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FHEEI(REEE (copper 8-hydroxyquinolate ) HYERH L’,’é% 8-hydroxyquinoline £SE8 R
MEYBELEBERR > BTHRARGEEENASZNEGZE2Y » XXUUMEESEZER
( Ames test )~ FEE S EHBRE (rec assay ) LUK E EINEGHRY ( CHO ) Sk R BREAZHA ( sister
chromatid exchanges » SCE » assay ) ZELKIE M B3 (8HE ( short-term tests ) ZREZSZF(L TR
REARBRYE > AL Wistar KEZ = B B BE & &R B ( two-step
hepatocarcinogenesis assay ) Jz BRIk (V79 ) Z{HiufDp#ESR ( gap junctional intercellular
communication, GJIC ) EFIEENTFM: (epigenetic toxicity ) BRI (LIRE SR
R EM LR BT REBUEREE - ABRERERREGERG A EYRERZ B
RFEH - ERHFEERFRCREMASSCRRY » HEE (RYMECBEE Rz 1
IEHEEEAY DNA &% » EFRrtfE CHO #iftz SCE ERERIERM R - MEJEREREM A
H: RIGELEEEAGHIF] V79 IR GIIC » $HAREEEB] N-nitrosodiethylamine (DEN ) %
B R RE AR - e REFEEIER - RItREGELRENHEEE B30
FMAYIEBUER] (mutagenic-noncarcinogen ) 7 o [th4} > PRIGEEEIE R E RIS » -BX0ENE
#{tB8 ( r -glutamyltranspeptidase » GGT ) HITEMEIGINNLAE A IREESHE - H TR BT IE H
EBERENEE > At » GHREEREISUEREFHUGENREIIILE -

(BASER - RIGE - YIIHEEZEENE - AEEHEARE - gk a et
AR HIAERIRR LR - RS BT iE R (e e )
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i

#1452 ( copper 8-hydroxyquinolate »
oxine copper ) BB EIZAEHEAML ~
BT - AR~ ESE > R B g oK
MEFEFBIR ~ B EREEMEER
FV ZBREFRERE 72 F£&RLEEK
HRSHESHEEE ( OIRPEBGEE|E LD
£ AXEBE® 1060 mgkg » ZEHR-F > 9000
mg/kg ) - M—EKZREHE “€2" K
B3 - RMEFFMLAEDY) 8-hydroxyquinoline
(OHQ) REFIAM(EY  BXKE
IFigBed (S9) REHERes LRI E
[RIBEFECS 303439 5 s R RS HAREAY L 62
PO » OAREE ARG EsE s 2
@ (B HE R B BRI/ N RS AR B B A
RS Kb R G afe iR (SCE) Righn
@ HEBYHBEEREERTE 3
MR > BHaitBEBREENESE

( International Agency for Research on
Cancer, IARC) 315 C & ( BlE1YI3EREEEL
BB ) 1LEY - HERRGEREEF RN
OHQ HIFLEBFIREY » M5 BHiREAAY
EBEEF AR EE SR E SN
BB FERESRANE] » {HH —453F OHQ 2 43H
EBMEAIRGEZ SR EA B0 R
EBUETRETIEG BEE - A XXHMHEILE
YWEERRZTMY (genetic) EIFERFT M

(‘epigenetic ) J7THIRYEAE A RERZ MM LLER
B LR ARG E R R R vTRERYE
SRMEUEES -

FEERFENE T » AL FIE
[Bl{EZe¥# ( Salmonella microsomal reversion
assay, Ames test) @~ HEEEHEHBE

( Bacillus rec assay ) "L K& BEUN S
IR GRS HIER (S7E assay) (9%
Fik > RIS REEAE T [#E 2[R - DNA

il

RIBRER MR - LIRS AREESEES

MRS » K MRIRGERENERR
&) o MAEFFERF .S @ - BILIEE

g te g ETHIRERE (V79 ) AUNTRERGFE
I’ (GIIC) 3B ' LUK Wistar KB/
RSB AT R (R A AR CY > S B iR R B
155 [FEAN AL (cell transformation ) DA
(RERERSER (tumor promotion effect) J5
[AEREIEES -2

