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Z AL (TRANSFORMATION)#T %

G
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RIS

wmE

# 4 Z K R (wistar), ¥A2- T & e JK ¥ (2-acetylaminofluorene; 2-AAF)#~ A8 W (in vivo ) i

1 e

A AE M (initiation), — 2 H1& , AT B 42 Mk & & 4 1L AE B (trypsinization), & A AT B _E A&

& i (liver epithelial cell), A& AT EBE I (in vitro) ZALEAE F (promotion) ¥k #] € K & k& (PB),

TARETRRBHA)SE =T EKAEKT 2

F(BHT) F AL tm o b 2 78 M, & B 1 2 AT

PR @ EAHI0Z A R0 ARG R Z R B, B fa B 5T 4 42 R 3816 (untransfor-
mation)Z K 2, & AR N— L (in vivo-in viro ) B R ZHRER , BT ARFZZREE
T A A2 B 88 3, 75 ﬁf" B sl R a4 kL 5 7 M (proliferative activity) 75 B BA 34§ AT B £ &
4o o, % AL S B M B 98 (malignant tumor )% 252 -4k A 2L 38 B B8 (-glutamyltranspeptidase), & @
+ & B -FZ 8t &(epidermal growth factor binding) X DNA & Z 3§ Jw, iz #b 75 M 19 1k 30,90 88 2 %)
= - R W 1% (dose-response manner).

(genotoxicity)&s & Z ACIFE H (initiaition), £ =&
Al = SMIRYE & B RE B HA B i Bl 5 A BRI EAF

(promotion).Z A A JEYE me)\"ﬁﬁ%ﬁz%@ﬁ
AT IR o MR R % A HE VEH Z M 2R B R (phenotype) 2 8% | 0 H 55 5%
i{ém WG E 2 FF LI E B, T2 TR 2 S SR B A (selective prolifemtlon)ﬁﬁiﬁﬁé
1LEYVE , BN eayE a3 | s Lo 4N EY'E R %% H (growth of tumor), a7 2% fi e &S5 1E F 8k
(xembmms)ﬁ’\/‘\’%mziﬁiﬁ S, H 52 B H 2 (B EAF F 2 V'8 53 p | R By AL IR47E (indtiator) B {2
BE/7, e BT, B T B B R AR N A HEY)E (promoter), 2 0] B ECREH < B
’f[:(bzotrdnsform&tmn)(E‘:iﬂ]?{ﬂ;ﬁf@:%@»zﬁf’%ﬁ AR BN B B 2 AU 22 (epigenetic) (B 2 & 3@?““’

