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The effects of 1-O-hexyl-2,3,5-trimethylhydroquinone
(HTHQ), phenylethyl isothiocyanate (PEITC), 3-O-ethylascor-
bic acid, 3-O-dodecylcarbomethylascorbic acid and n-hep-
tadecane-8,10-dione were analyzed in a rat multiorgan carci-
nogenesis model. Groups of 15 animals were given a single
intraperitoneal (i.p.) injection of diethylnitrosamine and 4 i.p.
injections of N-methylnitrosourea as well as N-butyl-N-(4-
hydroxybutyl)nitrosamine in the drinking water during the
first 2 weeks. Then 4 subcutaneous (s.c.) injections of dimeth-
ylhydrazine and 2,2’-dihydroxy-di-n-propylnitrosamine were
given in the drinking water over the next 2 weeks for
initiation. Test compounds were administered during the
initiation or post-initiation periods. The dietary dose was 1%
except for n-heptadecane-8,10-dione and PEITC (0.1%). Com-
plete autopsy was performed at the end of experimental
week 28. All 5 compounds reduced the number of lung
hyperplasia, particularly PEITC when given during the initia-
tion period. In addition, HTHQ lowered the incidence of
esophageal hyperplasia in the initiation period, and of small
and large intestinal adenomas in the post-initiation period.
However, it also enhanced the development of hyperplasia
and papilloma in the forestomach and tongue. PEITC low-
ered the induction of esophageal hyperplasia, kidney atypical
tubules and liver glutathione S-transferase placental form
(GST-P)-positive foci when given during the initiation period
but enhanced the development of liver GST-P positive foci
and urinary bladder tumors in the post-initiation period.
Moreover, it induced hyperplasia of the urinary bladder. Our
results indicate minor adverse effects for HTHQ in the
forestomach and tongue, and demonstrate that PEITC, which
inhibits carcinogenesis at the initiation stage in several or-
gans, also exhibits promotion potential in liver and urinary
bladder in the post-initiation stage under the present experi-
mental conditions. Int. J. Cancer 76:851-856, 1998.
© 1998 Wiley-Liss, Inc.

furyl)acrylamide (AF-2) (Hiroseet al., 199%) and its administra-
tion is not effective in preventing dimethylnitrosamine enhancement
of hepatocarcinogenesis after initiation with diethylnitrosamine
(DEN) (Hirose et al., 199%). These findings suggest that the
preventive effects of HTHQ might be specific for certain chemicals
such as HCAs.

3-O-ethylascorbic acid (EAsA) and G-dodecylcarbomethyl-
ascorbic acid (DAsA), novel water soluble and lipophilic ascorbic
acid derivatives, respectively, both have strong antioxidant activity
with a low reducing potential (Nihret al., 1991). EAsA reduces
mammary tumor induction by 7,12-dimethylbenz[a]anthracene
(DMBA) (data not shown), while DAsSA exerts chemopreventive
effects in the liver when given together with Glu-P-1 (Hiresel.,
1993, 199%) but not the mammary gland in PhiP-treated rats
(Hiroseet al.,1995).

n-Heptadecane-8,10-dione (HDD) is a newdiketone type
antioxidant, structurally similar to n-tritriacontane-16,18-dione
(TTAD), extracted from the leaf wax dEucalyptus(Osawa and
Namiki, 1981). TTAD has been shown to inhibit pancreatic and
hepatocarcinogenesis in a multiorgan carcinogenesis model in the
post-initiation period (Hiroset al.,1991), although not during the
initiation period (Takabeaet al., 1997). However, accumulation of
crystal deposits due to ingestion of TTAD occurs in the intestinal
mucosa (Hiroseet al., 1991). In order to overcome this problem,
the chemical structure of TTAD was modified to produce the HDD,
which can be easily absorbed in the intestine. Its chemopreventive
potential has hitherto remained unclear.