M ERTTE

e
115558 ( copper 8-hydroxyquinolate,

oxine copper °* Quinolate, CAS #10380-28-
6 )> FliEE 98%( Aldrich# 43644-5 )> L) dimethyl
sulfoxide ( DMSO ) ¥Af#A% 100 mg/ml §57F
WS P » SRR U R R
MERBRRF RS E by DMSO SELUITHEA
1%RIR - IR Ikm n AR EE AR
MR HcEERRE RS R
B o fpuEEEE (McCoy’s 5A Jz DMEM )
B M 55 R A L4 ( streptomycin Jz
penicillin ) B E Gibco; HIE SR E

( Nutrient broth ~ PYM medium J; Bacto
agar ) fH Difco » HEXMLEAZEREH Sigma
B Merck ©

AP &E B ERRERAFE ( Salmonella
microsomal reversion assay, Ames test)
# Ames J Maron K& FARFAER
E&F77% ( plate preincubation method ) @V » [
S. typhimurium TA98 J TA100 Eiffi (EH
Institute for Fermentation » IFO# 14193 &
14194 ) F5HPRL - 43 5\ A s B RIAYAE
AT AR B R ZE B T JE o L1 Aroclor
1254 (500 mg/kg b.w.) —RIEMEF SRR
7 M Spraque-Dawley KB, ( §8E 200
+20 g FEBEEIFIE SPF 8.0 ) AH
RIFHEUT » 4K Ames J Maron K2 F
ECVRIGHT IR PEBE SRR TR (S9) o
TRIGEEEEENL 4.1~1000 pe/plate B E#
B RILUIEAI SO HEL TRz ks o
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AEEPLL 1% DMSO SBinflaREEE
LL1 pg/plate 2-aminofluorene ( 2AF ) J 0.1
pg/plate 4-nitroquinoline-N-oxide (NQO) 43
FIESIN SO FRHEAZ IER B » SXERRT
BEEHER 5 SRR BRLL ttest 547
1E ~ B R I B A BE ) 4 HR R Ay 2= S
M R/ EEERE (least significant
difference » LSD ) T {R1GE s JIEEHIEE
ERSHEREA M HRROAY 52 » DARRMEEES (linear
regression ) S ATHIERIERGR © #% 1% #
E/KEE o

HEBESEMARTE (rec assay)
LA B. subtilis H17 (rec* arg try ) B M45
(rec4S arg try) EfE (IFO#14191 & 14192)
BHRL  BiE SR HHEA DNA EHFEH
EERE I MR BRIE o Kk Kada FZBEELE
AHIERIE (spot test) @ 1 HY 20 wl ZERIAW
(i S9 JE(L AR FRAR HISEHY 0.1 ml BERVAWK
Ed 0.1 ml SO REWRR 37°CHefME 30 4348 )
WESBREECEM (lawn) FRAYRETE
HM(ER 6mm) k> 37CHR 1~2 Xtk »
HREE 4 RHIFIE ( growth inhibition
zone ) HX > Ll mm FFEA] > |4 RHNFH
Dz ERMEZ o kB Ll 20 ul/disc
DMSO SAFEI¥E » 0.4 mg/disc 2AF & 8
pg/disc mitomycin C ( MMC ) 43BIS0 S9
RHESZIEREHR  HBRSEEE
2 5 EEEERA RS RLL t-test MATEERIHI H17
Bl M45 HHERNEREZREEY > Rz
M Kada K $EfE#"Y | & M45-H17 &
HHEERERE<? mm FHE “AK
FE” > A1 2-5 mm HiRES “BIERE" -
= Smm HRE"ERE HEE -

whikRBRE IR B (SCE assay)

