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Abstract

An assumption “plant-derived chemicals having strong flavors and tastes can contribute
for human health in carcinogenesis” was built up based on studies of cancer chemoprevention
and chemotherapy with Kyo-yasai (heirloom vegetables in Kyoto) in Washoku (Japanese cuisine).
Since we have studied phytochemicals in Kyo-yasai, most phytochemicals revealed to accompany
their biological activity with strong flavors and/or tastes. Three biological activities involved in
cancer prevention and therapy (desmutagenicity, bioantimutagenicity, and differentiation-inducing
effect) have been detected in Washoku materials, and some active ingredients in Kyo-yasai can be
identified. In Katsura-uri (Japanese pickling melon), 3-methylthioacetic acid ethyl ester possessed
all three activities and apricot fragrance. Phenethyl isothiocyanate in Mizu-na (potherb mustard),
and 4-methylthio-3-butenyl isothiocyanate in Sabaga-daikon (Japanese white radish) possess the
bioantimutagenicity, and anticarcinogenic effects in animal model, and also accompanied strong
flavors and tastes. In plant materials in South East Asia, spearmint has distinctive flavor, and the
ingredient piperitenone oxide possesses the differentiation-inducing effect. Sweet basil also showed
the differentiation-inducing effect in its oleophilic fraction. Because various varieties in vegetables,
fruits, and herbs are cultivated in South East Asia, and many of them possesses strong flavors and tastes,
the expectations to reveal health benefits in food materials in South East Asia will be expanded in future.
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INTRODUCTION
In 1997 and 2007, The World Cancer
Research Fund and American Institute for
Cancer Research released “Food, Nutrition and
the Prevention of Cancer: a global perspective”
that did a comprehensive review of published
research studies from around the world,
recommended to establish a predominantly
plant-based diet that includes eating 400-800
g/day of a variety of vegetables and fruits,
and 600-800 g/day of a variety of grains,
legumes and root crops1, 2. The amount of food
materials should vary by each population, and
350 g of vegetables a day is recommended by
the Ministry of Health, Labor and Welfare in
Japan to reduce the risk of cancer3.

In the traditional dietary habit in Japan,
many varieties of vegetables have been used
in Japanese cuisine that is termed “Washoku”.
From 1960s to 1990s, the consumer demands
by the Japanese population resulted in the
breeding of new varieties with milder flavors
and tastes against traditional vegetables4. Breeding
has been successfully produced present Japanese
conventional vegetables with a milder flavor.
In contrast of the conventional vegetables, the
seeds of heirloom vegetables in Kyoto that is
termed “Kyo-yasai” have been preserved by
traditional cultivation methods, and typically
offer a more distinctive flavor and taste than
conventional vegetables. The original characters
of Kyo-yasai, including their flavors and tastes,
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have been maintained by plant breeders for
more than 300 years.
Phytochemicals, which is a term
essentially used for chemicals derived from
plant, but has been actually used for plant-derived
chemicals contributed for human health. In human
sense of taste and smell, most phytochemicals
contribute strong flavors and tastes such as
pungency of isothiocyanates, astringency of
flavonoids, and unpleasant odors of sulfur or
carbonyl compounds; and some of them can be
also beneficial to human health5-12. Since 1996,
we have studied phytochemicals in Kyo-yasai,
greater health benefit involved in cancer prevention and therapy than the conventional counterpart
as determined by decreased mutagenic rates
and/or increased differentiation-inducing rates
in three assays with oxygen radical absorbance
capacity, ultraviolet irradiated-Escherichia coli
B/r WP2 and RCM-1 human colon cancer
cells13-15. As the resultant data has accumulated,
most phytochemicals found in Kyo-yasai
revealed to accompany the biological activity
with strong flavors and tastes. Thus, an assumption
“plant-derived chemicals having strong flavors
and tastes can contribute for human health in
carcino-genesis” was built up based on the studies
of cancer prevention and therapy with Kyoyasai in Washoku. We are therefore expanding
the research field from Japan to South East Asia,
because more varieties in vegetables, fruits, and
herbs are cultivated in South East Asia, and many
of them possesses strong flavors and tastes.
A concept of three biological activities
involved in cancer chemoprevention and
chemotherapy: desmutagenicity, bioantimutagenicity, and differentiation-inducing
effect
Compounds that decrease gene mutations
are generically called antimutagens. Antimutagens
can be divided into desmutagens and bioantimutagens depending on their action of mechanisms16. Desmutagens can suppress mutations
by decreasing levels of DNA lesions through
various mechanisms such as preventing or
decreasing the conversion of a pre-mutagen to a
mutagen (Figure 1A), or by chemically degrading
a mutagen (Figure 1B), or by inducing enzymes

