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ABSTRACT: The effect of Ganoderma lucidum (Polyporaceae)
extract on initiation and promotion of liver preneoplastic lesions
in chemical carcinogenesis were examined in male rats. Male
Fisher 344 rats, 8 weeks old, were injected i.p. with diethylnitro-
samine(DENA: 200 mg /kg) as an initiator and were fed on diet
containing 0.02% 2-acetaminofluorene(2-AAF) as a promoter for
2 weeks(group 1, 2; 2-4 week) and were fed on basal diet{group
3 and 4). The rats in test groups(group 1 and 3) were fed on diet
containing 0.1% of Ganoderma lucidum extract for 6 weeks(2 ~8&8
week). All animals were subjected to partial hepatectomy on 3
weeks after DENA administration. All animals were killed at the
end of week 8 and examined histopathologically. Glutathione
S-transferase placental form(GST-P) was used as a marker en-
zyme for rat liver preneoplastic lesions in chemical carcinogenes-
is. For quantitative analysis, the numbers and areas of GST-P
positive foci and hyperplastic nodules in the livers were measured
with a Color Video Image Analyzer. The results were summerized
as follows: The mean body weight gain and daily food intake of
the rats fed on 0.1 % of Ganoderma lucidum extract and 0.02 %
of 2-AAF (group 1) were significantly higher(P <0.01) than those
of rats fed on 2-AAF alone(group 2) after DENA administration.

Ganoderma lucidum extract(0.1 %) did not inhibit the promotion
of the development of hyperplastic nodules by 2-AAF(0.02 %)
during chemical hepatocarcinogenesis in hepatectomized rats.
Ganoderma lucidum extract did not inhibit the induction (or initia-
tion) of preneoplastic foci by DENA (200 mg/kg). Ganoderma
lucidum extract did not enhance the average total numbers and
areas (mm ) of preneoplastic foci per 1 cm’ of liver tissue. The
results indicate that Ganoderma lucidum (0.1 %) extract showed
neither anticarcinogenicity nor carcinogenicity in this anticarcino-
genicity screening test.

Keywords: DENA, 2-AAF. Ganoderma lucidum, GST-P, Par-
tial hepatectomy, Hyperplastic nodule, Preneoplastic lesion.
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nbabAd shehb Al aligh of el zbx] alir o] kel
gh Al ebar A zbdeh crejud, Al ubgbal of M Al gl AbE-sbe] adiheliedl s

o] rke] 41 AZbS wb wlfo] Aaylel whuf, 4] ’JJ’ ”]ﬁc’ "‘"z‘ﬂ:f’{}j KO vilro A ‘5‘30‘1

1l

SRS E S I

|
Hlo] 2120 218l (Ames” test, umu-test, SOS-chromosome test) 50 Mokl =4l 9l o}
(Ames. 1979 7 Bridges. 1976 © Venit, 1980 0 Williams -, 1986), 7] A A& Al 4o} niglte]

P

Lkol wkar gfekAl (false positive)fol rol(Ashby #F  Styles, 1978 ; Rinkus ¢F Legator,
1979) % H] Ao - ol o] ol abxlal sl vbel el AJglglr oy gty AL gLt ¢
Uik eh doanapar o zntell K] edazuh, wkebAl, i eitro AR AV A ATEDY o] Akl
sl A A Apsig ] Atel v glel,

s}akx] miepi-slo] o1&l qkeol wubAl - foub(initiation) ¥ F % (promotion) @45 )3 &
(2-step theory © Ito -, 1980a ; Marx, 1973 ; Miller, 1978 ; Pitot, 1979 ; Tsuda -+ 1984a.
Tsuda 5, 1981h)  #18 (progression) 34> A ks #AIglckiz cfskA] beks) g
(multistage carcinogenesis) el 7iv1-S- 2o & (Farber. 1984 ; Nowell, 1986 ; Pitot ¢} Sirica,
1980), <3217} initiator ¢F promoter 21 21 37] (target organ) 7F vhsi Hell ol (Coombs,

