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Stomach Carcinogenicity of Caffeic Acid, Sesamol and Catechol in Rats and Mice
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The carcinogenic potential of caffeic acid, sesamol and catechol was examined in male and female
F344 rats and B6C3F, mice, groups of 30 animals being treated with diets containing 29 caffeic acid,
2% sesamol or 0.8% catechol for 104 weeks (rats) or 96 weeks (mice). Histological examination
revealed that caffeic acid induced forestomach squamous cell carcinoma in 57% (P<0.001 vs.
controls) and 509 (P<0.001) of male and female rats, respectively, whereas sesameol was associated
with squamous cell carcinoma at incidences of 31% (£<0.001) in male rats, and 38% (P<0.001) and
17% (P<0.05) in male and female mice, respectively. Catechol induced glandular stomach ad-
enocarcinomas in 549 (P<0.001) and 43% (P<0.001) of male and female rats, respectively. The
results thus clearly demonstrated that all three antioxidants are carcinogenic in rodent stomach

epithelia.

Key words:

Of the many synthetic and naturally occurring antiox-
idants in our environment, butylated hydroxyanisole has
attracted particular attention since it was the first to be
shown to possess carcinogenic activity in rat and hamster
forestomach epithelium."» However, more recently, the
naturally occurring antioxidants caffeic acid and sesamol
have also been shown to induce hyperplasias in rat® and
hamster® forestomach epithelium in short-term experi-
ments, as well as papillomas in this organ of rats in a
60-week experiment.” Catechol similarly induced hy-
perplasia in both forestomach and glandular stomach
of hamsters,” and strongly enhanced forestomach and
giandular stomach carcinogenesis of rats pretreated with
N-methyl- N - nitro- N- nitrosoguanidine (MNNG ).>®
Furthermore, treatment with catechol alone for 51 weeks
induced adenomatous hyperplasia in all rats as well as a
low incidence of adenocarcinomas.”® These findings in-
dicate potential carcinogenicity of these antioxidants in
long-term experiments. The present report documents
the effects of caffeic acid, sesamol and catechol adminis-
tration to F344 rats and B6C3F, mice of both sexes for
two years.

Groups of 30, 6-week-old F344 rats and B6C3F, mice
of both sexes (Charles River Japan Inc., Kanagawa)
were treated with 29% caffeic acid (Tokyo Kasei Kogyo
Co., Tokyo, purity >98%), 2% sesamol (Fluka Chemie,
AG, Switzerland, purity > 98%) or 0.89% catechol
{Wako Pure Chemical Industries, Osaka, purity >99%)
in Oriental MF powdered basal diet {Oriental Yeast Co.,
Tokyo), or basal diet alone for 104 weeks (rats) or 96
weeks (mice). Food and water were given ad libitum.
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Chemicals were incorporated into powdered diet using a
mixer and the diets stored at 4°C until use. Animals
which died during the experiment were necropsied and
all surviving animals were killed under ether anesthesia
and subjected to complete autopsy at the end of week 96
for mice and 104 for rats, Livers and kidneys were
weighed before fixation in 10% buffered formalin solu-
tion. Formalin was injected into the stomach, which was
then opened via an incision along the greater curvature.
Three sections each were cut from the anterior and
posterior walls of the forestomach and six sections from
the glandular stomach. Tissues were processed in the
usual way for histopathological examination. Animals
which survived more than 77 weeks (caffeic acid, rat), 82
weeks (sesamol, rat), 26 weeks (catechol, male rats),
52 weeks (catechol, female rats), 74 weeks (caffeic acid,
mice), 30 weeks (sesamol, mice) and 73 weeks (catechol,
mice), when the first tumor appeared, were included in
the effective numbers. Student’s ¢ test and Fisher’s exact
probability test were used for statistical evaluation of the
data.

At the end of the experiment, body weights of animals
treated with antioxidants were generally lower than in
the controls, particularly for rats and mice of both sexes
treated with catechol (17.1-41.1% reduction compared
to controls). However, the relative liver and kidney
weights were all higher in animals receiving the anti-
oxidants,

Forestomach tumors were mostly observed in rats of
both sexes treated with caffeic acid (Fig. 1) and sesamol
(Fig. 2), and mice treated with sesamol. Tumors or
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Fig. 1. Stomach of a male F344 rat treated with 29 caffeic
acid for 104 weeks. The entire forestomach is occupied by large
tumor masses.

