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ABSTRACT

The modifying effects of five phenolic antioxidants on A-nielhv l-.V-
nitro-/V-nitrosoguanidine (MNNG)-initiated forestomach and glandular
stomach carcinogenesis were investigated in male F344 rats. Groups of
20 rats were given an Â¡ntragastricdose of 150 mg/kg body weight MNNG,
and starting from 1 week later received diet supplemented with 0.8%
catechol (CC), 1.0% 2-rert-butyl-4-methylphenol, 1.5% p-fert-butyl-
phenol, 1.5% methylhydroquinone, 1.5% 4-methoxyphenol (4MP), or
basal diet alone for 51 weeks. Further groups of 10-15 rats were
maintained as controls without prior treatment with MNNG. The inci
dences of squamous cell carcinoma of the forestomach in MNNG-treated
animals were significantly elevated by the diets containing CC (/' <
0.001), 2-tert-butyl-4-methylphenol (P < 0.001), or p-terf-butylphenol
(/' < 0.01), while the development of carcinoma in situ was inhibited by
4MP (P < 0.01). Treatment with CC, 2-fert-butyl-4-methylphenol, p-
tert-butylphenol, or 4MP alone induced forestomach hyperplasia at
incidences of 86.7, 40,93.3, and 100%, respectively. In the pyloric region
of the glandular stomach, the development of adenomatous hyperplasia
and adenocarcinoma after MNNG treatment was significantly enhanced
by diet containing CC (P < 0.001). Moreover, treatment with CC alone
induced 100% adenomatous hyperplasia and induced adenocarcinoma in
20%>of animals. These results clearly demonstrated that while antioxi
dants causing proliferation in forestomach epithelium can markedly
enhance carcinogenesis in this tissue, others displaying the same or
greater potential for generating a hyperplastic response, like 4MP, can
exert an inhibitory effect. In addition, it was shown that CC, which is
widely present in our environment, is an unequivocal glandular stomach
carcinogen also possessing strong enhancing activity for MNNG-induced
lesion development.

INTRODUCTION

Since the first demonstration of the carcinogenicity of an-
tioxidant BHA3 for the forestomach of rats (1-3) and hamsters

(3), a number of structurally similar phenolic antioxidants have
been examined for their hyperplasiagenic potential in rat (4-6)
or hamster (7, 8) forestomach epithelium. Thus TBMP and
PTBP were found to be as potent as BHA in inducing forestom
ach hyperplasia, while CC, 4MP, and MHQ were somewhat
less effective. On the other hand CC and 4MP induced an
increase in the labeling index of hamster glandular stomach
epithelium when the animals were treated with these chemicals
in the diet for 20 weeks (8).

Such phenolic antioxidants are present as important constit
uents in plants, foodstuffs, cosmetics, cigarette smoke, hair
dyes, photographic developer, or as industrial chemicals (9-14)
and therefore their influence on tumor development is of prime
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interest. Their effects may be, however, in part species or sex
dependent, TBMP for example not inducing forestomach hy
perplasia in female SD rats (15), and no clear association
between potential to cause proliferation and modification of
tumorigenesis has been established. Continuous p.o. adminis
tration of 2% 4MP to rats was as effective as 2% BHA for
induction of forestomach hyperplasia and in addition caused
deep circular ulcers (16). Furthermore, like BHA it inhibited
benzo(a)pyrene (BaP)-induced forestomach carcinogenesis in
mice when given together with the carcinogen (17). 4MP was,
however, far less effective in inhibiting 12-0-tetradecanoyl-
phorbol-13-acetate-induced ornithine decarboxylose activity in
the skin of female CD-I mice (18). Catechol has been reported
to possess cocarcinogenic potential for the skin of female ICR/
Ha Swiss mice treated with BaP (19) or for the esophagus of
rats treated with methyl-/i-amylnitrosamine (20), but it did not
promote skin carcinogenesis of mice initiated with BaP (21).

It has long been known that chemicals which have a potential
for causing hyperplastic changes may also show carcinogenic
and/or enhancing effects in their target organs when adminis
tered after appropriate carcinogen initiation of experimental
animals. For example, clear enhancement of methylnitrosou-
rea- or MNNG-initiated forestomach carcinogenesis was ob
served in rats given BHA after carcinogen exposure (22-26),
whereas BHT, sodium ascorbate, ethoxyquin, and a-tocopherol
which do not exert comparable hyperplasiagenic action do not
show such effects (22, 23, 25, 27). Similarly, BHA, BHT,
sodium ascorbate, sodium bicarbonate, or sodium saccharin
which all induce increase in labeling index and/or hyperplastic
change in urinary bladder epithelium (28, 29) were found to
enhance Ar-butyl-Ar-(4-hydroxybutyl)nitrosamine- or methylni-
trosourca initiated urinary bladder carcinogenesis (25, 26, 30-
34).