that will detoxify the mutagen before it reaches
the cell’s DNA (Figure 1C)4. When pre-mutagen
is unsaturated lipid, compounds possessing
oxygen radical absorbance capacity (ORAC)
can work to suppress a change of the lipid
to mutagenic peroxide, and the compounds
are considered to be one of the desmutagens.
Desmutagens showing ORAC would be expected
for human health promotion, because some
diseases are believed to be derived from
endogenous peroxides causing in human body.
In contrast, bioantimutagens can
suppress the effects of preexisting DNA
lesions by increasing the level of error-free
DNA repair (Figure 1D), or increasing the
opportunity for DNA repair by delaying DNA
replication and mutation fixation (Figure 1E).
After DNA lesion is induced by mutagens, in
the presence of bioantimutagen, the damaged
cell can be restored to normal cell. When we
consider antimutagen in plant materials, the
bioantimutagen, which can act even after the
cell has acquired a DNA lesion, is as important
as desmutagen. After mutant cell is produced
in human body, it is not still cancer cells. DNA
lesion is further induced by mutagens, and
accumulation of mutation into the mutant cells,
cancer cell might be produced from the mutant
cells. Desmutagen and bioantimutagen also
have chance to work in this duration to disturb
to change from a mutant cell to a cancer cell.
Once, cancer cell is produced, it has
changed to be an undifferentiated cells, and
obtained an unlimited life time. The obtained
unlimited life time of cancer cells would be a
significant nature to kill human. In the presence
of differentiation-inducing chemicals, it can
change from cancer cell to a differentiated
cell, and again obtain limited life time, and the
cell would be no longer cancer cell (Fig. 1F).
Thus, differentiation-inducing chemicals is
considered to be chemopreventive compounds
for cancer cell just appeared (<50 µm) and
chemotherapeutic compounds for tumor (>1
mm). When we considered to cancer prevention and therapy with administration of plant
materials, differentiation-inducing chemicals,
which can act even after human body has
acquired cancer cell or tumor, is as important
as desmutagen and bioantimutagen.
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Figure 1. A concept of cancer prevention and cancer therapy with antimutagens (desmutagen and
bioantimutagen) and differentiation-inducing chemicals. The action of mechanisms of
desmutagen (A-C): suppression of mutation before mutagens reach the cell’s DNA either
by preventing or decreasing the conversion of a pre-mutagen to a mutagen (A), by chemically
degrading a mutagen (B), by inducing detoxification enzymes for a mutagen (C). The action
of mechanisms of bioantimutagen (D, E): suppression of mutation either by increasing
the level of error-free DNA repair for preexisting DNA lesions (D), by increasing the
opportunity for DNA repair by delaying DNA replication and mutation fixation (E). The
action of mechanisms of differentiation- inducing chemical (F): change cancer cell
(undifferentiated cell having unlimited life time) to differentiated cell (having limited life
time) by alteration of some hyper- or hypo-expressing genes.
Cancer chemopreventive and chemotherapeutic
effects of fragrant compounds involved in a
Washoku (Japanese cuisine) material, Katsurauri (Japanese pickling melon)
Katsura-uri, Japanese pickling melon
(Cucumis melo var. conomon) is Kyo-yasai, an
heirloom vegetable in Kyoto, Japan15. The fruit
is 40-90 cm in length and 2-5 kg in weight and not
sweet in any of its ripening stages. In traditional
Washoku (Japanese cuisine), the midripened
fruit is primarily used as pickles “Kasu-zuke”
that is made from the fruit dipped with lees
of “Sake” (Japanese liquor) and “Mirin”
(Japanese sweet seasoning liquor) for several
month.When the fruit reaches fully ripened stage,
it starts to produce a strong muskmelonlike odor, which should demonstrate health

benefits. The oleophilic (n-hexane soluble)
fraction of fully ripened Katsura-uri fruit
exhibited bioantimutagenicity assessed by UVinduced mutation assays using E. coli B/r WP2,
and differentiation-inducing effect in a RCM-1
human colon cancer cell line13, 15. Interestingly,
the sub-fraction from the oleophilic fraction
(obtained with 2.5% acetone contained nhexane eluted from silica-gel column) possesses
differentiation-inducing effect accompanying
with a strong muskmelon-like odor constructed
with six fragrant compounds (Figure 2)15.
Desmutagenic (antioxidative), bioantimutagenic,
and differentiation-inducing effects of the six
ingredients are shown in Figure 2: ingredient
having more number of “+” means higher
activities possessed. Except benzyl acetate
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(BA), at least one activity was observed in five
compounds. 3-Methylthioacetic acid ethyl ester
(MTAE) possesses all three activities; and
3-methylthiopropionic acid ethyl ester (MTPE)

and acetic acid 3-methylthio propyl ester
(AMTP) possess two activities; and acetic
acid 3-methylthio ethyl ester (AMTE) and
eugenol have antioxidative effect.

