mean+S.D.
: Not examined

D : DENA 200 mg/kg BW., LP. at onset of experiment

P : 67% partial hepatectomy at 3 weeks of experiment

B : Basal diet

A : Basal diet containing 0.02% 2-AAF for 6 weeks

El : Experiment I, Ell: Experiment Il, Elll: Experiment III

* : Significantly different (p<0.01) from Experiment II

. Significantly different (p<0.01) from other two Experiments

: Significantly different {p<0.001) from other two Experiments
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Fig. 5. Ratio of neoplastic and hepatoma area/total liver.

Experiment [: Initial age of experimental rats was 6 weeks old
Experiment II: Initial age of experimental rats was 16 weeks old
Experiment III: Initial age of experimental rats was 55 weeks old
N: Not examined

a): Significantly different (p<0.001) for Experiment Il & III

b): Significantly different (p<0.001) for Experiment III

Aol oA AF 1A A 17 Astd A3 &4 (p<0.001) HEbES & 4 AU 53], A
[e] A 4ol A 89%0 Edh= Hre] Hule] ¥d st

2tetel wug W TN B

Zhzte] AT M XA wAE rete] A& 1 22 EA Fe= Table 39 2ok

7rebe] Al gL v A vetted A9 LI Zela A 119 A 474 242} 100%, 90% 1812
85.7%0 o122 AE ¢ 4 Uch A AN Bl wA A 377 A 47 tah A EY daY ol
A UEhG Ag BEYE £ AT

B Ao 3 7tde] 23 8A gelo] BiRE AHEW, M EYE (Hepatocellular carcinoma),
3 #E (Cholangioma), B34 £ ¢+% (Cholangiocellular carcinoma), 18] 3 W% (Vascular tumour)

ojgtt. B3] 7hH EEol| M= pseudoglandular type, 28] 11 E#E 9] 79 cystic typed] WA o]
UL, FUAE BFY Apole 2 [ 19 A 47tolM feldo] =4 (p<0.001) vreRgth =8
HF2 A [ oM A 45 AL, A8 MM A 3T 4704 2+2} 8 7 # ol A
A =9

mﬁ& J% Hir O‘H
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Table 3. Type of Hepatoma and Metastasis

[ I I

Experiment B

Treatment DB DPB DAB DPAB DB DPB DAB DPAB DB DPB DAB DPAR
Effective No. 9 9 12 10 9 10 9 10 8 . 8 7
of rats.

Liver tumors 2 4 7 10 1 4 5 6 2 . 4 4

{No. of incidence)
Neoplastic lesions

Clear cell 8 9 12 10 5 7 9 10 8 . 8 7
Eosinophilic 7 9 12 10 7 7 8 10 7 . 8 7
Basophilic 7 8 12 10 8 8 9 10 8 . 8 7
Hepatoma
Hepatocellular carcinoma
trabecular type 0 3 5 7 1 4 3 4 1 . 2 2
pseudoglandular 2 3 7 8 0 4 5 6 6 . 4 4
type
Cholangioma
simpletype 0 0 5 5 1 3 3 3 4 3 4
cystic type 0 3 6 10 1 4 5 6 7 . 4 3
Cholangiocellulr 0 1 5 10 0 2 4 6 4 . 3 4
carcinoma
Vascular tumors 0 0 0 2 0 0 0 3 0 . 1 1
Lung tumors
Metastasis 0 0 1 3 0 0 0 2 0 . 1 3

: Not examined

: DENA 200 mg/kg BW., LP. at onset of experiment
. 67% partial hepatectomy at 3 weeks of experiment
. Basal diet

. Basal diet containing 0.02% 2-AAF for 6 weeks

> 0o .

pa

el s ad, Bu|, A4, 4, @Az, 3§, s ag gARe 2 2848 F
7S wela Q1) Wiihell W FUhehe AEA 9 Qb of ot HrhelA] 2 tdd £

A odBE zAlE7] 9ste] BEAZA (ME dds] Fasidn @ F ok dAR
International Agency for Research on Cancero] H.al (IARC, 1972-1985) 0 2|3t A EE oA wet
k2 65*/] % 1 5ol 4] 52%) alEsl: & *‘ol he AR FEEA