In the present experiment, the modifying potential of five
chemicals, CC, TBMP, PTBP, 4MP, and MHQ, which cause
proliferative activity in hamster forestomach and/or glandular
stomach epithelium, was examined in rats pretreated with
MNNG.

MATERIALS AND METHODS

Animals. A total of 195 male F344 rats (5 weeks old) were obtained
from Charles River Japan, Inc., Atsugi, Japan. The animals were
randomly divided into 12 groups of 10-20 animals each and housed 5
to a plastic cage with wood chips for bedding in an air-conditioned
room at 22-24Â°Cwith a 12-h light- 12-h dark cycle. They were main

tained on Oriental MF basal diet (Oriental Yeast Co., Tokyo, Japan)
and tap water ad libitum.

Chemicals. MNNG (CAS 70-25-7) was purchased from Sigma Chem
ical Co., St. Louis, MO. CC (CAS 120-80-9; purity, >98%), PTBP
(CAS 98-54-4; purity, >95%), MHQ (CAS 95-71-6; purity, >98%),
4MP (CAS 150-76-5; purity, >99%), and TBMP (CAS 2409-55-4;
purity, >99%) were from Aldrich Chemical Co., Milwaukee, WI. The
chemical structures of these compounds are given in Fig. 1.

Experimental Protocol. At 6 weeks of age, 120 animals were given
150 mg/kg body weight of MNNG in saline by stomach tube. From 1
week later, groups of 20 rats were given Oriental MF powdered diet
containing 1.5% CC, 1.0% TBMP, 1.5% PTBP, 1.5% MHQ, 1.5%
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Table 1 Body, liver, and kidney weights
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(co

CH3

2-t-Butyl-4-methylphenol

(TBMP)

CH3

C(CH3)3

p-t-Butylphenol

(PTBP)

Methylhydroquinone
(MHQ)

OCH3

4-Methoxyphenol

(4MP)

TreatmentMNNG

-Â»CCMNNG
â€”TBMPMNNG
-Â»PTBPMNNG
->MHQMNNG
â€”4MPMNNG
â€”basaldietCCTBMPPTBPMHQ4MPBasal

dietNo.

of
rats191820201819151515151510Av.bodywt332

Â±38Â°'*295
Â±15'356
Â±28'433

Â±23406
Â±16'432

Â±21356
Â±18'306
Â±14'360
Â±14'437

Â±24405
Â±14427
Â±30Liver

wt (g/
100 g body

wt)3.06
Â±0.58'5.88
Â±1.38C2.40
Â±0.16*2.38
Â±0.12*2.72

Â±0.13'2.30

Â±0.102.68
Â±0.12*4.51
Â±0.33'2.36Â±0.10C2.37

Â±0.12'2.64
+0.10'2.59
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(g/100g
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Â±0.04e0.92
Â±0.05e0.60
Â±0.03C0.56

Â±0.030.69
Â±o.oy0.55
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Â±0.02C0.95
Â±0.04'0.59
Â±0.03C0.58
Â±0.04'0.64
Â±0.04Â°0.52

Â±0.02

Fig. 1. Chemical structures of the phenolic compounds used in this experi
ment.

4MP, or basal diet alone for 51 weeks. The antioxidant doses were
chosen based on the previous experiment done in hamsters (8). Other
groups of 10-15 animals each were treated with 1.0% TBMP, 1.5%
PTBP, 1.5% MHQ, 1.5% 4MP, 1.5% CC, or basal diet alone for 51
weeks without pretreatment with MNNG. In the case of catechol,
animals were given a diet containing 1.5% catechol for the initial 4
weeks, the concentration then being reduced to 0.8% until the end of
the experiment because of marked reduction in body weight gain. No
reduction in effective concentration of chemicals was observed after
storage of diets either in the dark for 3 weeks or in a glass food
container for 3 days at room temperature. Animals were weighed once
every 2-4 weeks. Rats becoming moribund were sacrificed for autopsy,
and surviving animals were killed under ether anesthesia at the end of
week 52. The stomach, esophagus, liver, kidneys, and intestines were
removed, and the liver and kidneys were weighed and fixed in 10%
buffered formalin solution. Formalin was injected in the esophagus,
stomach, and intestines and later they were opened via an incision
along the greater curvature. After fixation, six sections each were cut
from the anterior and posterior walls of the forestomach and glandular
stomach. Tissues were processed in the usual ways for histopathological
examination.

Animals that survived more than 40 weeks were included in the
effective numbers. Student's / test and x2 test statistics were used for

the evaluation of the data.

RESULTS

The final body weights of animals given MNNG followed by
CC (P < 0.001), TBMP (P < 0.001), PTBP (P < 0.001), or
4MP (P < 0.001) and of those given CC (P < 0.001), TBMP
(P < 0.001), or PTBP (P < 0.001) without pretreatment with
MNNG were significantly lower than those treated with
MNNG and basal diet alone, respectively. However, liver and
kidney weights expressed as g/100 g body weight of animals
treated with the chemicals, except MNNG followed by MHQ,
were significantly higher than those of corresponding control
groups (Table 1).