CHO #iu (“hREFFEEeBIYIRT SRR
e ) DL McCoy's SA B5&E (1 10%
bovine serum » 0.22% NaHCO; » 0.03% L-

glutamine » 100 units/ml penicillin &z

streptomycin ) $5ER & 5% CO, ~95% RH
Z 3TCEEEFE o AN S9 FEEEFFK Perry B
Wolff Kz /712" > i S9 {E{LiR B Al ik
Stetka Bl Wolff FE.2 /7162 » {18 H R
1.6~200 ng/ml HIFHEA - 53 HILAITEA
11 S9 #£7T SCE #E% : 5x10° CHO [EE s
BIMARIEEEERK 30 uM BrdU £5% 22 /)
BF > Bi00.1 ml 10 pg/ml colcimid $EfEEEE
2 /NEE o SRTIREE LR 7 R i £
0.5% KCI {K5REEEE K Camoy's [EE IREREE
% > AR ES  ERaRZ > £8 FPG #ifB
125 > 1000x EEBEMETHELENE
N=21 Z#lififefy SCEs » K pRES 30 B
i > 6 B R R R SR o B L 0.01 mM
cyclophosphamide J 3.14 mM ethyl
methanesulfonate 43 BIESH0 SO E{LREEE
ZIEFEEIE » LL 1% DMSO SiaHI%E o
R Z et AL EIDFIE 18 22 85K
B o

BARBEHRERZERERE (dye
transfer in GJIC)

V79 #HpE ( ATCC#CCL-93 ) LI DMEM
A (0 10% fetal calf serum » 0.22%
NaHCO; » 0.03% L-glutamine > 100 units/ml
penicillin Jz streptomycin ) EEPZ 5%
CO, ~ 95% RH Z 37°CEzE+8 o 10%dish V79
HIRUPRIRESRRLL 0.1 ~ 10 pM {RIGEERRE
3 /| \E§t% > 2% El-Fouly® & Kang'” &2
BCRBEORAE RSB | At
FEELHY 200 wl B2 200 pl @A 1% agarose
BAILENEIE AR E R » A 1 ml
0.5% calcein (¥5i> PBS ) &&yeqva| » LI
BI7JE 4 BEHR IPERE 3 78R 4%
formalin ( ¥ PBS) HEE Wt EEAE
TR BN R SCRERYER( 488 nm BOE Leica
I3 @) BRI LAREMRE <M
HVELRERE (Llum SERIEG ) JEH
B 3 BN SEE 4 GRTIRZTI9H
JREEEE © NFIL 10 pM dieldrin £SHIHNHEIR



122 ERESEET F4aE F2H 199

FEZHTR > FEREL t-test MTEERI R H AR
AU RERE N -

—PEExATRE R (R B (tumor promotion
examination in two-step hepatocarcinogenesis )

FOoBE Y Wistar KB (BBEEEE
SPF &by ) > f8EK) 15010 13 » B
LSRR BN BEE R SHERE
BN EREEEE 25£1°C » HHEHEE 50-
70% > EREEERE 12 B UFE
Richardmond standard™ 12 #£ 2 ¥y 4R Lab
Diet ( PMI#5001 ) 6} Bz 368 7K A 2 o &
KgAK Z LB R (ad libitum ) > &
VASHIE 1 BEREETRER o

SAEENY) 15 #5800 DEN (100 mg/kg
bw. ) —RIEREES - FEBEERERS 3 8
SR — R E s ~ & 002% 2-
acetylaminofluorene  ( 2AAF ) gil¥l ( 1E#t
) k& 0.15% tRIG=aEe (2530
Bk LDso &2 1/10) RBHEREZE 12 HiEEiS
IR o HERSE 3 BRFRRERBYIER 23 5 i
BRI S R sk E e E R EIREREE -