Al o]

| (Pitot, 1989) Ql¢tel Aok Ao} AAAFE o) g3 ke 7H“'L°ﬂ B 4 % LEaAR R
= 4 g Zoju) Y=o Aol Fold AR AL GST-p(Sato, 1988) = R FE deol AEHm
9«“1, t]-9-7] Enjge AbAL siuol o] GStpet, Aol A AR MY Aae GST-noJH] o]

oA Alzrel ofe] A lolA Mok siElar hWWlel AEBA g€ vFEAS AAME R o
(Niitsus, 1989; Sato, 1988). 3}-8+7] wheto. ol o 7 bt 237 Je)u A EFA A& £33 13
GHAE AXAEA FHEE Aoz o Aa Iok(Pitot, 1989; Williamse} Weisburger, 1986; Nowell,
1986).

2



ZEgtell ol R dAE g3Ede] AFHoE R FEste AR, MnE F AT =2
= 7 sk, AEF o] B3] dojuhs oA I fikge] F& 2o E Bl (Columbanod, 1981)
H1 ok 8 FXdAE fFadAd dold dAEZA, fdd AETe) F4g rtdFer ;‘7“1?4
F(Tatematsus, 1980), 32 TH o] HAI(Krieks, 1984)0] G4 71 Aol 2AH A X
1849 N&AQ T oEsle] YeEhFTH(Solts, 1977). whekr B A7ole 283 et &
E29 DENAE 49 7/fA Ao Bl ALE-#F (nonnecrogenic dose) & & °Hi=1 Z 200 mg/kg-/l g (Solt
1983) 2.2 13] B7h) Fof (Pitot, 1977; Scherer 5, 1976) & stQaL, o]9) A R-& F21517]9 8], &

JEE2E 2-AAFE A 548 fdshAl @il £3&8 wolv &2 002% (Solt 5 1972
At 1% 3ste 65 A3 Ed], o] VZte] fuE METY FHA wldol o] Y E
(Kriek %, 1984), 2252158 & 204 sl Aoz d#A v} (Tatematsug, 1987). L3 3
A 0] FEES At MEZADAZE T3, £ A7 M e o] & 95t A H R 67% 7&—‘%—1‘%
AAES 3T el F48 @aatA slF=U T (Solt e} Farber, 1976; Scherer 2 Emmelot, 1976). TEthe
Mol g g HAPE o2 CClL T2 MR FALE f83td B4 S48 2=
(SoltF, 1983) A& FHsh ATHIE Uth o]hzre] Hehe {E317] 948 x| £zlzhy,
A FAE vrEo] FH APTE QAN Eete g FEs7171x19] 78 dA7E a5 (Pitot,
1989; Tatematsu 5, 1987; Williams9} Weisbruger 1986). &, A8 gA| oA H =)= HAEL §H%}9)

mSEr

o

Hol7b EvtdH o2 dojuty, xpaj Ao g opdFeko 2 AMEY, F2H Ao Ao sy
T e 5ES e GAE dehe Ao, UAle FoFEE A Aj7ke] Yo Ao Byt
A tH(Pitot, 1989; Nowell, 1986; Farber, 1984).

Zhzkel AR Mo e AFASES Hunn, 49 [ U9 FEEd 9 £10839 Fao9,
T REEAEY S A AR FUiEE Ao Yehdm oy, A3 [ A3 119 A9
AE 270 FA4S AFHLE Holw 2R ulFo] o5 Ao thsleds WEA JEFS A e
Rog AnElojn, 58] AE MM HFFAe tE 989 F23 g As3gol 4get 93-S
B3 e Aoz UeEldth Maekawas (1987)-2, 21d2toll 4 % phenylbutazone Wt Al &ol| 4] ghol]
7109 AFe AE 80FHE AlFEw Aoz Budty glont, B Ao e A AT A 40578
AZIZ AP HFT AF FLE TFY 5 v