Stomach of a male F344 rat treated with 2% sesamol

Fig. 2.
for 104 weeks. Papillary or nodular tumors are distributed in
the forestomach.

thickening of glandular stomach epithelium were found
only in rats and mice of both sexes receiving catechol
(Fig. 3).

Histopathologically, changes in the forestomach were
classified into hyperplasia, papilloma, squamous cell car-
cinoma and sarcoma categories as previously reported,””
the results being summarized in Table 1. Caffeic acid
induced high incidences of hyperplasia in rats and mice
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Fig. 3. Stomach of a male F344 rat treated with 0.8%
catechol for 104 weeks. The pyloric region of the glandular
stomach is thickened irregularly with ulcer formation.

of both sexes. However, significant increases in the in-
cidences of papillomas and squamous cell carcinomas
were apparent only in male and female rats. Sesamol also
induced hyperplasia in most animals but a striking differ-
ence between rats and mice was that whereas 34-47%
incidences of papillomas were induced in rats no such
lesions were found in mice. Significant increase in the
development of squamous cell carcinoma was, however,
observed in male rats (P<C0.001), male mice (P<0.001)
and female mice (P<0.05). Squamous cell carcinomas
induced in rats and mice by these antioxidants were
mostly of well to moderately differentiated type (Fig. 4)
except for two of poorly differentiated type in male rats
and also in mice given sesamol (Fig. 5). Although
catechol also induced hyperplasia in both rats and mice,
no significant increase in tumor incidence was found in
either species. Hyperplasias induced in rats and mice by
caffeic acid and catechol were mainly characterized by
upward cell growth, basal cell proliferation being mini-
mal. However, lesions induced in rats by sesamol were
characterized by downward basal cell growth, while
hyperplasias associated with sesamol administration to
mice also showed downward growth, but the pro-
liferating cells were not of basal but rather of spinous
type. One sarcoma was found in a female mouse treated
with sesamol.

Lesions of the glandular stomach were classified into
submucosal growth, adenomatous hyperplasia, ad-
enocarcinoma and sarcoma categories as previously
reported,”” the results being summarized in Table II.
Catechol induced submucosal growth in most animals,
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Table 1. Histopathological Changes Observed in the Forestomach
. No. of animals with
Chemical Species Sex Effective . . ‘Squamous cell
number Hyperplasia Papilloma . Sarcoma
carcinoma
Caffeic acid Rat M 30 30 (100)™* 23 (I 17 (57)** 0
F 30 30 (100)™** 24 (8O)* 15 (50)** 0
Mouse M 30 27 (7T 4 (13) 3(10) 0
F 29 29 (100y™** 0 1 (3) 0
Sesamol Rat M 29 29 (100)*** 10 (34)™* 9 (31 0
F 30 30 (100)™** 14 (47)™* 3(10) 0
Mouse M 29 29 (100)*** 0 11 (38)** 0
F 30 28 (93y™* 0 5(N* 1 (3)
Catechol Rat M 28 24 (86)™* 2 (D ] 0
F 28 : 23 (82)*™* 0 0 0
Mouse M 30 16 (53)™* 1 (3) 0 0
F 29 25 (86)™ 1 (3 o 0
Basal diet Rat M 30 1 (3) 0 0 0
F 30 5 (17 0 0 0
Mouse M 27 1 ) 0] 0 0
F 29 3 (10) 0 0 0
Significantly different from respective basal diet values at *k* P<0.001 or * P<0.05.
Table II.  Histopathological Changes Observed in the Glandular Stomach
Effective No. of animals with
Chemical Species Sex number Su::):c:l’lsal A}?;;:r;];:?:s Adenocarcinoma Sarcoma
Caffeic acid Rat M 30 0 1 (3) 0 0
F 30 0 0 0 0
Mouse M 30 0 0 o )
F 29 0 0 0 0
Sesamol Rat M 29 0 1 (3) 0 0
F 30 1 (3) 0 0 0
Mouse M 29 0 0 0 1(3)
F 30 5 (1D 0 0 0
Catechol Rat M 28 28 (100)*** 28 (100)*** 15 (54)™* 0
F 28 28 (100)*** 28 (100)*** 12 (43)™ 0
Mouse M 30 30 (100)y™* 29 (97)** 0 0
F 29 26 (90)™** 21 (72" 0 0
Basal diet Rat M 30 0 0 0 0
F 30 0 0 0 0
Mouse M 27 0 0 0 0]
F 29 0 0 0 o