2,58 MUEYE 2 EuEEEERRaE R A AU AT n gelalRF 32 2B & S 35 FARZR.
{ERFHA 2 e B H— B3 n g B — B E, E— I PR AR Rl ge R [ 1’5
SRV E 2 r 2R T BB P *ﬁi(genone)z < ]3P E (reversibility )2, BRI V1R < 5T
KAZBENHNBEMEEREPE 2 ENE T A A E Y AN R+, TR
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< R B R M e TR < (e AR SR ES Eﬁ Wz et ER ' E L
B RO B TR MR B E AN CH A B S B FERP A ERS PR
o B B T A i L2 BT, R E 2 HES KB O HR %S W5, HEAE IR
i1l (activation) B & MEBE MBS (inactiva- HREEY e E EEEEEFE—S L
tion) I X RE 1 SRS TE LT T M, BHA BEABH TR BT 26 B (e Y E AHIA], '©
1971 F-peraino® LL2- Z BEIZ E 58 (2-AAF) X B RERE 2 (EHECE B, T sE R RETR Y E R A
FE I (PB)S R FERR E Bl < EIRYIE ] B @%?Z?,ﬁﬁﬁfﬁﬁﬁﬁzy‘%* A
(EEYE , 19764E SoltH Faber™ £l FH 15 IE 98 BN BEGETTBHABEBHT 2 M MG R E
TEVE T, SR IBE R B R R R e = F 2- SEEEEY  HBE SR E B EE e
e (2- AAF) LUK Y& H5E(CCl) R H B Y7 TEROD, 3% T 2- AAF%@“wEﬁﬁFﬂfﬁBHT%@m%ﬁ
B, AR T A S PR R B BT ik e g A 2 R FE O 3 DA R R A K
Y il e | A g vt (E R B {0 B e U BR T (hepa- (mtrosodlmethylamme)%.é%BsCﬁF;/J\fﬁ;’fj’%?@@
tectomy), S BB AR S R4, NItk B EE 2 4= 7 BT B (neoplastic liver) X ElEE %R, BLL
B 0 25 R 35 B BF 1B R AR KO H 2 A&, I I AT AT #7 =U% FBHARVE E/EH & 8EEE 00>, 1986
FE DA BN A GE TE R, (LA ORI ] FEPreatF 04, LUSoltEd Faber it 19764 28 2 2 W 3%
AR SR RS HE R R EY B F E a5 B2 D i R T R B IR Y E R BH T & 1]
A TEYIREE, 5y -GT.Z GG, (B R 3 e AT |5
SRV R N R, Rl i iE FETtoHF N VE BHTE & ¥ Fichers K /R EIER
@{E:ﬁé%% cAE RS PO 2 ThEE , AEEMREnE /) 2 R PETTHET T R 9T, Bt fthdE A R iR i
S FHE R SR EE R 2 HIHITE RS, TR (nitrosamine) IRE A% , BHTE FE DY Bl FR AR R
BEANEAZE I S (croton) FEHEYE , 12-0-tetrade- B AREYEEEE ~ B B S 2L AR DT Il
canoylphorbol-13-acetate (TPA)RF 2 & H'H B e » BBHAHIBHTREUEYE % T2 §iak =]k
C (protein kinase C)Z iH{LAFE®, 8 F L5 7E 22 RS RS B4 BRG] 2 R RS 1617,
= B R B BUE F [l (oncogene) 2 i n] gE R 52 2| BHT 7] 4% ¥ — B B it (dimethylhydrazine) &£
SR Y E 2 R TR R M 2 B9, L CsH/N R 2 FF R EE A4 fE R (H 2 BALB/C/D RIS
RN -AmEIN (in vivo-in wrm) EE A 5T e (18]
BEHEIER, TMEA DER AR FEERSE 2T BHA EEBHTE R E 2 G T EEFY)
B A2 45 JZ%H@V%{‘%W%%F%@{&@? 1 BEERERE Z(EEER, ME ABEGIE R
pEs, T H. %ﬂ?ﬁ%é?ﬂ@ﬂ&ﬁﬁé% BT R M, CAEABEASE, SEREEERR
Bl TE FEME . 19804 Kitagawa O DUFT 4 2 KR e fElEtt, A T — MG AR AR
ST AAFRIEBERIRIE & 84, i it Z i -4 g 2 IR SRR R R NIEE
ﬂ;ﬁi 2 HERE (epithelial cel) AANRRBE < VIE LA 1% F AAFH , ERFE A BUSHHb_E SAAE, LA
BE A PR TIER R ERE E B, W —a A B & MRS B ALK EEPB, BHABABHT ¥
%ﬁ’%%ﬁﬁﬁ%fﬁ%@f/ﬁ 1B, a] 3, EC YR MpEEE L (cell transformation)Z fEHERIE Z 151,
T B, EHE SR e E AR RT, W H.
B R (LY 7 [ FERSSS, 08 cytoske- I
letone) EE i 7+ BB (extracellular matrix)BERAT MHERTA
Jégzaﬁiﬁﬁﬁ%ﬁ@%}:ﬁél ....... 2B IF N OF, _
AR ”““””(BHA)Eﬁi TROFEE K — RRERHA
(BHT) & P Ey REHT E LA (phenolic antioxidant), | BERE
HE RS, ﬁ/\ﬁ O E A IR A Y A Fio base medium(F.cb, Biochem), Fio com-
B R 2 HE, 1T B/REA IS & S AN e A e plete medium (F:0C), H#E #Z(Solution H), SE =M
i fhRE 2 B #3840 17E A (autooxidation) LUEE %A b= & E (Selective medium), Fiob+BSA(4g/1+
BRIAE G Re ~ B B B R S B L &Y AT mixed fatty acid 50 ul/1)o
5 BN S S, B AR R R ABE 2. G
EYEBEMENARLTEREREZ B GMNA (Koch-Light Ltd.),' 2’ I-R K E KK
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+ ['*°I-epidermal growth factor (EGF); Col- kB EAG 14K, PR E & BERET A Al A coulter-
labor. Res.], B8 &5 H B# 32 -EDTA (Trypsine- counteriHll & A EGFE T HE & M- S RETE 1
EDTA; # Ca®* . Mg”":M.A. Bioproducts),!* i — 3.p-BARE LSRR 15 ()-GT activity)
1 B4 B (**C-Leucine; CEA), '* Tk — e B B (14 C- ff‘fle_]{)%Fg(ﬁﬂﬁﬁ%E fen FH 72 2 B G YR AT BE
proline;CEA), '+ Bix — i B M8 I (*4C-thymidine: GX10YERHE T, DIHE L
CEA), "*Bx — & H E /K EY) (1*C-hydroslate of
protein; Amersham), = &\ & ¥ (Trichloroacetic