Phenylethyl isothiocyanate (PEITC), a primary product of
thioglucosidase-catalyzed hydrolysis of gluconasturtiin, is a natu-
rally occurring compound found in certain cruciferous vegetables
(VanEttenet al.,1976). It is reported to decrease DMBA induction
of mammary tumors in female Sprague-Dawley rats (Wattenberg,
1977) and forestomach and pulmonary adenomas in female ICR/Ha

Many antioxidants have been investigated for their potentials g§ce ‘(Wattenberg, 1977), N-nitrosobenzylmethylamine (NMBA)-

cancer chemopreventive agents. Since these act as radical scayR{irced esophageal carcinogenesis in male F344 rats (Stgiin
gers, or phase | or Il enzyme inducers or inhibitors, they would beygs; Stoneet al.,1991; Wilkinsoret al., 1995) and N-nitrosobis(2-
expected to mainly modify carcinogenesis during the initiatiogxopropyl)amine-induced lung and pancreatic tumors in hamsters
phase. (Nishikawa et al., 1996). Inhibiting effects of PEITC on lung
1-O-hexyl-2,3,5-trimethylhydroquinone (HTHQ) is a novel syntumorigenicity and DNA adduct formation in the 4-(methylnitrosa-
thetic strong antioxidant with lipophilicity, which has a strongmino)-1-(3-pyridyl)-1-butanone-treated F344 rat and A/J mouse
anti-mutagenic activity against 8 carcinogenic heterocyclic aminbave also been demonstrated (Moeseal., 198%,b). An earlier
(HCASs) contained in cooked meat, using the Ames assay in tBgperiment in our laboratory has shown that simultaneous treat-
presence of an S9 mixture (Hiroseal., 1993, 199%). Simulta-
neous administration of HTHQ decreases the induction of mam———— ) ) )
mary adenocarcinomas by 2-amino-1.methy6-phenylimidazola & 8137, seensces Soelt fr Promotnof Panoleay of ey, Sar- B
b]pyridine (PhIP), a major HCA, in female F344 rats (Hir&t@l., \yaifare Japan. y
199%). Furthermore, a clear reduction of preneoplastic glutathione '
S-transferase placental form (GST-P)-positive foci caused
2-amino-6-methyldipyrido[1,2:3',2'-d]imidazole (Glu-P-1) or 2-  *Correspondence to: First Department of Pathology, Nagoya City
amino-3,8-dimethylimidazo[4,5t]quinoxaline (MelQx) has been U”;V%rs'ty Mgd'c_alssfh5°2°gjz*<gg"la73“é”" M:_leiho":hov M'Z%ho'k“' Nagoya
observed in rats cotreated with HTHQ. In contrast, this antioxidafip+ Japan. Fax: (81) 52-842- - E-mail: kogawa@med.nagoya-cu.ac jp
does not modify the mutagenicity of N-methyl-Mitro-N-
nitrosoguanidine, benzo[a]pyrene and 2-(2-furyl)-3-(5-nitro-2- Received 19 August 1997; Revised 24 December 1997



852 OGAWAETAL.

croup "2 2 404 , 28wks MATERIALS AND METHODS
Animals
1-5 | Male F344 rats, aged 5 weeks, were purchased from Charles
River (Kanagawa, Japan). They were housed 5 to a plastic cage
6-10 with wood chips and maintained in an air-conditioned room at22

2°C with a 12 hr light/12 hr dark cycle. Powdered semisynthetic
basal diet (Oriental MF, Oriental Yeast, Tokyo, Japan) and tap
water were made availabéel libitum.

i / |

DMBDD-treatment

Chemicals

DEN (purity > 99%), N,N-dimethylhydrazine (DMH; pu-
rity > 98%), N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN; pu-
rity > 97%) and PEITC (purity > 98%) were purchased from
Tokyo Kasei Kogyo (Japan), N-methylnitrosourea (MNU; purity