REREL AT - BIYILIZ B SRk iR
FifE 80 ( abdominal aorta ) RRIMKEEM
H M KA BZ BR & B2 B8 ( aspartate
aminotransferase » AST ) ~ 1 & %5 i i B8
( alanine aminotransferase » ALT ) R#E L
S8 FRIFMRERCEE M3z
P B % > YTEUES A8 o Mg A e
EaYE (BRI 3 pm) - DIgRRERF
#[3% (Hematoxylin & Eosin, H&E ) f e
TR REE SLUNR VIR
#0 B & P15 ( proliferating - cell nuclear
antigen > PCNA ) AYBLERIIRE (19A2) 0 iE
ITHSRRELRES > BEFitZ DNA &
B4 (S phase) AVHIRREZEE - LMERHF
HORUETE R | AR AR -20°C iR
RswYIF (BB 5-10 um) & » #E1Ty-
BRENEELER (GGT) IEMHE® (B
BB L L2 - FERLL ttest ATEE

R BT = REEY - 1R 1% BEK
# o

w R

REBEMEERAHE > 5IEPAEZ
BEERRERE

RIS ERBWFIE R Hze R BaE R A
x— | BEhZIEA R EN RS OEE
R HBPREEZRESHEEE (1000
ng/plate ) Fr5 [REATEI{E 28 BB B LLIRE
BlEEHEED » HERMRRE
B o

FEAIN S9 GRIHRF » RIGEH TA9S R
TA100 FEEHERIEBKE - £ S9 1y
FET » RIGEREDHAR 2 [ERE6E TAS
B EEERBEE RS - (ERERNK
BREERY 2 % - AR ERERR | e
TA100 e - R BNy = (E R R HE
L OHEZSAREBEREES (P < 0.01) ) H
T EEAIES 2 FEL LS FIEERMT (R
BB IR EREEEEARE ) BRA
RESRFERREE (r=0994** ) q[H, -
RIGEIE SO fERBREMERRERFES|
FEVDF TR R BRSO E o

(RISBEATIREEFEAHIE IR EER) DNA
g gy
REERHEEFEARESRUOK
=12 mg/disc REGFEZHFEHFE - ¥
H17 (rect) &k M45 (rec’) AL R
B o RIMAT S9 IHLIEHEAIIRGEE » AR
EIEEESINY M45 (rec’) ZAEFRHIF] (#HIH]
BB 10.6£0.5 mm BEFEERES1Z H17
(rec”) RYAERIISH (HIHEER 6.0£0.0
mm ) BEAZESRE 4.6 mm > K Kada KZHRE
AR “BEERIERR” o BAR S9
EEREEAML  REERERHIBEER
R HEETE DNA FBSEEE IRIREIE T o
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Table 1. Effects of oxine copper on gene mutations in Sa/monella microsomal reversion assay

123

) Revertants/plate!
Oxine copper ; T ; .

(ug/plate) Wlthc?ut S9 activation . W]th S9 activation :

' TA9S strain TA100 strain TA98 strain TA100 strain
41 - 302 £17.5 1558 + 35.8 828 £ 55 ** 1474+ 59
12.3 286 £139 1212 £ 223 80.6 £ 3.0 162.0 £15.0
37 33.0 £125 138.0 + 16.8 67.8 £229 162.8 £23.6
111 484 + 54 1602+ 93 74.6 £ 278 2554 + 447 **
333 36.4 £12.5 142.0 + 15.0 830+ 9.0 * 4128 +60.0 **
1000 182+ 938 134.4 + 43.5 538+ 69 359.8 £ 18.7 **
Check control 432 +10.7 148.6 £ 37.6 616 + 8.0 152.0 + 14.1
DMSO 402 % 75 148.6 £ 25.5 614+ 40 155.8 £ 20.6

Positive control

187.8 £22.5 ** 777.0 £ 100 ** 986.6 £ 160 ** 6842+ 106 **

Y The data were obtained from 5 replicates. Within a column followed by "*" or "**" represent
significant difference between treatments and check control at the level of 5% or 1%,
respectively. '

2 Positive controls: 0.1 pg/plate of 4-nitroquinoline-N-oxide in assay without S9 activation, and 1
pg/plate of 2-aminofluorene in assay with S9 activation.