Grossly, in animals treated with MNNG alone (Fig. 2) or
MNNG followed by MHQ small papillary or polypoid tumors
were found in the forestomach. In contrast, in animals treated
with MNNG followed by CC (Fig. 3), TBMP (Fig. 4), or PTBP,
the forestomach was occupied by very large single or multiple
tumor masses. In addition, animals treated with MNNG fol
lowed by 4MP (Fig. 5) had large ulcers parallel to the limiting
ridge with only a few tumors developing on the adjoining
mucosa.

In animals treated with MNNG alone, only one rat had a
polypoid lesion in the pyloric region of the glandular stomach,
whereas in those treated with MNNG followed by catechol (Fig.
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Â°Mean Â±SD.
*â€¢'Significantly different as compared to the corresponding control

group at (*)/Â»<0.05 and O P< 0.001.

Fig. 2. Macroscopic findings in the stomach of a rat treated with MNNG
alone. Small papillary tumors are evident in the forestomach epithelium.

Fig. 3. Macroscopic findings in a rat treated with MNNG followed by catechol.
Note large tumors in the forestomach and irregularly thickened pyloric region of
the glandular stomach.

3) and in those treated with catechol alone (Fig. 6), the pyloric
region was diffusely thickened with focal development of small
hollowed lesions.

Microscopically, the lesions in the forestomach could be
classified into hyperplasia, carcinoma in situ (Fig. 7) and squa-
mous cell carcinoma (Fig. 8). Carcinoma in situ is defined as
carcinoma found within hyperplastic epithelium without inva
sion of the submucosa.
1
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Fig. 4. Macroscopic findings in the stomach of a rat treated with MNNG
followed by TBMP. The forestomach is occupied by large tumor masses.

Fig. 7. Carcinoma in situ. Hyperplastic epithelium is composed of atypical
squamous cells. Cancer cells do not invade the submucosa.

Fig. 5. Macroscopic findings in the stomach of a rat treated with MNNG
followed by 4MP. There is a large circular ulcer in the forestomach. and small
tumors arc present adjacent to the ulcer.

Fig. 8. Squamous cell carcinoma. Atypical squamous cells with cornification
demonstrating downward proliferation into the muscle layer.

Table 2 Hislological changes in the forestomach

No.ofrats(%)No.

ofTreatmentMNNG

â€”CCMNNG
-.TBMPMNNG

-.PTBPMNNG-.MHQMNNG

-Â»4MPMNNG
â€”basaldietCCTBMPPTBPMHQ4MPBasal

dietrats191820201819ISISISISIS10Hyperplasia19(100)18(100)20(100)20(100)18(100)19(100)13(86.7)r6(40)14(93.3)c015(100)f0Papil-loma18(94.7)18(100)Â°19(95)13(65)16(88.9)13(68.4)1

(6.7)01

(6.7)01

(6.7)0Carci

nomainsitu8(42.1)9(50)8(40)7(35)1

(5.5)Â»11

(57.9)000000Squamouscellcarcinoma19(100)f17(94.4)'1

5(75)*6(30)05

(26.3)000000

Fig. 6. Macroscopic findings in the stomach of a rat treated with CC alone.
The pyloric region of the glandular stomach is diffusely thickened, and focal
patchy thickening of the forestomach epithelium is evident.

HistolÃ³gica! findings for the forestomach are listed in Table
2. Hyperplasia was induced in all animals treated with MNNG
and in some rats without pretreatment with MNNG. The

"â€¢*'r Significantly different as compared to the corresponding control group
at (Â°)P < 0.05, ftP<O.Q\. and f) P < 0.001.

incidences were significantly higher in rats treated with CC
(86.7%, P< 0.001), PTBP (93.3%, P< 0.001), or 4MP (100%,
P < 0.001) than in the control group (0%). No hyperplasia was
observed in rats treated with MHQ. The incidence of carcinoma
in situ was significantly lower in rats given MNNG followed by
4MP (5.5%, P < 0.01) than in the control group (57.9%),
whereas the incidences of squamous cell carcinomas were sig
nificantly higher in rats given MNNG followed by CC (100%,
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P < 0.001), TBMP (94.4%, P < 0.001), or PTBP (75%, P <
0.01) than in the control group (26.3%). Squamous carcinomas
were not induced in rats treated with MNNG followed by 4MP,
but the value was not significantly different from that of the
control group. Leiomyosarcoma was induced in one rat each in
the groups treated with MNNG followed by PTBP or 4MP.

Lesions in the glandular stomach could be classified into
adenomatous hyperplasia (Fig. 9) and adenocarcinoma (Fig.
10). In adenomatous hyperplasia, mature foveolar epithelium
and/or pyloric glands proliferate downward into submucosa.
Mitotic figures are frequently found, but structural and cellular
atypia are minimal. Adenoma was included in adenomatous
hyperplasia in this experiment. In adenocarcinoma, proliferat
ing glands are more atypical, have more fibrous connective
tissue, and sometimes invade into the muscular layers.