1986 . Nakanishi -, 1982 Tsuda &, 1983), °1L’{ }*] noelvo ‘1}'0}” 71 to] Ay el -

dl (Ito 4, 1980b 5 Pitot 4-, 1978 Scherer -, 1972 Solt ¢} Farber, 1976 ; Tatematsu %,
1979), L ol 41 Tto 5 (1980b) o] “Hutek ubil- "l‘% l Zbel WAL(85%), o AHawd el
W (Cameron 4, 1982), 3]k (false p()Sitl\ ol ki " (Ito 1986)011 S R
ubelAd -3 A A8k W 88k by e Abge s °‘L} Wl el A Abg-gt gkgbd A1
W2 Ito 2 W ¥} Solt-Faber 25 (1976) & 71] skel whwo o cr o le)is ubekE-del] ofgh Hat

al (

w8 (preneoplastic lesions) & f-1b% ol Al sbi= W42 geba- Al (anticarcinogen) & #F§-3F -
glebi= 2FAl(Ito 3, 1983, Masui -, 1986 ; Narita 5, 1980 ; Williams, 1987) ol <+7]3}nq,

ER A7 = grolr), dhekal of 4 el vl gl el Mol gkl (preneoplastic lesion)
o] %% &4 (marker enzyme) 3! glutathione S-transferase placental form(GST-P) <F4d 2l &+
A 4 (foci) ¢ %2 7 A (hyperplastic nodules) ol o} HA e ofgh o mtake] SA st Fo 4
ot} (Ogiso % 198:). Thamavit -, 1983).

Bz ouhdual, 2z Fow S s skas d i, uled AN (Aphyllophoraies),
2

el ake] wl Al (Polyporaceae), 2% (Ganoderma)oll 8fizdl, ZFaro] of arxl Faligld
ZAgelw B, A, Al b As w el s, vtk Asl So] Asiekesaje] &l
N Eyo] glow, Fhulell A gl A s arddshs, WSS, §AlE, S oh &8 S,
BH % pubelys Al sl ek, slAlok, AvshEak el vhit ghwbokyh wighete] Alg-w]e] ghub(Lee
1201986), ], Hatelir 93] e] sarcoma-180 Al el tigt gl ayh(Kim e, 19380
Mivazaki ¢ Nishijima, 1981 ¢2F 1 1% (Kang %, 1981) 5ol Faiwsr glok, 57-3'14‘ S
afofl A kAt gha)sfell tHal EbebAl ofdell gl Hoiiz ol qlvf, wlwpba], 3 algtel A]4:

Qlel A) wkak HaFxt Ao o) Bskel od A G=Ebe] akekAdel aleld 7R ‘Zl"lllf'loi-ﬂ in

citro NS A i vieo A& A vl asked ),
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HE koh ol 4 H-ofwnk 679 Fischer 344 7 7 gl qqepe] & Apgetaloh, 27
ok ellulapg o dgabgel A sk Mg Al F 8F (A 195-205g) el ARl A

B3kl /Pﬂ"” A& v ggke] AR ghAR 030, Al 60110% 4 A Ekel o,
aped A a-alell A1 2 iz g 7 o] 2] (polycarbonate, 26 x 24 < 18 cm, '3 A2 AL A 2 el 2ufi] A ylof 4

[}

Abfeshaleh, A (H g E Ahak, ASbAhs) e Al gie] pelsjelul,

Azg 4o A 100g S 179 2558 95+5Cel 4 8217k 33]e 23 35 rFebn
o] sfzto], ofol-g kgl F-Febil ST Tl ek *“!‘H‘. S 6000 % g el 4 40a7E g1A)
; A8

12 1l
shef 910 H %% W Aeskol Aol

=

shedrl,

il

A L AHEE F04
Agea 7 3 1wkely 4o vhre] wi A skgl and (Fig.l), 2 Adlsd suasell A8 7) 4]
alef] Zkol 1A (initiator) @) diethylnitrosamine (DENA, Slgma Chemical Co., USA)-& A

g alof o] B A A AMF kgw 200mg ¥ HF R Fofadth(Solt #F Farber, 1976 ; Solt

0 2 3 4 8 weeks
S G 1O O P .
DENA PH
i 4
Group 1 [ [/:/:/: 7/ ereranrnanrannnies |
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Fig. 1. Dose and schedule.