K- REEHMEREZ DNA BURZE
Table 2. Damaging of oxine copper on DNA in B. subtilis

. Liver Growth inhibition zone? s

Treatment" " Response®
S9 H17 (rec®) M45 (rec)

Check control 6.0+0.0 6.0+0.0 -
DMSO 20 pl/disc + 6.0+0.0 6.0+0.0 -
Mitomycin C 8 pg/disc - 36422 564+22 +
Oxine copper 2 mg/disc - 6.0+0.0 6.0+ 0.0 -
2-Aminofluorene 0.4 mg/disc + 6.0£0.0 11.0+£2.0 +
Oxine copper 2 mg/disc + 6.0+0.0 10.6 £0.5 +

D" An aliquot of 20-ul DMSO was directly added onto the paper disc in diameter of 6 mm which
was placed on the center of bacterial lawn. Other treatments were supplemented with 20 pl of
compound solutions and then expressed in dose/disc. Concentrations used in positive controls
were referred to Kada (1980) ®¥. Stock solution of oxine copper at the concentration of 100
mg/ml was employed in assay.

2 The inhibition zones were measured in diameter of mm from 5 replicates in each treatment.

3 According to Kada (1980) ®®, when the growth inhibition zone from same treatment in M45 (rec’)
than that of H17 (rec*) 1is less than 2 mm or larger than 5 mm was specified as negative or
positive response, respectively. Otherwise was classified as questionable positive responses.
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{R1588%4 CHO #ifaz SCE RIEMTHE
BISFHRBE R B B R SRR H B
RG4S SCE FERFERAIE= © 3B
2 EEA K IE SRR IR - (RIGEE
BRI - AR EAT SR (8 K 200
pg/ml) HEEIEMAAMEEY SCE (BHE/KHESY
FIES 5% K 1%) > {ERBERER G H
¥ (r=0920) o] RH¥ CHO #ifiwny DNA
BRI B R E o KM IRGE
SS9 RINFERERADNGRS - AEMIEERS
BIEGRE (40 2 200 pg/ml) FEHEIEZS SCE
(REEKESHIR 5% ke 1%) HRIER
FERATREEZE (1 = 0.980% ) (RIGEERIHHIN SCE
RO EERR S9 ROMCRHTMIESE - (BERBE AT
SCE i 2 fELlE » HREBIRERE
BHIREZRAE » I ERERARE -

RISEBE V79 MRz GJIC REHFIER
RESES V79 /Y GIIC BBkt R
0 : B (calcein ) FEMEEERIpEH

MRS GIIC FEZRgERERE 185.2441.7
pm/min » 4 89 ZTFLE FRYPSGELRIEEES
180.7+22.0 um/min > S9 Z{FLFEA EHTA
B9 GIIC AR 2 o {1 S IREER] (10 uM
dieldrin ) fi calcein #Effflz GIIC RERYH
BEREEE 43.7£19.2 um/min » £ S9 ZFF
ETFRYELRESRE 125.9£36.4 um/min > Hf
SR dieldrin £8 S9 LY GIIC AUHIGBIRLE
a5 B EAGIE I RfET = REE N 1%

RIGELEELE 50 uM DU AR EEE
REAIR 3 /EF > BHREG ARG
71 FIEBFIREHEA (0.1~10 uM) Z
£ LSRRG GIIC BARE - B1RE
=E S9 [A)RFEREIMNENY - BRI MRS
A > 50 uM 2 IERE R R fE MR REEC
£ 0.1~10 pM ZEEEENAEE » RS
TR B CGBIfEME GIIC FERIELE o
R85 5 B B R FE I SR D AT Ik B SR s L Bl
75 0 B V79 #fERY GIIC e (R )e