Test chemicals in diet

: o ;gﬂ’;‘fég“im;p ;g';;*yyl'a:;i‘:‘:Ce‘;“(y;’:j:;’q“'”°”e HTHY) % about 50% in water) from Sigma-Aldrich (Tokyo, Japan) and
MNU, P -0- 1% oy P A - ) ’ 4o
B BBN, 0.05% in drinking water 3-0 -Dodecylcarbomethyl ascorbic acid (DAsA) 1% 2’2 dlhydroxy dl n propylnltrosamme (DHPN' purlty 85 90 /0)
Y :DMH, 40mg/kgbws.c. n-Heptadecane-8,10-dione (HDD) 0.1% fl’OfT‘! Nakarai (Osaka, Japan)_. HTHQ (purity99.9%), EASA
#Z2: DHPN, 0.1% In drinking water  Phenethyl Isothiocyanate (PEITC) o1%  (purity > 97%) and DASA (purity > 97%) were synthesized at

Dainippon Ink (Tokyo, Japan). HDD (purity 98%) was a gener-
Ficure 1— Experimental protocol of the multiorgan carcinogenesieus gift from Eisai (Tsukuba, Japan).
bioassay. The initiation treatments were performed within the first 4
weeks. Test chemicals were fed during the initiation period (grouggeatment
1-5) or post-initiation (groups 6-10). Group 11 was the initiation As shown in Figure 1, at the age of 6 weeks, 15 animals each in
control and groups 12-16 were the non-initiation test chemical contrglyoyps 1-11 received the DMBDD initiation treatment (Hasegawa
etal.,1992), composed of a single intraperitoneal (i.p.) injection of
100 mg/kg body weight (bw) DEN, 4 i.p. injections of 20 mg/kg bw
ment with PEITC inhibited the development of GST-P-positive fodINU and 4 subcutaneous (s.c.) injections of 40 mg/kg bw DMH
in Glu-P-1-treated rats but that it enhanced foci in the postvithin 4 weeks, together with 0.05% BBN in the drinking water
initiation stage in a medium-term liver bioassay system after DE#ring the first 2 weeks and 0.1% DHPN in the water over the next
initiation (Hiroseet al.,199%). PEITC increases the multiplicity of 2 weeks. HTHQ, EAsA, DAsA and HDD, as well as PEITC, were
DMBA-induced mammary tumors (Lubet al.,1997). given in the diet at concentrations of 1%, 1%, 1%, 0.1% and 0.1%,
It is well known that modifying effects of chemicals may diﬁerreSpECt'Vely' Diets were prepared every 2 weeks using a mixer.

. o o . - THQ, EAsA and DAsA are stable at room temperature, and
with the organ and the timing of administration (lto and Hiros EITC is reported to be stable for at least 10 days in a refrigerator at

1_989), so that systematic analysis is re_qw_red _before chemoprevg (Morseet al., 198%). PEITC and HDD were kept at 4°C and
tive agents can be considered for application in humans. Effects@if,er giets were stored at room temperature. All diets were changed
these antioxidants on carcinogenesis in the post-initiation periQfice a week throughout the experiment. For the simultaneous
have not been studied systemically. In the present study, the effegdgninistration groups (1-5), the compounds were fed from 1 day
of HTHQ, EAsA, DAsA and HDD in the initiation as well as pefore the start of the 4-week initiation schedule until 1 day after
post-initiation stages have been investigated using PEITC ash@ completion of initiation. For the post-initiation treatment
positive control for chemoprevention by a medium-term multiolgroups (6—10), exposure to test compounds started 1 day after
gan carcinogenesis bioassay in rats, utilizing a wide spectrwompletion of the initiation schedule and continued until the
initiation protocol (Itoet al.,1991). sacrifice. Animals in group 11 were treated with DMBDD alone as