+ DENA : Diethylnitrosamine 200 mg/kg body weight, [.P.

4 PH : 2/3 Partial hepatectomy

//////] . Diet containing 0.02% 2-cetaminofluorene

: Diet containing 0.1% Ganoderma lucidum extract

. Diet containing 0.02% -acetaminofluorene and 0.1%. ‘5ano-
derma lucidum extract

EE
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=, 19775 Tto 5, 1980b),

A el i= AR AL A 2l A 4 mb Al 2Eel el
2_acetaminofluorene (2-AAF, Sigma Chemical Co., USA)el 0.020,7F ¥ 5 Absidl] &g 3}o]
3ol 3k (Solt o Farber, 1976), #5380 0.19%7F w5 ahsiel &3bste], 67 (2~87)
ok fgolahelul, Al 25tel Mz Al G *l Al 2F=5 ] A 4 Al 270l ek 22AAF 7 0.02% 7
¥l apiel Eaksle] ‘Felslin, 15 A3 Eielzbxl basal diet Ub foldle] Al 1o
wo shedvl, Al 3ielliz AEH Al Al 278 Al gl EaelvbA] 6ol b 3] FEare] 0.1%
7} sl absel] Egksbe] ‘rofsbelch, Al 4ateliz Algl-gsel b4l A 212 5k basal diet b
& Ghodsbol Al 3ol wimiro dhelvk, AlEAHAT(DENA Yol) 3 fell thwspe] 40 S
shol AL dlzell ] kel 2/3(67%,  #- Ated b g eelely - A Al skl ok (Higgins €}

1

&
Anderson, 1931 ; Waynforth, 1980), A1 st 4] 87 §eoll 24 et H-qlshalvl,

-4 (promoter) 3}

Agishe] ol o) slel AR ARl ol Wi 18] el A Hgshgcl, dee
A% kg 190 ARAIAS A S1a) AE s gael A v 1) Abu AR 5

shaleh,
H D

A sk Hell WA el W AAAAow, AEs T F el 4y dEe

L ] A sl el ola kel AN A dbalal e,

b A yke 9% 9)9] (right lateral lobe) 2 vl s (caudate lobe)ell 4 2~3mm ¢
AL 7 EAS A skel  odd-is 109 phosphate buffered formalinel ardet 5, aldkaal
paraffin #3918 wHF7, hematoxylin % eosin ¢} 9% spof WS gkabasielce}, b el o
B.aw o oba 22 (cold acetone)el A stel 6 am A2 paraffin HaH S ubran, dehEn
(preneoplastic lesions) ©]  marker enzyme 8l glutathione S-transferase placental form
(GST-P) <F4d foci ¢t nodulesel wigh wel wxapabsfal g aalvh(Ogiso . 1985
Thamavit %, 1985). Color Video Image Analyzer (TAS plus, Leitz, Germany) ¥ o] 83}
A4 omm eldel GST-P ok foci ¢F nodules o1 b wi#l-& A atsiglvl (Tatematsu -,
1979) .,

b o g shalxl 22174 (hyperplastic nodules) Y-$lell 4] =213 A 3 sbe] 590 glutaral-
dehyde (1C, Sorensen buffer, pH 7.2) 3 1% osmium tetroxide (4C. Sorensen buffer, pH 7.2)
ol 7hzh 9ot A skelel, ellvke 3 propylene oxide i vHsan, epon AEobd 2bA

epoxy resin embedding media ol A7 0 ultramicrotome (Sorvall MT 5000) 2.5 60
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~90nm e ZwtdAS ubE ‘iiD} Uranyl acetate ®} lead citrate & o]& ¥3sle], JEM