T HEIA
GMNAGE], I237°C2 S E & 55
PR — K 2 M E B, 30 Bt VR TE

SIVESRY

LB, R FE
AN FSAL B R R A -G T2 3E Y,
4 REE RN FZ#E(EGF-binding)iEH:
Z ERNERE R R 22 weNER S SR E B 2 B TR
o L \_ - - R X 10°)E R EE T, 125 EGF(30-60 uci/ug)
FrE g K (wistar), B SN E—BEy -V 07 - e e .
?ﬁﬂ Lﬂ%’g(hepdlocdrcmogen)’? AAF30 mg/kg) 37 Cz%ﬂ{b?ﬂt‘j%mmi j‘%}d\ﬁ F’U\meb{%
S5 55 B8 7y o AR 100, — £ HA ] A LA 2 71[!7}2 mlZ 3%SDS, % FHEFE 1740°CH 30
(5L T B AR T Y BE 2 W (trypqmma— T1 88, PEIF 2 Lly-conuteril] T FU BESREE , 25 LU
tion)*?, % F& HE 1175 & Ham's Fo BE A RS 25 5L EE(?FZ%;@EN(:;AEZ@;
BSA K7 #% 21, | fi- — :
bmblc}.sjf 21) fzjji %Zﬁ?%ﬁiﬁgﬁ%&ﬂi&“ﬂ RAERB R 2 HIE Y S R Ffjf%'ﬁ? L SR A A
20 12 5 5 M 8] B AE BRI (soft agar) |/ 55 68 (3X10%) 7 5 500 zfdi@?% & 24 ML S
ymiﬁ,i_ﬁﬁﬁii( G 1M 2 1 i B s = [Ml(microplate) N, iR K FTEELZ H L FH4 5500
SHET 1 AR e 2 ] T o B e A0 pl Z Y48~ FZ B2 (54mci/nmole), ' *ik— il i
X B % BB SEE P P o BT Fi) BT ER A o SR M(zﬁﬂin?l/HM(}lﬂ) k- F H K EEY) (5Tmei/
E27x : EFFIE |- R, 27385 0T AR . x M n_mgle).@cmﬁji FIHRIETE (54. 8mci/nmole), 1237°C
0 L R UHRES AR R /NS, IR % R LLF b
h A 10N NaOH ¥Ey# i 73 & 3 & T, 18 A 5%
_ X TCA, &4 CR—/NFF, 331%, B LA5%TCA10 miyk
— ERRMEREEE H3KEL10 mlZ295% Z BB @ — 2k, 1% D scinti-
B & BE R Bl P
REACTRIE 2 BB K A, LL1% &2 DMSO
(A)BHIRE

Bk, Ll1o- ’;M(B)%Xl{) ‘M(C)EE 10
“*M(D)Z PB; 10 *M(H), 3X |

12 TBTRE(14C)FRE

lation counters7 /[l E MHEIEE (cytosol), FHE
EADNAF

B

5, #5 DU e B s B
HOHRIETE &~ S A5,
0 *M(I) B 10 °M
() & BHA K 3X10 *M(E),10 " *M(F).3X 10 *M A B g =40
(G)Z BHTER EEstHIFAE I 2858, WE i —
ERFEIAR3ITCZ — m{:f@ﬂiﬂ% ih%fﬁ@ﬂzt% S 2-AAFA SN EIRIE B % 2 27E KB B
s b2 B (markers). B &3 - R AN S I B B R T R A
BERMGA LG8 = o 7F ir‘mé 1, 5 SR A EIR] 2 A6 A T B AR A0k LA
= )%E@ﬁ{m@%(mdrkcm)é{mm Z%fﬁiﬁﬂ?ﬁﬁ’\ﬁ mHN S R EYE 2 5
| AR B S (agarose) b2 A Bk =EPEE, Ml e SR e v BRE E A BAR
FE s AR HEG X 1090A2 mlZ 588 Ae, INILAE B 533 FH 278 2 Ml B L E 8 18 IEPB
=] "'~,{§%HRO 8 mIFHE A2 mlE0.4% 8 iEEE BHAMHBHTZEY) A Zfﬁﬁ%ﬁ@%@ftZﬁr +
R D ImEBEEEEESEE - R37Cr & 27E oG, AR RIS FEMIpE i o = %’ﬁl‘]z};%
ﬂ:ﬁ%%% mmiﬁ% 2 B, BEE £ ¥ (colony) 2 PB,BHA BiBH T %F 527E12,27E 20 E120E 56
L L, SRR AGE & 858 P E B B iR L MREAERIE IS b2 4 5 it 5 H B £ % (colony)
1(22.23) PSR, M 271—32@%5@@%%‘@.! T ELPRB, BHAEzBHT
2 MM MEIETE M (proliferative activity) LIRS E B BR, INE—, B e =, Hrh
EL A & HERE(3 X 10°)E 7R 1) HRRE S 10 °MZPBEL10 "M ZBHASI &S, HIgE 2 &5
NERR G E 2 1S B RSN 37°Ce 84k JUK B aaRRE < M2 TE TS M BIRHEER 2 234, (B &
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Figure 5. Reversibility of 7-GT activity in 27E cells.