Significantly different from respective basal diet values at % P<{0.001 or * P<0.05.

the incidences of adenomatous hyperplasias being 100%
in male and female rats, but slightly lower in mice. Well
differentiated adenocarcinomas (Fig. 6) were induced in
54 and 43% of male and female rats, respectively, but
were not found in mice. One sarcoma was found in a
male mouse treated with sesamol, and a significant inci-

dence of submucosal growth in female mice was also
associated with this chemical. No lesions were observed
in the fundic region of the glandular stomach of rats and
mice treated with these antioxidants.

The present results thus clearly demonstrated that
caffeic acid is carcinogenic for rat forestomach epithe-
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Fig. 4. Moderately differentiated squamous cell carcinoma in
the Fig. 1 rat. Cancer cell nests invading into the submucosa
show differentiation towards stratified squamous epithelium.
Cornification is not prominent.

Fig. 5.

Poorly differentiated squamous cell carcinoma in the
Fig. 2 rat. Cancer cell nests are less differentiated than in Fig. 4,
and lack cornification.

lium in both sexes, and that sesamol, though slightly less
potent, can induce forestomach carcinomas in male rats,
as well as male and female mice. Furthermore, catechol
was confirmed to be carcinogenic for rat glandular stom-
ach epithelium. With regard to mutagenicity, catechol is
negative in the Ames test*® and caffeic acid, in fact,
inhibits mutagenicity induced by chemical carcino-
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Fig. 6. Well differentiated glandular stomach adenocarcinoma
in the Fig. 3 rat. Surface epithelium-like irregular glands are
observed proliferating into the submucosa.

gens.'>" However, catechol has been reported to pos-
sess comutagenic activity with benzo[a]pyrene (B{a)P)
in an in vitro transformation assay.'” Genotoxicity of
caffeic acid and catechol has also been described by some
investigators.> %> In yivo, however, caffeic acid in-
hibits B(a)P-induced forestomach carcinogenesis,'” and
mouse skin tumor promotion by 12-O-tetradecanoyl-
phorbol-13-acetate (TPA)'® but promotes rat fore-
stomach carcinogenesis induced by 7,12-dimethylbenz-
[a]anthracene (DMBA).'” Catechol exerts cocarcino-
genic activity in skin and esophageal carcinogenesis,'® ')
and promotes tongue, esophagus, forestomach and glan-
dular stomach carcinogenesis of rats pretreated with
methyl-N-amylnitrosamine’® or MNNG.®

These carcinogenic antioxidants are of particular im-
portance since they are commonly present in our envi-
ronment. For example, caffeic acid is a major phenolic
compound in potatoes (0.028%), lettuce (up to 0.09%),
apples (up to 0.13%), coffee beans (up to 0.149%),
soybeans (0.002%) and cereals.'™?" Sesamol is a minor
component of sesame seed oil, being found at levels of
0.004 to 0.05% depending on the processing method.
Catechol, a synthetic as well as naturally occurring anti-
oxidant, is found in some plants, rcast coffee, wood
smoke, cigarette smoke, hair dyes and film developers.””
While average intake is not known, human do ingest
these antioxidants through foodstuffs. Although the
carcinogenic activity of caffeic acid appears to be
stronger than that of BHA and human exposure to
caffeic acid may be much higher, considering its wider



distribution in our environment, the relevance of a fore-
stomach carcinogen to man is questionable, mainly be-
cause humans do not possess this organ. On the other
hand, the demonstrated carcinogenicity of catechol in
glandular stomach is of unequivocal importance because
the rat gastric epithelium is morphologically and func-
tionally similar fo that in man. The presence of catechol
in the enviroment is reflected in the fact that catechol and
its conjugates are actually excreted in human urine at
levels up to 30 mg/24 h.*’ Although the carcinogenic
dose of catechol in rats is much higher than the supposed
human intake of this carcinogen, promotion of glandular
stomach carcinogenesis by catechol has been found for a
concentration of only 0.2% in the diet (unpublished
data). Recently a related antioxidant, p-methylcatechol,
was also shown to have strong promotion activity for
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