= ~ 55 CHO il sk e iR &
Table 3. Effects of oxine copper on SCE in CHO cells

Treatment SCEs/cell (n = 60)"

(ng/ml) Without S9 activation With S9 activation
1.6 8§2+12 86+1.3
8 87+13* 84+16
40 85+1.1 94+]19*
200 9.4 +1.4** 11.1 £2.2%*
Check control 82+12 87+14
DMSO 8.1x12 84+£13
Positive control” 23.6 +3.9%* 23.0 £ 4.3%*

D Means of sister chromatid exchanges were observed from 60 cells in each treatment. Data within

a column followed by "*" and "**" represent significant difference between check control and

treatments at level of 5% and 1%, respectively.

2 Positive controls: 3.14 mM of ethyl methanesulfonate in assay without S9 bioactivation and 0.01

mM of cyclophosphamide in assay with S9 bioactivation.
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Table 4. Effects of oxine copper on GJIC in V79 cells

Oxine copper

Distance of dye transfer ( um/min )

(uM) Without S9 activation With S9 activation
0.1 1489+16.8 183.7+£20.6
0.5 181.5+242 185.9+154
1 1852 +242 192.2+13.6
5 1593 +14.7 175.6 £22.9
10 181.5+39.1 1948 +11.4
Check control 1852 +41.7 180.7+22.0
Dieldrin 10 pM? 43.7+£19.2 ** 125.9 +36.4 **

" Means of dye transfer distance in each treatment was scored in three replicates each in four

scrapes. Data within a column followed by “**” represent significant inhibition in GJIC at level

of 1%.

? Positive control used in both assays with and without S9 bioactivation.

IRIEBAE(RF Wistar KB ZFEEIEER
157

Wistar KEA® DEN [EHEI%k » LISEER|
B — it 89 L BR £ oz S B A e (e o 3R B
12 ;BHAM » BB CIR RS t-test 747
WRITMELEZR > ABRAETEANCS
EHEONBYWNRLEEZE (B8R
7)o R EIRHEREE RIS E BTG
BRUMAZERIEE » ££ 2AAF REHATY
B 14.7£1.5 mg/kg b.w/day » fERESEEH
FHPIE 104.6216.1 mg/kg b.w./day o

B — MBS iy ALT ~
AST RN S ERIRTMEE R (&
BEEHETGRA | AST S8 143.0216.7
UL, ALT &5 683+7.1 UL, MEHSE
£ 5.794043 ¢/DL ) > FREER|Z BRRRE
£ 12 BRR R AT R SE RS o

2AAF GIHERRHENEIFECS
4 BB EEE TR » FFRsMRE
A RAEET (nodules ) » HBRINEYIFHY

GGT-IEZYwtt: (foci) SBHZHF » GISYIF
Z H&E ZaH| Rt E S 200
B » fpsz e K B A L 22wt »
BB IEE MRS KL » EERRIEIE
EETE M W BEig - mEMEE
I BPCNA-TF G Hpui% S B thik s
(E— ) e R R R HAML » 2AAF
Z YRR F(E SR LE g 63.1% »
GGT-IERERIE S 215 fZ » PCNA-TFZ40
B 7.6 % (RH) o MAEREEE
FIER M - BiiS Ei Mo » R E
TEREth R RAE£AR > EIFLLEBEZE TR
18.8% » YT A2 H&E Zfan] BT
hEFLHER - IR EERRS
HE—LmRBABEBERES (B—) 8
R GGT-IEREMEEE L7t 3.4 5 (HEZEK
# 1% ) > #R1j PCNA-IE S E Ik
HERS (RA) REEEEL KRR
Wistar KB FFIRREREZRK o
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DEN plus basal diet DEN plus 2AAF DEN plus oxine copper

Qo

[ xterior morphology

c .~
1 .