77107'M BHA

The activity of »-GT was reduced when PB(©) and

BHA(®%) had been retired from cultural medium
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AT b R A, 7 ed B RE PR - GT v PR DL e vk
Moo S E TS B (p < 0. 05)H FHEE R
i Bl s, gIE A\ AARE RS 2 PB,BHA BHTHS
ERAAFEVRETE B o R 7 i H S 5
—GTIEMEZ GE 7, AN L, 2 7TERIBE RS N B HARS
2 27E G, 10 *MZ BHAGE & ~GTilMEZ
BE J1(p < 0.01) B s, W15 BIRE 102 HHE 1 55 BHL
%51‘ PBE@BHA %27151?@271?33%5@&2} -GT
14 £ ﬁ@@ﬂﬁﬁaaﬁﬁﬁﬂzﬁﬂ%r MEBHA Z 758
P RTAPB, HAEAAE B AR R 2R I, I T
ffl(primary culture cells)f&EEUEY, RELL 2 B E
HARZ PR 2)-G T2 W0 E S ﬂﬁi@ﬂum My-GT
ZAEMEAME 2 A HHAERE A2 ORI (preneopl abtlc)ﬁﬁﬁ@
{b.22 (cytochemistry) iR a0 @ 2 - FE R Al il < 15
fE27.28.29.30) R [ 3% 3 P oz B T A o K B Bt
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Figure 10. Effect of epidermal growth factor biding

activity to confluent 27E:s cells by phenobarbital, buty-

lated hydroxytoluene, butylated hydroxyanisole.

A:1% DMSO,B: 10°M PB, C : 3X107*M PB, D :
107*M PB, E : 3X107°M BHT, F : 10"°M BHT, G :
3X107°M BHT, H : 107*M BHA, I : 3X107°M BHA,
J:107°M BHA. *p<0.05, **p<0.01, ***p<0.001 (stu-
dent’s t-test)
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Figure 9. Induction of 7-GT activity by pheno- VIR, AlE 1, EGFE & IR = 2 HIHR SR
barbital, butylated hydorxyanisole, butylated hydroxy- PIBHAE 10 *MEF 2 AU FE i 5 , T e bl R Bl
toluene. & = REYE R R M e IE R R A, B =E I
(1) 27E:s cells (after 6 weeks of incubation) PB¥ Vil A& £ 2 ik i*f‘f“j( b 2 kS
(2) 27E:7 cells (after 10 weeks of incubation) EGFEM < I FEFE BHARR EL G, FH R U BHT iz
(3) 27 cells (after 15 weeks of incubation) AR P EGF#E S ﬁﬂ%ﬂZ%ﬂa?& = Slas 3}
A: 1% DMSO, B: 10°M PB, C : 3X10"*M PB, D : MR T E L F KB EGFE 1M 85 8 < R BUF
107*M PB. E : 3X107°M BHT, F : 107°M BHT, G : (stimulation) i FEH 4 B2 BRFIEZR, =[]
3X10°°M BHT, H : 10 *M BHA, I : 3X107°M BHA. &2 PB.BHABIBHTZ 558 F27EsfAE-HEGFLZ
J:107°M BHA. *p<0.05, **p<0.01, **p<0.001 (stu- GRS KB BE 2@y, Sn b
dent’s t-test) R I P EGF e 8 TE M EERRINE &
2 BT IR B, RE DN S R EY)
AR EGF & e B H & BRI AL (hypertrophy) B EEENAREER, R~ N EH AR
B 18 48 (hyperplaisia) & At Bg 2 #E K (hepatic en- EGF#E1EE 2 R IIHIR R, aE-+—
largement) FFER RO G UIFE M AR B & R AL v-GTZWE M R 3 4 2168, Uik
TPAZEEE10°~10 "“melraEfHE 125 I-EGF i R R BB AL BE ] 2 BEER B H K (glu-
BT 2% T 52 /5 (cell surface receptors)Z &S 32 tathione)Z B F FH ke Ho i e BL 18 7 S s &2
35.36.37) [ PE SOMRDIE R A T BUINEEDNA 5 X THEESE , (IR A -G TG = 2 R (2 EY
< FEE A BT v] 55 B8 97 2405 T (mito- B 2 o BT U R, AR [R] M, B P B B R R
genic activity)Z 581b, B EGF Z #5178 1] Wﬁuﬁ@%“ﬁi,ﬂﬁ*tﬂ R EEE S E
VERL B S A (neoplasia)Z B2 EC (marker) 3%, 1 < T, - HEER R y-GT 2 #5 (receptor), X
O] BE R EGF BT I 48 &G M 2 AR R I 15 8 BE 2R 14— AR AL PR BEME B -G TR A~ 5 5
FE ORI R S R A i S 30404 1.4 2058 4[] MRS, 27 s ot A FEEE{E;@’E_W%;&&%& AR A
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BHTW%%% HUEGF# S IR E AR EYI R EHE &G ZERE, — N S AN
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Figure 11. The binding activity of Epidermal growth
factor to confluent 27E:; cells when phenobarbital, bu-
tylated hydorxytoluene and butylated hydroxyanisole
was retired overnight,