TABLE | —BODY AND RELATIVE ORGAN WEIGHTS AT THE END OF EXPERIMENT

Group Treatment i BOd}G‘)’ eloht (%Llc;lfekgw) (ozlg? bw)
DMBDD plus
1 HTHQ 14 341.3+ 16.2 2.6+ 0.1 0.30= 0.02
2 EASA 15 332.6+ 23.8 2.7+ 0.1 0.32+ 0.03
3 DASA 14 325.1+ 37.0 2.7+ 0.3 0.35+ 0.17
4 HDD 14 341.0+ 14.4 2.8+ 0.2** 0.31+0.02
5 PEITC 13 368.7 21.4*%** 2.8 = 0.1* 0.29+ 0.01
DMBDD —
6 HTHQ 14 307.1+ 19.4** 3.0 £ 0.2%** 0.34 = 0.01**
7 EASA 15 320.6+ 16.9 2.6+ 0.1 0.32+ 0.04
8 DAsA 15 318.2+ 15.0 2.9+ 0.1** 0.31+ 0.02
9 HDD 14 333.8+ 27.6 2.8+ 0.2** 0.32+ 0.04
10 PEITC 14 317.6- 33.1 3.2+ 0.5%** 0.35 = 0.07
11 DMBDD alone 15 329.6-17.3 2.6+ 0.3 0.31+ 0.05
Without DMBDD
12 HTHQ 10 353.0f 11.1*** 2.9 = 0.1*** 0.31 = 0.01***
13 EASA 8 376.9+ 23.4 2.9+ 0.2** 0.29 = 0.02
14 DAsA 10 374.7+ 15.2 2.6+ 0.1 0.28+ 0.01
15 HDD 10 397.2+ 21.0 2.7+ 0.1* 0.28+ 0.01
16 PEITC 10 375. 7% 12.4 3.0% 0.1%** 0.29 = 0.01*
17 Non-treatment 10 3871 21.6 2.6+ 0.1 0.28+ 0.01

1In groups 1-5 and 6-10, test chemicals were given during the initiation period and after the initiation
period, respectively. Significant differences: groups 1vd@1 or 12-16vs.17: *p < 0.05, **p < 0.01,
01

**+ < 0.001.
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TABLE Il — INCIDENCE (%) OF THE HISTOPATHOLOGICAL FINDINGS FOR THE DIGESTIVE ORGANS, URINARY BLADDER AND THYROID

Group
1 2 3 4 5 6 7 8 9 10 1
Organs and lesions DMBDD plus DMBDD — DMBDD
HTHQ EAsA DAsA HDD PEITC HTHQ EAsA DAsA HDD PEITC alone
(n=14) (=15 (=14 (n=15 (n=13) @®M=14) (=15 (n=15 (=15 (n=13 (=15
Tongue
Hyperplasia 0 0 0 7 14 29 0 0 0 0 0
Papilloma 0 0 0 0 0 29 0 0 0 8 0
SCC 0 0 0 0 0 0 0 0 0 8 0
Esophagus
Hyperplasia 14* 47 36 67 15* 50 60 67 50 54 67
Papilloma 0 7 0 0 0 0 7 0 0 0 0
Forestomach
Simple hyperplasia 35 13 57 33 8 93** 33 13 21 54 33
PN-hyperplasia 0 0 29 7 0 50 0 7 0 0 7
Papilloma 0 0 7 0 0 36 0 7 0 0 0
SCC 0 0 0 0 0 14 0 0 0 0 0
Small intestine
Adenoma 14 7 21 29 31 0* 13 20 14 50 33
Carcinoma 14 7 14 21 23 0 0 20 14 14 7
Large intestine
Adenoma 43 33 29 29 54 0* a7 13 14 7 27
Carcinoma 0 40 7 43* 0 7 13 0 7 0 7
Urinary bladder
Simple hyperplasia 57 53 47 50 21 29 73 13 36 100** 40
PN-hyperplasia 14 7 20 29 7 36 47 7 7 100*** 13
Papilloma 21 7 0 7 0 0 7 0 0 33 7
Carcinoma 14 7 0 0 0 0 0 0 0 33 7
Thyroid
Hyperplasia 23 7 14 43** 15 15 7 21 14 23 0
Adenoma 0 0 7 7 8 0 0 0 7 15 0
Carcinoma 0 0 0 21 8 8 0 0 21 8 7