FUH R Hole hete] A 22A HEizte] Jido] thatde wdo] dx Yk F, 3
A EFEL WA G2 yellowish-white &3, FoFgt 58 /1A= vhd G2 ohgo|u} vhgbge
AL greyish-whitedl A E G280+ Gdadt Ax g Bl F48t1 9] 01} (Schauers)
Kunze, 1976), & H@oM= AxabA] gdokrh & &4 A 2234 gede 4BAd-e 277t
ofHsich A9 M9 Al 3T A7 HI9 A 27 A 53] chdsl =24 W] &ue 23}roke] g

EX-7F B de, o] 5L A &2l § aﬂ‘ﬂ AAG FRER AR E A, 2-AAF 2] HAJollA]
7191e W og Buey AtHEpstein 5, 1967).

A& A= o] AH I WS viebdth F A oA o2 AR A4 Vel it A5
i3t Zke] FAIvl= hEdAle] dALE 9E E4 8% (enzyme induction) E3] y-GT, GSTs, Epoxide
hydrolase 59] 315 &47F S718k= 222 B3 (Thamavit 5, 1985) 3t 9lon, &gk 78 @*ﬂ-—-:«]
E5Y $5 dolie A TR A T4 5dg AXESF 2 HE BEoE o 5

frejdE Vet dch

Schauer9)r Kunze (1976) °] LEITA 7}05,} et e FRE I7to gz AW g)sky mhao) A

ald, EREAon, ke 2A A e A4
o5 & °ﬂ ubgtct, 7}‘”'-‘*} ik & —1—9} HAS AR E Bl 47 19 A 478 e i A
8] & f-efdol AA (p<0.001) ERET QLo WAL Foj o) A (p<0.001 Ro g v g

¢

id
o
T
r[r
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Hol bt ZehHwie] A77t Fu W Aol 7ee Aoz AlgHnh wd B A
HollM Fregh 2heke] Mg AEe A oA 718 i) o)t 3183 1haote ojdFHoA
I Ado] oo A% vy (W1lham59} Weisburger, 1986; Drew%, 1983; Reubers, 1968) =3}
AL gl olejt date] olfE BAToM 83 DENA 9 2-AAFE Aol thatsjojor A
AH33H9& 2t (Ghoshl 5, 1988) 7 AR S o] DNAS WS fEste] A% worsls gt
© Ao &zl detAol ] g (Kriek, 1984), o]59) thAlE 943 849 Fxv dFHojet
T AUk ols B2 UALE A B40) FRAETE ojdl RN 7] PR Aoz AtgFolAy,
2 A7) ARl AFo e FA GA o]F R &) Fu ok E£oE ol 2E R
ZAAET} o] Tl A Cﬂ 2u3l7] y o (Drewemd, 1983; Columbano 5, 1981), §-2Hg 7hA| X 9)
S A b FFoA DgstA A8l o] F& wgaAvt Jehd Ao s Algso] 7
dPHeE FrHE 7&%‘%‘% FEEAS 224747), 23 3 e} sl (Schaur% Kune,
1976). Hx=9] ttollA] frbsl= shsha wiehe &-o| ule} vhi wi= thy hoto] fEw ), 22 EhA]

u

P GA] chekaiet 1) DENAS 2242, 2-AATE EJEA3 A48t I8 A4S &6z
A AATAA Frd e thidoR vehy, 1 248k sy 94] oA el
(Ogawa %5, 1979). = 38248 G588 F UE A=) 71¢3E 82 (sarcoma) L A9 3 5 71eko]
Fe HAded, HE 4F, BEE, HRAE 92 agn A3EFS5e] $E5Ych

P EHE9] trabecular type®] EAH 2L 1~2709 TAA NEZ TAS01R trabecularE &
o (Terracini 5, 1967), A=Al A 2= Awst