HistolÃ³gica! findings for the glandular stomach are shown in
Table 3. In the fundic region, adenomatous hyperplasia was
induced in 15.8 and 16.7% of rats treated with MNNG followed
by CC and PTBP, respectively. In contrast, in the pyloric region,
the incidence of adenomatous hyperplasia in rats treated with
MNNG followed by CC (100%, P < 0.001) and that of adeno
carcinoma (94.7%, P < 0.001) were significantly higher than in
the control group (5.3 and 0%, respectively). Moreover, ade
nomatous hyperplasia and adenocarcinoma were also induced

Fig. 9. Adenomatous hyperplasia of the pyloric region. Mature surface epithe
lium or pyloric glands proliferate into the submucosa.

Fig. 10. Adenocarcinoma of the pyloric region. Atypical glands proliferate
irregularly into the submucosa with dense stromal connective tissue.

in 100% and 20% of rats treated with CC alone. The adenocar-
cinomas were all of well differentiated tubular type except in
one rat treated with MNNG followed by TBMP which had a
signet ring cell carcinoma.

Tumors were not observed in other organs examined such as
the esophagus and intestines.

DISCUSSION

The results of the present experiment clearly demonstrated
that TBMP, PTBP, and CC significantly clearly enhanced
forestomach carcinogenesis in rats treated with MNNG (results
of catechol were previously reported in Ref. 34). Comparative
effects of the investigated phenolic compounds with regard to
proliferation stimulation, carcinogenicity, and promotion activ
ity in rat or hamster forestomach epithelium based on the
present experiment and some other previous experiments are
summarized in Table 4. For example TBMP and PTBP were
previously shown to induce severe hyperplasia in hamster fore-
stomach in a 20-week experiment at the same doses as in this
experiment (8). Chemicals which have a strong proliferative
effect on hamster forestomach epithelium thus seem to exert a
strong enhancing effect on rat forestomach treated with
MNNG. However, CC which showed only a weak response in
hamster (8) also had a strong enhancing effect, and MHQ and
4MP which were as effective as CC in inducing moderate
hyperplasia in hamster forestomach (8) showed no enhancing
effect or rather an inhibitory effect, respectively. Thus, the
chemicals which exert a weak proliferation stimulus in hamster
forestomach do not necessarily exert an enhancing effect for
rat forestomach carcinogenesis.

The fact that the incidence of hyperplasia in rats treated with
TBMP was low and that no hyperplasia was observed in animals
treated with MHQ further suggest that hamster forestomach
epithelium is more susceptible than that of rats with regard to
induction of forestomach hyperplasia, in agreement with earlier
findings (3).

It is of interest that 4MP, which was more potent than TBMP
in inducing forestomach hyperplasia, showed a clear inhibitory
effect in forestomach carcinogenesis, whereas TBMP, which
strongly enhanced forestomach carcinogenesis, induced fore-
stomach hyperplasia in only 40% of treated animals. Forestom
ach carcinogenesis of rats treated with MNNG is strongly
enhanced by posttreatment with BHA (22-24). While TBMP
was as potent as BHA in enhancing MNNG-initiated forestom
ach carcinogenesis, it evokes far less hyperplasia. Thus, the
results gathered thus far indicate that potency for induction of
hyperplasia in the forestomach epithelium does not directly
correlate with enhancing effect of forestomach carcinogenesis.
Analogous findings were reported by Malkinson et al. (35), who
showed that posttreatment with TBMP, which induced more
pronounced toxicity followed by proliferation of alveolar cells
than BHT, did not promote lung tumorigenesis in mice treated
with urethan while BHT did. They therefore suggested that
different metabolites of BHT were responsible for lung toxicity
and lung tumor promotion. Similarly, Lindenschmidt et al. (36)
demonstrated that continuous exposure to 70% oxygen brought
about increased labeling of alveolar type 2 cells in A/J mice,
whereas the same treatment after a single i.p. injection of
urethan inhibited lung tumor production. They concluded that
hyperoxia killed developing tumor cells in mouse lung. Witschi
et al. (37, 38) also concluded that the enhancing effect of BHT
on mouse lung tumor development was not due to the produc
tion of diffuse alveolar cell hyperplasia, because in mice treated
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Table 3 Hislological changes in the glandular stomach

No. of rats with lesions (%)

FundicregionTreatmentMNNG

-.CCMNNG
â€”TBMPMNNG
â€”PTBPMNNG
â€”MHQMNNG
â€”4MPMNNG
â€”basaldietCCTBMPPTBPMHQ4MPBasal

dietNo.

of
rats191820201819151515151510Adenomatoushyperplasia3(15.8)3(16.7)0000000000Adenocarcinoma1

(5.3)01(5)000000000Pyloric

regionAdenomatous

hyperplasia20(100)"00001

(5.3)15(100)Â°00000Adenocarcinoma18(94.7)Â°2(11.1)01(5)003(20)00000

' Significantly different as compared to the corresponding control group at P< 0.001.