In = number of rats. SC& squamous cell carcinoma. Significantly different from group p1<*0.05, **p < 0.01, ***p < 0.001.

a Carcinogen control. Six further groups of 10 rats each were fedABLE Il — QUANTITATIVE DATA FOR GST-P-POSITIVE FOCI IN THE LIVER
HTHQ, EAsA, DAsA, HDD, PEITC or basal diet at the same

GST-P-positive foci

concentrations as for groups 1-10 without DMBDD treatment. oy, Treatment r\g;rpal:gr Number Aren
Animals which died during the experiment or were sacrificed upon (number/cri) (mnPlcn?)
becoming moribund were autopsied. All surviving rats were killed OMBDD bl
under ether anesthesia at the end of week 28 and complete plus
autopsies were performed. All those which were alive at the % EX?B %51 %ggﬁ gg* %Lgf éé
19-week time point were included in the effective numbers. Py Sr A

A ) . 3 DAsA 14 13.3£ 4.2 1.0= 0.4
Formalin-fixed and paraffin-embedded sections of tongue, stom- n +06*

(ec ar rembedde ! . 4 HDD 14 158+ 7.1 1.4+ 0.6
ach, small intestine, large intestine, liver, lungs, kidneys, urinary g PEITC 13 12.1+ 2.0 0.7+ 0.2%**
bladder and thyroid glands were prepared routinely and stained DMBDD —
with hematoxylin-eosin (H&E) for histological analysis. In addi- 6 HTHQ 14 135+ 4.0 1.2+ 04
tion, 3 slices of each liver were fixed in ice-cold acetone and 7 EAsA 15 152+ 3.4 1.3+0.3*
immunohistochemically stained for evaluation of GST-P-positive 8 DAsA 15 12-5f 34 1-2f 04
foci using an image analyzer (Olympus VIP-21). The Student’s 1% EEII:')FC 11‘2 112629§ ig*** 11~50; 8-2***
t-test and Fisher’s exact probability test were used for statistical : ' SN A
analysis of the data. 11 DMBDD alone 15 11.8:25 1.0+ 0.2
Significantly different from group 11: g < 0.05, **p < 0.01,

* p'< 0.001.
RESULTS

Final average body and relative liver and kidney weights aend large intestines (Table Il), significant reduction in the tumor
shown in Table I. Increases in body weight of rats given PEIT@cidence was observed in group 6. In group 4, the incidence of
during the initiation period and decreases in those given HTHQ farge intestinal adenocarcinomas was increased. In the liver (Table
the post-initiation period and without initiation were observed. Thgl), numbers of GST-P-positive foci were increased in groups 1, 7
relative liver weights were increased in some groups treated wishd 10, and areas of foci were increased in groups 4, 7 and 10, but
these chemicals during initiation, in the post-initiation period alecreased in group 5. Liver tumors were not found in any of the
without initiation. The kidney weights were increased in rats givegroups. The numbers of lung hyperplasias were reduced in groups
HTHQ in the post-initiation period or without initiation, and inthe2, 3, 5, 6, 7, 8, 9 and 10, but the incidences of adenomas and
PEITC-treated rats without initiation. carcinomas did not significantly differ (Table 1V). In the kidney

Quantitative data for tumors and preneoplastic lesions in tfi€able V), the numbers and/or incidence of nephroblastomas were
DMBDD-treated groups are summarized in Tables II-V. In theeduced in groups 1, 4, 5 and 7, and the number of atypical tubules
esophagus (Table II), the incidence of hyperplasia was reducednaas decreased in group 5. Adenomas were not found in this group.
groups 1 and 5. Significant increase in the incidences of hyperpla-the urinary bladder (Table II), the incidences of papillary or
sia and papilloma in the tongue and hyperplasias and papillomasivdular (PN)-hyperplasias and tumors were also increased in group
the forestomach were observed in group 6 (Table I1). In the smdl0. The incidence of hyperplasias in thyroid glands was slightly
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TABLE IV — HISTOPATHOLOGICAL FINDINGS FOR THE LUNG