5t AT g AFAlg)o) 9lek £& acinard
alveolar 725 7131 o] #EEH, acinio] W2 Hol7k theksts, Wide] ZALHE7} 2F8he
Ao R Hol acini®] AL HAE rtel YA A #ado] i Ao 2 B (Forget® Daoust, 1970)
ol slon, & ArelME FREA £ TRENEEQ] 9% t)EEo| polygonlst .o uwH
A, vesiculard A AR Qo MERALE oAl e H, v M Edo] Exatn FakedA
e 7HAIE, o] Aol A UAY, FaHor Eashe Aol BEEAC A ELE
pseuoglandular type-> trabecular type ¥}t U 34l & 5o} 2l (Forget# Daoust; 1970). & trabecular
TE&7t TAaA o2 HitE ol pseudogladular type S & A & Ao g Al@Eo}An, Wols} thekst
WEE 7H A% 2 ES B8 5 Aok FRHAEE W F9E Ak o, £F Qudo] Au,
Hygslch

HHZF & simple type?} cystic type &2 W4 1=t (Schauers} Kunze, 1976), 2 Ao A= cystic
typeo] F2 FEHUh o]50) 2ASH Qe FAFSH, cystic typee] A-$ Mz} blarA Hgl
sk, o9 7191 Opie (1946) & Mol BAEE 2He o)A 7101%: Aoz Bustge) s
Bannasch$} Reiss (1971)+= cholangiofibrotic ¥-9jollA] @29k Aol (mucus)S AAHstHA] whto)
FH8e Ag o] TU 19er HFstyoh 7hzhe) cysto EUI% SEFHAM EAS] A9, cyste]

B AR EAA] I ML} FALE, SaF Aol o Ao AuEe thEo e Aol ),
HHF| cystic type T/IeAolA FEHE WHo 2 A BE cysto] o8 %9t o 71 WA T o]
(7Y, AE=]o] Aok (Schauers} Kunze, 1976). Cystic 7+e] ZZ g ]9l e Aol &AahA] oF

HA M-S adenocarcinoma® EH3H, 0]9) glandsE TAEHE WHE o Fepr) Quba oA
ol ol2r17hA] thFst FAH o dE a2 o] oA gtk ol dt ME S o) Ao A
714 5ol 18k =2 A U)ol PAS-positivedt S B 4 9ich £3] AdH Gy ¥ k2o 3.
Me-DAB(Goldfarb, 1973) 1} p-dimethylaminobenzene-azo-2-naphthalene (DA-2-N; F irminger ¢} Mulay,
1952)% z%%.sl Ne—ioﬂ/\j °HLE]L‘ ng&_ EJ_B}_T_’ o]q

Ao dof A dPHog FEgk HAEL micedt hamsters] 759} Mws) 2w “EA Jehdc}
(Erturks, 1969). H<lo] W@Fe] & 28-S Mol Fr)9 wela= 5-acetamido-3-(5-nitro-2-

F

O
O
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furyl)-6H-1,2,4-oxadiazine $} methylallylnitrosamine (Erturk, 1969) 02 L&A1 o} B dito) A
HEE AaFe WA XY AxFH, FHEHe YT EAelol EXge HHEE REHOZ 95
HAY, JAEE A7E Btk 294 WHAZE AdNFA TR A, Hysta, & 415 7z
A Vel n ok 3 FAMY JSMER F AeA dadt B3R o] dAF 0, e &
stz Zol #FHAUEY, o152 4442 Erturk 5(1969) 2 Bie} U8t ok

Ze] Zchel glolA J‘?—l"é? 2], Moo HAE AR AAHHA Fash F 94 AR o s
@763}{ R zj 2, 538 FHAEY EH L0} vjekd ds v ofHoh chkst FU49] Hol
FAZ Qs ‘?-l°1‘4’t 71do] #Het w 3 7HFolrt (Rudon, 1987). o3& 730]5]7] s, TS
H]EL Y2 # (lymphatic channels)olul, &S ZR/3e 2oz Rudty Qo (Filder, 1978).
Thioacetamide & 24719 E<F A #H A A {238 203 AH A 14 Aol A #el Molg B31E Gupta
(1956)7F Huglg o, 2 dpoMe BB @)t H3HF 4A70nFE He dojd o F v

F Uitk 53] o HMol¥ o= HHAF =} F& Aoz AlsHoAe A AR A 377 A 4704
g BRdpsia
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