Table 4 Comparison of phenolic compounds with regard to proliferation,
carcinogenicity, and promotion activity in rat or hamster forestomach epithelium

Chemicalsp-ffrt-Bulylphenol

2-Ãcr/-Butyl-4-methylphenol
Catechol
4-Methoxyphenol
Methylhydroquinone
Caffeic acid
BHA
BHTProliferationHamster

Rat+++

Â±Carcinogenicity

(rat)NE

NE
NE
NE
NEPromotion

activity(rat)**â€¢

Refs. 3, 7, 8 4 1-3, 56 15,22,24-26
* +++, marked: ++, strong; +, weak: Â±,slight: -, negative: NE, not examined,

or not carcinogenic in I-year experiment.
* Inhibition effect.
' Dose level was lower than for other rat experiments.
d Unpublished result.
' DMBA was used for the initiation.

prior to BHT with an inhibitor of mixed function oxidases,
such as SKF 525A or piperonyl Innovale, lung tumor develop
ment remained enhanced although they are known to prevent
the alveolar cell proliferation. In the present experiment 4MP
differed from CC, TBMP, and PTBP in that it caused down
ward hyperplasia and not the upward hyperplasia associated
with the latter compounds and that it induced forestomach
ulcer when given to rats after MNNG treatment. Continuous
P.O. treatment with 4MP to rats at a dose of 2% in diet was
also shown to induce forestomach ulcers similar to those in
duced in this experiment (16). Therefore, downward hyperpla
sia may not be as important for enhancement of forestomach
carcinogenesis, or toxic effects as evidenced by ulcer formation
may exert inhibitory effects on forestomach carcinogenesis.
Carcinogenic activity of CC, TBMP, and PTBP for the fore-
stomach epithelium should be judged very weak or lacking on
the basis of the low incidences of papilloma observed when the
compounds were administered without prior MNNG applica
tion.

A second important finding of the present investigation was
the strong enhancement of MNNG-initiated glandular stomach
carcinogenesis and additional induction of adenomatous hyper
plasia and adenocarcinomas by CC alone. Therefore, CC acted
as a complete glandular stomach carcinogen with a strong
promotive effect because spontaneous adenocarcinomas of the
glandular stomach are very rare (39-41) and because high yield
of preneoplastic adenomatous hyperplasia in rats treated with
CC alone. CC was earlier found not to be cocarcinogenic in
urinary bladder carcinogenesis (42), nor did it promote second
stage bladder carcinogenesis in rats treated with /V-butyl-jV-

(4-hydroxybutyl)nitrosamine (43). CC (44), TBMP, and PTBP4

are not mutagenic in the Salmonella system, but CC has been
reported to increase the transformation frequency of BALB/
3T3 cells treated with BaP or /3-propiolactone (45), to induce
sister chromatid exchange (46) and DNA breakage (47), and to
delay cell division in human lymphocytes in culture (48).

Some of the chemicals used in this experiment are significant
environmental contaminants. For example, catechol is a major
industrial chemical, one of the major phenols in cigarette
smoke, and is present in certain foods and hair dyes (9-14).
Catechol is furthermore formed in the degradation or metabo
lism of many synthetic and naturally occurring organic com
pounds such as phenol (49), benzene (50), quinic acid, and
shikimic acids (51). Since previous investigations of environ
mental factors have not demonstrated any association with the
high levels of glandular stomach cancer in some parts of the
world, with the exception of the promoting potential of bile
acids (52, 53) and sodium chloride (54,55), the present findings
are of great interest in suggesting that phenolic compounds,
and especially catechol, may play a role in human gastric cancer.
Further investigations are necessary to assess human risk po
tential of these compounds. Animal models will be of great
assistance in the elucidation of the mechanisms of underlying
nongenotoxic carcinogenesis and of promotion of carcinogen
esis.

REFERENCES

1. Ito, N., Fukushima, S., Hagiwara. A., Shibata, M , and Ogiso, T. Carcino
genicity of butylated hydroxyanisole in F344 rats. J. Nati. Cancer Inst., 70:
343-352, 1983.

2. Ito, N., Fukushima, S., TamaÃ±o,S., Hirose, M., and Hagiwara, A. Dose
response in butylated hydroxyanisole induction of forestomach carcinogene
sis in F344 rats. J. Nati. Cancer Inst., 77: 1261-1265, 1986.

3. Masui, T., Hirose, M., Imaida, K . Fukushima, S., TamaÃ±o,S., and Ito, N.
Sequential changes of the forestomach of F344 rats, Syrian golden hamsters,
and B6C3Fi mice treated with butylated hydroxyanisole. Jpn. J. Cancer Res.,
77:1083-1090, 1986.