120-CXII(JEOL) Wxbalv] Ao 80kV o 4 #3slelel,
oiof ZEStalN A

2y z2AWel GST-P %A foci 9k nodulesel #+%E& o327l ¢l&l Avidin Biotin
Peroxidase Complex(ABC) %] & ol&3led @M% slsdck(Hsu 5, 1981 Ogiso %, 1985),
Rabbit anti GST-P antibody (12} 3) = arep A|gl o8t I #Hf gt Ito Nobuyuki 42
el FEteten, (.01 M phosphate buffered saline (PBS) 2.2 108 3] % bovine
serum albumine¢] 1%7} =HxE A 7}6}0% WAy dstwl 4 A&l od,  Biotin-labeled goat
anti-rabbit IgG (22} &-4) 2} ABC += Vectastain ABC kit, PK 4001 (Vector Lab. Inc., Burlin-
game, USA)-S Al4-3t4d o}, Paraffm A A AL xylene oA paraffin & Wi v% 74
o] wAA FFAAHS 7, moisture chamber ol 41 A4 goat serum(1:5 34 ;001 M
PBS, pH 7.4), rabbit anti-GST-P antibody (1 : 6000 2] %), biotin labeled anti-rabbit IgG
(1:4000 814), ABC A=l54& A4 H,0, 0.02%7} #H7p+d )1‘7 diaminobenzidine (DAB ;
0.2 M Tris buffer, pH 7.6)¢ll incubation A1 # Muk-&-& d221 % hematoxylin &.& & 4
Yale] spetdn]Fo g Jaslect,

Xr2e| A2

Al A= 2-tailed t-test & ol &3} WlZ2gty v, EAstgo, A FH it BF
5% (p<0.05), 1% (p<<0.01) 2 0.1% (p<0.001) 2] F~Fell A #A4dS HA sk,

z2

st & g A FAaE Helgrh 17 & B
Il—‘*'—ﬂ?’l *l“#‘P‘iiE}(FigZ,S) AH A 717 Bere] H A2 DENA $o] 5 2.AAF oo}
@A 37 FEE 01%F Foldh A 13 (220.1g)°), DENA ¥of F 2AAF W Yoid 4 23
(213.3g) < H]ﬁ}] A &) (p<0.01) garh(Fig2), ahF AhsiAl ﬂ‘] i A 5ot mmatel &l 25t
2ok #AekA (p<0.01) @gkek(Table ). 22vh, DENA ol & 42 53w 0.1%F Folg)
Al 372 DENA vt &% Fofgh A 4300 wlal AF A Fel ‘1101*1 folidel AR edakr)

Z.
>

(Fig.3). DENA %< % promoter &l 2-AAF & L031 g A 173 Al 20 2-AAF Fol9t o &
o AT s E%’C}(Flg 2), e, 2-AAF & FofslAl o Al 37 W oA 472 3R 7]
7r Eokel AlF7a J°]QJ + sl (Fig.3)., =+ Tell4 2/3 partial hepatectomy & A4
g A gA Al 3T ‘%ﬂ T4g #AF r}"‘a‘ o[ th7} 47 A RE FKabeich(Fig.2, 3). sh5-
A3 A H e DENA Fof & oA 287 g} A 370l hETA A 47l v wwd @

o Holgd o} foxde Al HE A gkt
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Fig. 2. Effect of Ganoderma lucidum on body weight change of rats treated
with DENA and 2-AAF.

* . Significantly different (P<0.01) from group 2.

PH : 2/3 partial hepatectomy

DENA . Diethylnitrosamine (200 mg /kg body weight)

p——8 DENA + 2-AAF
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Fig. 3. Effect of Ganoderma lucidum on body weight change of rats treated
with D! NA.