H& - staining

GG stamning

PONA staining

[l — ~  BSEIFIERIA%S 12 38,2 Wistar ALK DEN ISIVET ER R R 6 LA — Ml ( foid )
Zr QAAF (PR (il ) B DRt (4o HW ) B Z IR Sy b e o a-co BF
RESHBURE ( REEWLEES cm ) o d-f CRYIIT 2 BRAE BRI (H&E ) ey [ 200x
Wim S ) et (Y] 2y RE R LA ( GGT ) G PER(N (100 e ) .

j-l R AT ( PONA ) MR GAE Rt (200 Ee )
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Fig. 1. Histologic examination of liver tissues from animals given DEN injection i.p. followed by
basal, 2AAF- and oxine copper-containing diet (left-, middle-, and right-column,
respectively) in two-step hepatocarcinogenesis assay at the 12th week of the experimental
regime. (a-c: exterior morphology; d-f: 200x magnification of H&E staining in paraffin
section; g-1: 100x magnification of GGT staining in cryosection, j-1: 200x magnification of
PCNA immunostaining in paraffin section). Liver morphology from animal treated with
DEN only was shown in figure (a). Paraffin section of this tissue in H&E staining observed
regular arrangement of cells in liver lobule (d). Activity of GGT in red color was rarely
occurred just at bile duct (g). Proliferating hepatocytes at S-phase were almost non-
observed in the PCNA-immunostaining in which the negative response of blue nuclei was
resulted from a contrast staining with hematoxylin (j). Positive control in DEN plus 2AAF
treatment, many nodules were obviously appeared on the outlook liver (b). Abnormal
hepatocytes, e.g. oval cells or enlarged nuclei, were frequently observed in paraffin section
of H&E staining (¢). This neoplastic nature of lesions was identified with GGT activity in
hepatocyte (h). Proliferating hepatocytes at S phase were immunostained with PCNA-
positive nuclear in brown color (k). Although the exterior morphology of rat livers was not
changed by the treatment of DEN plus oxine copper (c), some cavities were occurred in
lobules with penetration of blood cells (f). Activity of GGT was also appeared in
hepatocytes besides in bile duct (i). However, few PCNA-positive nuclei were observed in
this tissue (I). These results suggested that oxine copper did not promote the hepato-
carcinogenesis but probably damage on rat liver in chronic.

xO -~ REEEFEAREERBP N KENE - FFLLE - 7 -SIEEE CEE 1 g
HIE "
Table 5. Effects of oxine copper on body weight, relative liver weight, GGT, and PCNA in
examination of two-step hepatocarcinogenesis in Wistar rat at 12th-week"

. 2) Body weight Relative liver GGT area® PCNA positive
Feeding group . )
(2 weight (%) (mm?/cm?®)  nuclei (no./mm?) ¥
Basal diet 494.0+£20.1 3.14+£0.11 1.01 £0.48 291+237
0.02% 2AAF 3933 +17.9% 5.12 + 0.69** 21.71 +5.15%*% - 2224 £935*%*
0.15% Oxine copper 467.9 +45.0 2.55+0.22% 344 +137%*  476+3.17

 Five animals of male Wistar rats were examined in each treatment. Data within a column
followed by "**" and "**" represent significant higher and lower than basal diet treatment at level
of 1%, respectively.

? All animals were received DEN injection i.p. (100 mg/kg b.w.) and then fed with basal, 2AAF-
or oxine copper-containing diet.

? Three continuous cryosections of liver tissue from each animal were cut in thickness of 5-10 pm
and activity of GGT was histochemically stained on the method of Rutenburg et al. @.
Quantitative assessment of GGT-positive area in liver tissue was analyzed with the aid of an
image analyzer (Leica Quantimet 500).