4. Hirose, M.. Masuda, A., Imaida. K., Kagawa, M., Tsuda, II.. and Ito, N.
Induction of forestomach lesions in rats by oral administrations of naturally
occurring antioxidants for 4 weeks. Jpn. J. Cancer Res., 78: 317-321, 1987.

5. Nera, E. A., Lok, E., Iverson, F., Ormsby, E., Karpinski, K. F., and Clayson,
D. B. Short-term pathological and proliferative effects of butylated hydrox
yanisole and other phenolic antioxidants in the forestomach of Fischer 344
rats. Toxicology, 32: 197-213, 1984.

6. Rodrigues, C., Lok, E.. Nera, E., Iverson, F., Page, D., Karpinski, K., and
Clayson, D. B. Short-term effects of various phenols and acids on the Fischer
344 male rat forestomach epithelium. Toxicology. 38: 103-117, 1986.

7. Hirose, M., Masuda, A., Kurata, Y., Ikawa, E., Mera, Y., and Ito, N.
Histologie and autoradiographic studies on the forestomach of hamsters
treated with 2-rerf-butylated hydroxyanisole, 3-tÃ³rÃ-butylatedhydroxyanisole,

' Unpublished data.

5314

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2432413/cr0480185310.pdf by guest on 19 M

ay 2023



PHENOLIC ANTIOXIDANTS AND GASTRIC CARCINOGENESIS

crude butylated hydroxyanisole, or butylated hydroxytoluene. J. Nati. Cancer
Inst., 76: 143-149, 1986.

8. Hirose, M., Inoue, T., Asamoto, M., Tagawa, Y., and Ito, N. Comparison of
the effects of 13 phenolic compounds in induction of proliferative lesions of
the forestomach and increase in the labeling indices of the glandular stomach
and urinary bladder of Syrian golden hamsters. Carcinogenesis (Lond.), 7:
1285-1289, 1986.

9. IARC Monographs on the Evaluation of Carcinogenic Risk of Chemicals to
Humans, Vol. 38, pp. 83-126. Lyon, France: IARC Scientific Publications,
1985.

10. IARC Monographs on the Evaluation of Carcinogenic Risk of Chemicals to
Man, Vol. 15, pp. 155-175. Lyon, France: IARC Scientific Publications,
1977.

11. Raff, R., and Ettling, B. V. Hydroquinone, Resorcinol and Pyrocatechol.
Encyclopedia of Chemical Technology, Ed. 2, Vol. 11, pp. 462-492. New
York: John Wiley and Sons, Inc., 1966.

12. Rahn. W., and Konig, W. A. GC/MS investigation of the constituents in a
diethyl ether extract of an acidified roast coffee infusion. J. High Resolut.
Chromatogr. Chromatogr. Commun., /: 69-71, 1978.

13. Lepri, L., Desideri, P. G., and Coas, V. Separation and identification of
colouring agents in the oxidation-type hair dyes by ion-exchange thin-layer
chromatography. Ann. Chim., 66: 451-460, 1976.

14. Smyth, R. B., and McKeown, G. G. The analysis of arylamines and phenols
in oxidation-type hair dyes by paper chromatography. J. Chromatogr., 16:
454-459, 1964.

15. Hirose, M., Masuda, A., Fukushima, S.. and Ho, N. Effects of subsequent
antioxidant treatment on 7,12-dimethylbenz(a)anthracene-initiated carcino-
genesis of the mammary gland, ear duct and forestomach in SD rats.
Carcinogenesis (Lond.), 9: 101-104, 1988.

16. Altmann, H.-J., Grunow, W., Mohr, U., Richter-Reichhelm, H. B., and
Wesster, P. W. Effects of BHA and related phenols on the forestomach of
rats. Food Chem. Toxicol., 24: 1183-1188, 1986.

17. Wattenberg, L. W., Coccia, J. B., and Lam, K. T. Inhibitory effects of
phenolic compounds on benzo(a)pyrene-induced neoplasia. Cancer Res., 40:
2820-2823, 1980.

18. Kozumbo, W. J., Seed, J. L., and Kensler, T. W. Inhibition by 2(3)-i<?rf-butyl-
4-hydroxyanisole and other antioxidants of epidermal ornithine decarboxyl-
ase activity induced by n-O-tetradecanoylphorbol-lS-acetate. Cancer Res.,
Â«.â€¢2555-2559,1983.

19. Van Duuren, B. L., and Goldschmidt, B. M. Cocarcinogenic and tumor-
promoting agents in tobacco Carcinogenesis. J. Nati. Cancer Inst., 56: 1237-
1242, 1976.

20. Mirvish, S. S., Salmasi, S., Lawsow, T. A., Pour, P., and Sutherland, D. Test
of catechol, fannie acid, Bidens pilosa, croton oil, and phorbol for cocarci-
nogenesis of esophageal tumors induced in rats by methyl-n-amylnitrosamine.
J. Nati. Cancer Inst., 74: 1283-1290, 1985.