PH . 2/3 partial hepatectomy

DEN# . Diethylnitrosamine (200 mg/kg body weight)
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Table 1. Liver weight-to-body weight ratio and daily food intakes.

Treatment No. of rats Final B.W. Liver /B.W Daily food
(% in diet) (%) intakes(g /kg B.W)
Group 1
DENA- 2-AAF(0.02) 11 273.8+129 4.37+0.62% 80.34 + 24.80°
+G. lucidum (0.1)
Group 2
DENA -2-AAF(0.02) 11 272.0+£27.2 3.98+0.73% 71.76 +27.95
Group 3
DENA- G. lucidum (0.1) 11 265.3+19.7 2.54+0.09 79.01+17.49
Group 4
DENA - basal diet 11 271.9+20.8 247+0.14 73.92+15.21

Each value is the Mean + SD

9 Significantly different(P<<0.001) from group 3.
M Significantly different(P<0.001) from group 4.
"Significantly different(P<< 0.01) from group 2.

Aol gt ke FARe] glel] 9% FEES Fodg A 1T W A 33 HERF A 2T
gloA 47 fefAde ol E A ) (Table 1). Promoter 81 2-AAF & <% ) 17+ 2
A 27e] 2-AAF & Fodshr] & Al 33 % Al 46l nlsl @A A (p<0.001) ekt (Table

Foigl ¥ 2-AAF & FoI3 A 173 A 27 A RAe 7 wd

31 4 A (hyperplastic nodules) & §ab2 2.2 eld 4 i}, 218

vh, 2-AAF & FolalA] @8 A 37 @ Al 4ol S o m offd HAILHE FHolF
olar, b 2l AE@sqdch A JAAe] zkgde] wHediE wEekla, A

& Byt A 17 Al 2wel A W FaiAde] #edEna e, £ A kxR

AA} F8sla, F49 AARAS ghatsla gl o, FAAAY AEEY JUdLS ke

& AFA (eosinophilic) i= £ 7] 4 (basophilic) el ok (Fig.4, 5), A AA-& v}ekdl =79 A
TE2 FAF Qdeow, A il ¥ wmi Yy e s AW A E Az
ot (Fig.6), o9 FA4-A WMz FE24 HIEE Holw radw #aAd 4 glde
o, SARESS Qe G (cysto) ® BRAUHFigd), FAAAS] FUE HAHohdE
(fibroblasts) 7} Selsta oli: £74% faselel, A 3% 9@ A 4ol T AQEA

>
L
%0
o

sfetebr] iz, 277t “—%% é i (focl) € &1 & AdeH, FAEHLE By
e FAae SAMEY MEER A den, FA AdAzte] A FEHE)
2] eroke(Fig.7), &A74 A 4 FA e GST-Pol ek ddzxzlets ojdog 3
ZpEA ) g s P8 5 ek (Figs, 9).
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Fig. 4. A eosinophilic hyperplastic nodule in- Fig. 5. A basophilic hyperplasitc nodule. The
ducedwith DENA as an initiator and promoted by nodule cells are discontinuous with the compress-
a diet containing 2-AAF for 2 weeks in a hepatec- ed surrounding hepatic cells. H&E x40.

tomized rat. The central portion of the nodule has
undergone cystic change. H&E x40.

:’J;) ;"‘s
Fig. 6. Magnification of cells within the hyper- Fig. 7. A eosinophilic focus induced by DENA in
plastic nodule showing prominent and somewhat hepatectomized rat. H&E x 40.

pleomorphic nucleoli. H&E x40.
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Fig. 8. A GST-P positive hyperplastic nodule in-  Fig. 9. GST-P posotive foci induced by DENA in
duced with DENA and promoted by 2-AAF in he-  hepatectomized rat. ABC x 40.

patectomized rat. ABC x40.

Fig. 10. Electron micrograph of a cytoplasmic Fig. 11. Electron micrograph of hyperplastic
area of a cell in hyperplastic nodule showing ag- nodule showing myelin figure. x7,500.

gregates of glycogen particles, elongated rough

endoplasmic reticulum(RER). x 25,600.