Group Treatment ’\:,L:Talzgr . Hyperplasia (%) Tumor incidence (%)
Incidence Number/rat Adenoma Carcinoma
DMBDD plus
1 HTHQ 13 13 (100) 23.9 438 2 (15) 0
2 EASA 15 15 (100) 16.2= 3.8%* 0 0
3 DAsSA 15 15 (100) 19.1F 5.5%%* 3(20) 0
4 HDD 14 14 (100) 27.1 59 1(7) 0
5 PEITC 13 13 (100) 8.% 3.0%** 0 0
DMBDD —
6 HTHQ 13 13 (100) 19.9- 6.1%* 1(8) 0
7 EASA 14 14 (100) 22.6- 6.0* 1(7) 0
8 DASA 14 14 (100) 20.5 6.0%* 2 (14) 0
9 HDD 14 14 (100) 18.65 6.1%** 1(7) 0
10 PEITC 13 13 (100) 22.7 5.2 3(23) 1(8)
11 DMBDD alone 15 15 (100) 26.8 4.4 0 1(7)
Significantly different from group 11:p+<< 0.05, **p < 0.01, ***p < 0.001.

TABLE V — HISTOPATHOLOGICAL FINDINGS FOR THE KIDNEYS

Group Treatment Number : Atypical tubules . Adenoma Nephroblastoma
ofrats ncidence Number/rat  Incidence Number/rat  Incidence ~ Number/rat
DMBDD plus
1 HTHQ 15 14(93) 5.1 35 3(20) 0.2£0.4 6(40)* 0.6+ 0.7*
2 EAsSA 15 15(100) 4.4-2.3 3(20) 0.2£0.4 9(60) 0.7+ 0.7
3 DAsA 14 14 (100) 5.3:2.9 3(21) 0.2£0.4 11 (79) 0.9+ 0.5
4 HDD 14 14 (100) 4.9- 2.5 4(29) 0406 6(43)* 0.6=0.8
5 PEITC 13 12(92) 1.5 1.0%** 0 4 (31)** 0.5 *0.8*
DMBDD —
6 HTHQ 15 15(100) 5.7 2.0 1(7) 0.1£0.2 12(80) 1.1+ 0.7
7 EAsSA 15 15(100) 4.3-2.3 3(20) 0.3+ 0.7 6(40)* 0.5* 0.6
8 DAsA 15 15(100) 4.7+ 2.1 1(7) 0.1£0.5 12(80) 0.9+ 0.6
9 HDD 14 14 (100) 5.3: 2.3 3(21) 0.3:0.6 9(64) 0.7+ 0.6
10 PEITC 13 13(100) 4925 3(23) 0.4£0.7 9(69) 0.8+ 0.6
11 DMBDDalone 15 15(100) 4.% 2.3 2(13) 0.1+=0.3 13(87) 1.2+ 0.8
Significantly different from group 11:p< 0.05, **p < 0.01, ***p < 0.001

TABLE VI — SUMMARY OF THE EFFECTS OF THE POTENTIAL CHEMOPREVENTIVE AGENTS ON VARIOUS ORGANS

Small Large Kidney Urinary
Group Treatment Tongue Esophagus Forestom::lcnnestme intestine ung Epithelial Nephroblastoma bladder

Thyroid Liver

DMBDD plus
HTHQ —
EAsA —
DAsA —
HDD —
PEITC —
DMBDD —
HTHQ o —
EAsA — —
DAsA — —
HDD — —
PEITC — —

5&000\1@ OORWNE
LR
[ 110 |
[ 1] 4 |
‘
| | 44|
| ]
|« @4
I
[ 0|
0110

|
KKK K

|

|
11l

le = inhibitory effect;« = enhancing effect; — no effect.