21. Hecht, S. S., Cannella, S., Mori, H., and Hoffmann, D. A study of tobacco
Carcinogenesis. XX. Role of catechol as a major cocarcinogen in the weakly
acidic fraction of smoke condensate. J. Nati. Cancer Inst., 66: 163-169,
1981.

22. Shirai, T., Fukushima, S., Ohshima, M., Masuda, A., and Ito, N. Effects of
butylated hydroxyanisole, butylated hydroxytoluene, and NaCl on gastric
Carcinogenesis initiated with /V-methyl-JV-nitro-A'-nitrosoguanidine in F344
rats. J. Nati. Cancer Inst., 72: 1189-1198, 1984.

23. Takahashi, M.. Furukawa, F., Toyoda, K., Sato, H., Hasegawa, R., and
Hayashi. Y. Effects of four antioxidants on A'-methyl-A"-nitro-Ar-nitroso-
guanidine initiated gastric tumor development in rats. Cancer Lett., 30:161-
168, 1986.

24. Williams, G. M. Epigenetic promoting effects of butylated hydroxyanisole.
Food Chem. Toxicol., 24:1163-1166, 1986.

25. Imaida, K., Fukushima, S., Shirai, T., Masui, T., Ogiso. T., and Ito, N.
Promoting activities of butylated hydroxyanisole, butylated hydroxytoluene
and sodium L-ascorbate on forestomach and urinary bladder Carcinogenesis
initiated with methylnitrosourea in F344 male rats. Gann, 75: 769-775,
1984.

26. Tsuda, H., Sakata, T., Shirai, T., Kurata, Y., TamaÃ±o, S., and Ito, N.
Modification of A'-methyl-A'-nitrosourea initiated Carcinogenesis in the rat
by subsequent treatment with antioxidants, phÃ©nobarbitaland ethinyl ostra
diol. Cancer Lett.. 24: 19-27, 1984.

27. Shirai, T.. Masuda, A., Fukushima, S., Hosoda, K., and Ito, N. Effects of
sodium L-ascorbate and related compounds on rat stomach Carcinogenesis
initiated by yV-methyl-A"-nitro-^V-nitrosoguanidine. Cancer Lett., 29: 283-
288, 1985.

28. Tatematsu, M., Mera, Y., Kolida. K., Kawazoe, Y., and Ito, N. Ornithine
decarboxylase activity and DNA synthesis in rats after long term treatment
with butylated hydroxyanisole, sodium saccharin or phÃ©nobarbital.Cancer
Lett., 33: 119-124, 1986.

29. Fukushima, S., and Cohen, M. Saccharin induced hyperplasia of rat urinary
bladder. Cancer Res., 40: 734-736, 1980.

30. Fukushima, S., Imaida, K., Sakata, T., Okamura, T., Shibata, M., and N.
Ito. Promoting effects of sodium L-ascorbate on two-stage urinary bladder

Carcinogenesis in rats. Cancer Res., 43: 4454-4457, 1983.
31. Fukushima, S., Kurata, Y., Shibata, M., Ikawa, E., and Ito, N. Promotion by

ascorbic acid, sodium erythorbate and ethoxyquin of neoplastic lesions in
rats initiated with /V-butyl-A'-(4-hydroxybutyl)-nitrosamine. Cancer Lett., 23:
29-37, 1984.

32. Imaida, K., Fukushima, S., Shirai, T., Ohtani, M., Nakanishi, K., and Ito,
N. Promoting activity of butylated hydroxyanisole and butylated hydroxy
toluene on 2-stage urinary bladder Carcinogenesis and inhibition of i-glu-
tamyl transpeptidase-positive foci development in the liver of rats. Carcino
genesis (Lond.), 4: 895-899, 1983.

33. Nakanishi, K., Hirose, M., Ogiso, T., Hasegawa, R., Arai, M., and Ito, N.
Effects of sodium saccharin and caffeine on the urinary bladder of rats treated
with A'-butyl-A'-(4-hydroxybutyl)nitrosamine. Gann, 71:490-500, 1980.

34. Hirose, M., Kurata, Y., Tsuda, H., Fukushima, S., and Ito, N. Catechol
strongly enhances rat stomach Carcinogenesis: a possible new environmental
stomach carcinogen. Jpn. J. Cancer Res., 78: 1144-1149, 1987.

35. Malkinson, A. M., and Beer, D. S. Pharmacologie and genetic studies on the
modulatory effects of butylated hydroxytoluene on mouse lung adenoma
formation. J. Nati. Cancer Inst., 73: 925-933, 1984.

36. Lindenschmidt. R. C., Tryka, A. F., and Witschi, H. P. Inhibition of mouse
lung tumor development by hyperoxia. Cancer Res., 46: 1994-2000, 1986.

37. Witschi, H. P., and Kehrer, J. P. Adenoma development in mouse lung
following treatment with possible promoting agents. J. Am. Coll. Toxicol.,
/: 171-184, 1982.