A:1% DMSO,B: 10°"M PB, C: 3X10 ‘M PB, D :
107°M PB, E : 3X107°M BHT, F : 107°M BHT, G :
3X107°M BHT, H : 107*M BHA, I : 3X107°M BHA,
J: 107°M BHA. *p<0.05, **p<0.01, ***p<0.001 (stu-
dent’s t-test)
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Figure 13. Effect of incorporation of *C-amino acid in
cytosol of confluent 27E;. cells by phenobarbital, buty-
lated hydroxytoluene, butylated hydroxyanisole.

A 1% DMSO, B: 107°M PB, E: 3>X10"°M BHT, H
. 107*M BHA. *p<0.05, **p<0.01, ***p<0.00] (stu-

dent’s t-test).
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Figure 12. Effect of incorporation of '*C-amino acid in
protein of confluent 27Es. cells by phenobarbital, buty-
lated hydroxytoluene, butylated hydroxyanisole.

A: 1% DMSO, B: 10°M PB, E : 3X10"°M BHT, H
: 107*M BHA. *p<0.05, "*p<0.01, ***p<0.001 (stu-
dent’s t-test)
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Figure 14. Effect of incorporation of I‘*C-»thymidimf‘: in
DNA of epithelial cells by phenobarbital, butylated hy-
droxytoluene, butylated hydroxyanisole.

A: 1% DMSO, B: 10°M PB, C: 3X10"*'M PB, D :
107*M PB, E : 3X10"°M BHT, F : 107°M BHT, G :
3X107° M BHT, H: 107*M BHA, 1 : 3X10"°M BHA,
J: 107°M BHA. *p<0.05, **p<0.01, ***p<0.001 (stu-
dent’s t-test)
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Studies on The Promotion of Transformation of Initiated Rat
Liver Epithelial Cell by Phenobarbital, Butylated

Hydroxyanisole and Butylated Hydroxytoluene

HSHINN-HSHIUNG TSENG AND *WENG-FOUNG HUANG

National Laboratories of Foods and Drugs, Department of Health, Executive Yuan

161-2, Kuen Yang Street, Nan Kang, Taipei, Taiwan, R.O.C.

*Graduate Institute of Health & Welfare Policy, National Yang-Ming University,
Shih-Pai, Taipei 11221, Taiwan, R.O.C.

ABSTRACT

Newborne wistar rats were injected (i.p)
with a single dose of 2-acetylaminofluorene (2-
AAF) for in vivo model of mitiation, one week
later, the hver epithehal cells were obtained by a
trypsinization of the pooled livers and used for
in vitro model to evaluate the promotion of cell
transformation by phenobarbital (PB), butylated
hydroxyanisole (BHA) and butylated hydroxy-
toluene (BHT). In the absence of promoting
treatment, the initiated liver epithelial cells

remained untransformation at least during 20
weeks of culture. At the certain concentration,
not only the growth and proliferative activity of
the mitiated hiver epithelial cells were effected
but also the marker of the transformation and
malignant tumor such as the activity of y-glu-
tamyltranspeptidase, epidermal growth factor
binding and DNA increasing were induced mn a
dose-response manner by in vivo-in vitro com-
bination model.

Key Words : phenobarbital (PB), butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), cell

transformation.
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