increased in group 4 (Table II). The results for groups 1-10 aseavengers, phase | or Il enzyme inducers or inhibitors, cell cycle
summarized in Table VI. In the groups fed each test chemical alomediators or protein kinase inhibitors, we have concentrated our
without DMBDD treatment, there was no significant induction oattention on this group of compounds as possible chemopreventive
lesions, except forestomach simple hyperplasia (p/2;0.001, agents and found great efficacy, especially for HTHQ (Hiretsa.,
compared with non-treated control group) in the HTHQ-treatet®93, 199%—C). In the present study, positive effects of 4
group and urinary bladder simple hyperplasia (10f16; 0.001) antioxidants and PEITC were observed when administered during
and PN-hyperplasia (6/10;< 0.05) in the PEITC-treated group. the initiation or post-initiation periods in a medium-term multior-
There were no pathological findings which could account fgan carcinogenesis model, but as in earlier studies, adverse
decrease in body weight or increase in liver and kidney weight ifluence was also noted for most of the compounds.
the non-initiation groups. In our previous study, HTHQ showed a very strong chemopreven-
tive action on Glu-P-1 or MelQx-induced rat hepatocarcinogenesis
DISCUSSION (Hirose et al., 199%) and PhIP-induced rat mammary gland
carcinogenesis when given simultaneously (Hiretsal.,1995%). It
The identification of chemopreventive compounds is preseniiy considered a primary candidate for chemoprevention of HCA-
given a high priority. Since many antioxidants act as radicéhduced carcinogenesis. At a dietary dose of 1%, it decreases the
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size of DMBA-initiated rat mammary carcinomas when given ifiorms crystal deposits in the intestinal mucosa (Hireseal.,

the post-initiation stage (data not shown), and in the preset@91). Although curcumin was found to reduce the incidence of
experiments, it inhibited the development of small and largeenzo(a)pyrene-induced forestomach carcinomas and azoxymeth-
intestinal tumors after initiation. It also slightly depressed initiatioane-induced colon adenocarcinomas in initiation and post-
of esophageal carcinogenesis. On the other hand, HTHQ itselitiation stages (Huangt al., 1994), it might not be practical to
induced simple hyperplasia in the forestomach with a highse TTAD or HDD as chemopreventive agents.

incidence, and slightly enhanced forestomach and tongue carcinopg|TC inhibited carcinogenesis in the esophagus, lung, kidney,
genesis with administration during the post-initiation period. Thg/er and pancreas during the initiation period, in line with previous
enhancing effect of HTHQ on forestomach carcinogenesis appegssults using nitrosamines such as 4-(methylnitrosamino)-1-(3-
to be much weaker than that of the phenolic antioxidant bUty|atWridyl)-1-butanone (Morset al.,198%), N-nitrosomethylbenzyl-
hydroxyanisole (BHA) and comparable to thatteft-butylhydro-  amine (Siglinet al., 1995; Stoneet al.,1991) and\-nitrosobis(2-
quinone (TBHQ) (Hiroseet al., 1993). BHA was found to oxopropyl)amine (Nishikawat al.,1996).

enhance urinary bladder carcinogenesis (Imatlal., 1983) and 1o "nossible mechanisms of inhibition by PEITC include
butylated hydroxytoluene (BHT) to promote urinary bladder (Ima'dﬁlnterference with metabolic activation (Staretz and Hecht, 1995),