9 Paraffin sections of liver tissue in thickness of 3-5 pm were immunostained with mouse anti-
PCNA monoclonal antibody (19A2) based on the menu in Universal Immunostaining Kit
(Immunotech #1474). Number of PCNA-positive nuclei in each slide was scored in 100
continuous frames each in area of 0.045 mm?.
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nl—,llﬂ

EvS
o -

REEFGFEZT EPMHZER S
B~ EEMEEZ DNA LIRSEE CHO #
iz SCE » a] RRTG S L2 EE 5 Ha A< 5 I ft
HREMH o RMRGESR S9 iM% -
HERSHEKREE® > EEEDME
TA100 H9[EI{EZERBIE % B AR RER (7
7 (FR—) HHEE < DNA 9fiERE
Jiigsk (R=) > HFERIEZEmEE CHO
iRy SCE 8% (F=) o HERRGERA
HREmAEERENY - BHBEAEZE VT
Ry GIIC » A (R EAFIRER 2
B4 > Hajge R B GEMLH MR (R E R
% “FFERFN HTEHNEE  RE
EIREBHARB RS ‘BEERE
MAYIESYE ( mutagenic non-carcinogen ) ” o
R RAYIRIG =5 R FTEAT R K
SR B RS TA100 BEREMFE TA98 » H
HRFHEERAEKXTGRPEEERMIEE
BRI R B E » NREER AR ERY
BRARP B A MIERE: DNA /Y
BRERE - P EHEREPHERER H17
(rect) . M45 (rec’) EFEE# Y DNA B
Gl E1EREF1 22 S %t ey » AABHREY
REENHERZEREEAGEREE
“BORIERFESFR” AYRSRAT R S
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ABSTRACT

You, B. Y., Wang, Y. H?, and Kuo, M. L.! 1999. Evaluation of genotoxicity and
carcinogenicity on fugicide, copper 8-hydroxyquinolate, by short-term tests. Plant
Prot. Bull. 41: 119-132. ( 'Institute of Toxicology, College of Medicine, National Taiwan
University, Taipei, Taiwan, R.O.C.; *Taiwan Agricultural Chemicals and Toxic
substances Research Institute , Taichung, Taiwan, R.0.C))

Copper 8-hydroxyquinolate (oxine copper, Quinolate) is one of the most widely
used fungicides in Taiwan. Recently, the parent compound of oxine copper, 8-
hydroxyquinoline, has been found to be a mutagen as well as a potent carcinogen. In
this context, it seems necessary to re-evaluate the mutagenicity/carcinogenicity of oxine
copper. To evaluate the genotoxicity of oxine copper, a battery of short-term tests, 7.e.,
Salmonella/microsomal reversion assay (Ames test), rec assay and sister chromatid
exchanges (SCEs) assay, were employed in this study. Furthermore, the tumor
promoting effects of oxine copper were also examined by wusing in vivo
hepatocarcinogenesis as well as in vitro gap junctional intercellular communication assay.
In the presence of rat liver S9 extract, oxine copper significantly induced base-pair
substitution of his gene in S. typhimurium TA100, DNA damages in Bacillus subtilis and
SCEs in CHO cells. However, oxine copper did not induce genotoxic responses in these
systems in the absence of rat liver S9 extract. In two-step hepatocarcinogenesis
examination, oxine copper did not alter the morphology of rat liver and the number of
proliferating cells; yet, the relative liver weight was reduced. Oxine copper failed to
mhibit the GJIC in V79 cells either in the presence or absence of S9 bioactivation.
These results suggest that oxine copper did not promote hepatocarcinogenesis in Wistar rats.
However, y-glutamyltranspeptidase activity was increased in oxine copper-treated rats
implying that a chronic toxic response occurred in treated liver. Toxicity of oxine
copper in mammals should be evaluated further and more detailed mechanisms should be
studied to diminish the risk of oxine copper-induced mutagenicity and/or carcinogenicity.

(Key words: copper 8-hydroxyquinolate, Ames test, rec assay, SCE assay, GJIC, two-
step hepatocarcinogenesis)