2p wbetg] Al o A 2L "M Balar AWl glycogen ¥slize]l AlskAl &
Aol glgdow, byl W3 A Ad (rough endoplasmic reticulum, RER) €] Q"J A% Ay
At (Fig.10). RER £%¥ ribosomes | sheto] & A gl o, RER 3 <l4% myelin figure =
BabsEl g, o1 WYell s glycogen dgliEal Byl A Aol EZEgEef A4 (Fig.

k=]
o ;A

1D, A&"Wme] ¥ Al¥e 43 mitochondria % #-3%¥ AExixv|a#E5S x3str <l

Fig. 12. Electron micrograph of hyperplastic nodule showing autophagosome
type intracytoplasmic inclusion body containing cytoplasmic components.
x 9,500.

Fig. 13. Electron micrograph of hyperplastic nodule showing intranuclear in-
clusion bodies composed of homogenous matrix and lipid droplets. x3,700.
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Table 2. Number and total area of glutathione S-transferase placental form
(GST-P) positive foci and nodules in the liver of rats.

No. of GST-P Total area of

Treatment (% in diet) No. of rats foci and GST-P foci and
nodules /cm? nodules
(mm?/cm?)

Group 1

DENA -2-AAF(0.02) 11 10.42+£4.27% 229+11.39

+G. lucidum(0.1)

Group 2

DENA - 2-AAF(0.02) 11 7.57 +4.03% 24.7+17.7°
Group 3

DENA » G. lucidum{0.1) 11 3.55+2.71 0.53+0.38
Group 4

DENA --basal diet 11 451+248 0.55+0.24

Each value is the Mean = SD

@Significantly different(P<0.001) from group 3.
b’Significaqtly different(P<0.05) from group 4.
“ISignificantly different(P< 0.001) from group 4.

autophagosome type 2| Ziclzgt A ZAW £ 4 (intracellular inclusion body) = FHdHAG
(Fig.12)., A 428W A 252 AR e wofo] EafFshelom, iz wdige] g
b, el g Eedi AHAvE Felsbil, homogenous matrix 2 FAdE ¥ B4l A
(intranuclear inclusion bodies) = 33 = gloli=dl, -qf Al ol 3= A HHA (Iipid droplets)
o& Mol &g wgsl gk, ) E]IA VL gHaAEl ko] AN el A= AR T
2EE #a¥ o (Figl3),

7 g@;g] 224 ] em?d 2AHA v =o] o} Wz (mm?)-& Table 2 9k 3o},
DENA %o 3 2-AAF % 42 F&%(0.1%)% Foigh Al It thxrel 2-AAF ubs o3t
A 2l E2AAAL] 5 % WAl gleld felde] A ok}, &, 4 FEFEO.
19%)0l AES] kot A F 2-AAF o) €& promotion o] Wb B &E& w27 Fahsich
DENA ¥ % %47 i%%% Foigh A 37 ol &4l basal diet TS Fod g Al 47 el =2
ZA el sob WA gloid feldel A Wk, F, 47 FEE(0.1%)°] DENA +
ofof] olgt initiation el Wb s wlHA spglord, mek 4 FEE A

romotion &% gladvl,
p

Z Al
o 1 -
(o3 ¥

] At
P ol zholl 4 BpebA berE Aol ofs] fouEl 2baEe] TAWWE, B0 Az sh
shA) romd Zbaedwct 27]7b Abe ALk (foci) b Folel A ARAS qhubaled 2277} b