et al., 1983), esophageal (Fukushinet al., 1987) and thyroid j,qction of phase Il enzymes (Zhang and Talalay, 1994). activa-
carcinogenesis (Hiroset al., 199%). TBHQ also enhances fore- o of 3NK1 which can phosphorylate various transcription factors
stomach and esophageal carcinogenesis (Hirsel., 1993) o) yding phase Il detoxifying enzyme genes (¥ual., 1996) or
when high doses are given. Anti-mutagenic activity of HTHG g once DNA alkylation (Morset al., 198, b; Wilkinson et al.,
against Gqu—P-lggdu(_:ed mutadgen(te_S|s_dust|_ng thf(fe Ame? S:Q'rsl‘j‘y [n& 5). However, administration of PEITC in the post-initiation
Presenpeo an F%[?X%‘ge ant antiox| gl\tll‘?fe e%ts:[ob h % Nriod enhances urinary bladder and hepatocarcinogenesis and
Iver microsome € ~ System were both found 10 b€ NIYNESh e 1 cayses high incidences of simple and PN-hyperplasia in the
among the phenolic antioxidants BHA, BHT, TBHQ and propy},jyary pladder, even without initiation, as shown in the present

gallate (Hiroseet al., 1997). Considering that humans do nog 4 :

. y and as reported previously by Lubettal. (1997). In a
p?stiessﬁforellstom?'ch,.cljﬁleQfmayks]tlll have thetgreatestllpo'i_eq fig-term carcinogenicity study, allyl isothiocyanate was also
ol the pnenolic antioxidants tor chemopreventive applcalioyqyn g induce hyperplasia and papillomas in the urinary bladder
particularly against HCAs. A dose-response study (0.125-1%) 4, \nnick et al.. 1982). PEITC (Hiroseet al., 1995) and benzy
HTHQ in male rats initiated with ethyinitrosourethane showefloiincyanate (data not shown) at a dose of 0.1% were also found
enhancing effects on forestomach carcinogenesis at the 0.2 .

dose, but findings for the tongue were equivocal (data not sho €nhance hepatocarcinogenesis in a medium-term liver bioassay.
» butfinding gue w quiv Wikhother isothiocyanate, 6-phenylhexyl isothiocyanate, enhances

In the present study, EAsA was only effective at inhibitingy-methylbenzyl nitrosamine-induced esophageal (Staeteal.,

induction of nephroblastomas, an uncommon tumor mostly foun@gs) and azoxymethane-induced colon (Real.,1995) carcino-
in childhood in humans. EAsA increased the number and areadginesis. Further studies are required for evaluation of the human

preneoplastic GST-P-positive foci, but not tumors, indicating thatfazard of isothiocyanates.
may weakly enhance hepatocarcinogenesis in the post-initiation | conclusion, 5 chemicals which have been reported to be

fSt?ge' thﬁsAzwas Wrig.‘OUt _e;f%ctr_in tthe prtesetngexpr)“erirgink meratﬁemopreventors demonstrated different spectra in terms of modi-
ho € 0 eh ascorbic ?C' ﬁe |;/a Ives tested, only EAS Ig}fying potential and/or organ specificity as summarized in Table VI.
ave any chemopreventive efiect. Our data further confirmed that for the overall evaluation of

In many of the groups treated with antioxidants or PEITC eithhhemopreventive compounds, consideration of all organs and
during or after initiation, reduction in the number of lung hyperplageatment timing are critical.

sias was apparent but the incidence of lung tumors was not reduced
except with EAsA or PEITC treatment during the initiation period.

Weak enhancement of colon, thyroid and liver carcinogenesis
was found in rats treated with HDD during the initiation period. A This work was supported in part by a Grant-in-Aid for Cancer
similar 3-diketone derivative, TTAD, and curcumin did not showResearch from the Ministry of Health and Welfare, Japan, a grant
any modifying effects when given during multiple initiationfrom the Society for Promotion of Pathology of Nagoya, and
with 3,2’ -dimethyl-4-aminobiphenyl, N-ethyl-N-hydroxyethyl- funding from the San-Ei Gen Foundation for Food Chemical
nitrosamine and DHPN (Takal&t al., 1997); in addition, TTAD Research.
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