38. Witschi, H. P. Separation of early diffuse alveolar cell proliferation from
enhanced tumor development in mouse lung. Cancer Res., 46: 2675-2679,
1986.

39. Goodman, D. G., Ward, J. M., Squire, R. A., Chu, K. C., and Linhart, M.
S. Neoplastic and nonneoplastic lesions in aging F344 rats. Toxicol. Appi.
Pharmacol., 48: 237-248, 1979.

40. Maekawa, A., Kurokawa, Y., Takahashi, M., Kokubo, T., Ogiu, T., Onodera,
H., Tanigawa, H., Ohno, Y., Furukawa, F., and Hayashi, Y. Gann, 74: 365-
372, 1983.

41. Haseman, J. K., Huff, J. E., Rao, G. N., Arnold, J. E., Boorman, G. A., and
McConnell, E. E. J. Nati. Cancer Inst., 75: 975-984, 1985.

42. LaVoie, E. J., Shigematsu, A., Mu, B., Rivenson, A., and Hoffmann, D. The
effects of catechol on the urinary bladder of rats treated with yV-butyl-A/-(4-
hydroxybutyljnitrosamine. Jpn. J. Cancer Res., 76: 266-271, 1985.

43. Miyata, Y., Fukushima, S., Hirose, M., Masuui, T., and Ito, N. Short-term
screening of promoters of bladder Carcinogenesis in Ar-butyl-A/-(4-hydroxy-
butyl)-nitrosamine-initiated, unilaterally ureter-ligated rats. Jpn. J. Cancer
Res., 76:828-834, 1985.

44. Haworth, S., Lawlor, T., Mortelmans, K., Speck, W., and Zeiger, E. Sal-
monella mutagenicity test results for 250 chemicals. Environ. Mutagen.,
Suppl.,/: 3-142, 1983.

45. Atchison, M., Chu, C.-S., Kakunaga, T., and Van Duuren, B. L. Chemical
cocarcinogenesis with the use of a subclone derived from Balb/3T3 cells with
catechol as cocarcinogen. J. Nati. Cancer Inst., 69: 503-508, 1982.

46. Erexson, G. L., Wilmer, J. L., and Kligerman, A. D. Sister chromatid
exchange induction in human lymphocytes exposed to benzene and its
metabolites in vitro. Cancer Res., 45: 2471-2477, 1985.

47. Yamada, K., Shirahata, S., Murakami, H., Nishiyama, K., Shinohara, K.,
and Omura, H. DNA breakage by phenyl compounds. Agr. Biol. Chem., 49:
1423-1428, 1985.

48. Morimoto, K., and Wolff, S. Increase of sister chromatid exchanges and
perturbations of cell division kinetics in human lymphocytes by benzene
metabolites. Cancer Res., 40: 1189-1193, 1980.

49. Parke, D. V., and Williams, R. T. Studies in detoxication. 54. The metabolism
of benzene, (a) The formation of phenylglucuronide and phenyl-sulphuric
acid from ["Cjbenzene. (b) The metabolism of ("CJphenol. Biochem. J., 55:
337-340, 1953.

50. Rusch, G. M., Leong, B. K. J., and Laskin, S. Benzene metabolism. J.
Toxicol. Environ. Health Suppl. 2, 23-36, 1977.

51. Booth, A. N., Robbins, D. J., Masri, M. S., and DeEds, F. Excretion of
catechol after ingestion of quinic and shikimic acids. Nature (Lond.), 189:
691, 1960.

52. Salmon, R. J., Laurent, M., and Thierry, J. P. Effect of taurocholic acid
feeding on methyl-nitroWV-nitrosoguanidine induced gastric tumors. Cancer
Lett., 22:315-320, 1984.

53. Kobori, O., Watanabe, J., Shimizu, T., Shoji, M., and Morioka, Y. Enhancing
effect of sodium taurocholate on jV-methyl-W-nitro-A'-nitrosoguanidine-in-
duced stomach tumorigenesis in rats. Gann, 75: 651-654, 1984.

54. Tatematsu, M., Takahashi, M., Fukushima, S., Hananouchi, M., and Shirai,
T. Effects in rats of sodium chloride on experimental gastric cancers induced
by /V-methyl-A"-nitro-A'-nitrosoguanidine or 4-nitroquinoline-l-oxide. J.
Nati. Cancer Inst., 55: 101-106, 1975.

55. Takahashi, M. Experimental gastric Carcinogenesis. Gann Monogr. Cancer
Res., 31: 35-43, 1986.

56. Hirose, M., Shibata, M., Hagiwara, A., Imaida, K., and Ito, N. Chronic
toxicity of butylated hydroxytoluene in Wistar rats. Food Cosmet. Toxicol.,
19: 147-151, 1981.

5315

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2432413/cr0480185310.pdf by guest on 19 M

ay 2023