Ed ol
Mol & 2217 A (hyperplastic nodules), “12lat 7k (hepatocellular carcinomas) 22 =4
Lo, EAlset FAHAe Zkskel Ak W (preneoplastic lesions) 22 d# A 9l
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(Farber, 1984 ; Ito %, 1980b: Scherer %, 1972). Zzeiv} otEale] o)) Fux E2)4i=
reversible &} 7] wjitel] k22 wbAsElr] fle) A= promoter o] Fof ookt rlsE Ao
Az, e Zrelldq sshA wbghi-ale]  ofsl]  fubxl Fbarwie]  EviWiste] AL
(marker enzymes) 2 4} y-glutamyl transpeptidase (y-GT) % glutathione S-transferase
placental form (GST-P)e] & e alizo, oliF & iz uighi-#lo 2la)] Ho|x ol ghi]o]
- =xlc}(Kitahara %, 1984 Sato 5, 1984 ; Satoh &, 1985). -3, glutathione S-trans-
ferase placental form (GST-P)-& ”\}Oﬂ A s Habgef]  #hodsli=  glutathione S-transferases
group & & A Ah=A, A el TelMiz Aol HEsh 4 gz, spebE dshw Al of s
el 7kel Ak (hepatic preneoplastic lesions)oll 4= Eol# o 2 Jevelo] F71sEld
(Kitahara %, 1980 ; Thamavit %, 1985), WelE 2% Fojan Mokl S 3 Asl7] Hell+
79 1 levele]l F7F=E A ¥+-vF(Sato, 1987 ; Satoh %, 1983), =gk, GST-P+> Avidin-
Biotin-Peroxidase-Complex (ABC) %] & o]&gt A = g}ahs] 7] &o] £olstar, y-GT el vl
s Aok wo] gt Holde] popd, e Lol Aol stab wbehn ol ofgk dolHwe] v}
2 Bol#el xgRARZ HrbE ol 9lvh(Sato %, 1984 Satoh %, 1985 Ogiso &, 1985
Tsuda 5, 1984a).

W A Az GST-P ¥ Auans Ao} ABCW & ol &8l #okwini g galslglon, 74
22 i H A (1em?) W ekl e] ef HA (mm?) & iRty ala Bdddo e, o 2y
Aol w12z 32 25 (0.1%) 2] d &l el A 0‘0}‘1%@} Initiator & DENA (200 mg/kg)
o} & promoter &F 2-AAF(0.029) 2} &7 3= - 3?% (0.1%5) % Fol3 A 157} DENA *
o} F 2-AAF vt <43t A 2'%01} ala) A8l A7)z Sk HHAFol 2ol glA Z& olfi=
AbE A eko]l @byl wiF-o= A zbulc), Z—AAF% SFodgh A 1t A 2ol Huk A]g A 2
TR 3F7EA HFre] 3FAd ol4riz promoter ol & oldb xlaiAdFeke] A ofFow 4
z¥lch, Initiator € promoter 45 XL Folgh A 150w A 29Fo]  ZH7b initiator ¥b o3 st
promoter = ‘Fo38}2] b Al 3uFE Al 43tel] wisl A Fel] wigl ko] NAw)Zb e o)k
Sato(1987) 2+ Thamavit (1985) 7+ =3k ubel o], promoter FoI 2 <lgh Hebwwie] 77
kel vlEe] y-GT, GSTs, Epoxide hvdrolase %2 s %& 4ol o di-og gzhxlivy,
FAHE F el 2q714-% vlehd A Karasaki(1976) 7} -fabel pel o] w4
259 RNase o] Fas RNA G &8k AL 27)ybiie) ol dol &#7halv] af im0k

1
[}
1

i

A zhElch, Daoust ¢F Calamai(1971) 3= <A x22] 7hof| 2] &} &3] wholi-#lo) o)sf] ikl &od )4
Wl hyperplasia 7} neoplasia 22 WA ¥ ar g)S--% vhepfiz 2 iielor Fababgdch, dn 94 &
ARAE WHZE # AR o]l R4z Solt % (1977) 0] FAE Bhe} o] FAI A WY-we] Fulyi
of FyF-F& uital e Ayl é AR Axire] A sidiel glycogen gl ol *x] &}
A == Ohr-.} Williams (1987) 7} 43t nhel to] glucose-6-phosphatase ¢ 23] ofi-o
2 A zbsich
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