Figure 2. Desmutagenic (antioxidative), bioantimutagenic, differentiation-inducing effects of
six fragrant ingredients in Katsura-uri. Six ingredients were sorted in the sequence
from low to high in boiling temperature: methylthioacetic acid ethyl ester (MTAE),
acetic acid 2-methylthio ethyl ester (AMTE), 3-methylthiopropionic acid ethyl ester
(MTPE), acetic acid 3-methylthio propyl ester (AMTP), benzyl acetate (BA), and eugenol.
Some phytochemicals of Washoku materials
in plant-origin contribute both strong flavors
and health benefits in carcinogenesis
Some bioantimutagenic compounds,
identified from Kyo-yasai detected in E.coli
B/r WP2, can exhibit anticarcinogenic activities
in animal experiments. Phenethyl isothiocyanate
in Mizu-na (potherb mustard, Brassica campestris
var. japonica), and 4-methylthio-3-butenyl
isothiocyanate in Sabaga-daikon (Japanese
white radish, Raphanus sativus) have been
reported to be anticarcinogenic in breast, and
pancreas cancer in animal model, respectively17, 18.
Daikon is also reported to be a factor to reduce
esophageal squamous cancinoma in human
epidemiological study of Japanese population19.
Some differentiation-inducing compounds
(e.g. analogue chemicals of 3-methylthio acetic

acid ethyl ester in Katsura-uri) identified in
RCM-1 bioassay is also being revealed their
anticarcinogenic activities by mouse skin twostage carcinogenesis models20. Figure 3 shows a
summary of bioantimutagens and differentiationinducing chemicals that have found in Kyoyasai so far4, 5, 13, 15, 21. Four sulfur-containing
esters in Katsura-uri possess muskmelon, apricot,
flowery, and fruity fragrance (Figure 3. A-D).
Two isothiocyanates in cruciferous vegetables
possess pungent taste, and cresson or radish
fragrance (Figure 3. E, F). Two carbonyl
compounds in sweet pepper and cucumber
possess off-flavor of lipid and grass fragrance
(Figure 3. G, H). All of the chemicals possess
distinct flavors and/or tastes. Thus these results
gave expectations of further investigation into
the anticarcinogenic properties of plant-derived
chemicals possessing strong flavors and tastes.
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Figure 3. Summary of bioantimutagens and differentiation-inducing chemicals that have found
in Kyo-yasai so far. Bioantimutagen (B, D, E, F, G, H), differentiation-inducing
chemical (A, B)
Cancer chemopreventive and chemotherapeutic effects of fragrant compound in herbal
plant material, spearmint (Mentha spicata)
We are focusing on plant materials
possessing strong flavors and tastes to identify
phytochemicals showing differentiation-inducing
effect. On the criteria, vegetables, fruits and herbs
cultivated in South East Asia would be expected
other than Kyo-yasai in Japan. Initially, we
chose spearmint (Mentha spicata) leaves that
have strong flavor, and successfully identified
piperitenone oxide from its n-hexane extract with
purification via a bioassay-guided fractionation
based on the induction of differentiation in
RCM-1 cells22. Piperitenone oxide has been
considered as an odor producing compound in
spearmint cultivars, and is chemically categorized
into monoterpene such as carvone and menthol,
which are also familiar ingredients in Mentha

genus plants. Carvone is principally found in
some species of spearmint, and menthol is mainly
contained in peppermint (Mentha piperita L.),
American wild mint (Mentha arvensis) and
Japanese mint (Mentha canadensis)22. However,
both carvone and menthol do not possess the
differentiation-inducing effect in RCM-1 bioassay,
and therefore, not all monoterpenes have the
ability. The active specificity of piperitenone
oxide is interesting and should be investigated
to understand its anticarcinogenic properties
in future. In addition, the effective dose of
piperitenone oxide was lower than that of any
differentiation-inducers found in the RCM-1
bioassay. The regional difference in spearmint
should be also studied in South East Asia to
compare the amount of piperitenone oxide and
the ability of differentiation-inducing effect in
future.
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Expectations of health benefits in food materials
in Thailand
When we focus on Thai food materials
to possess health benefit with strong flavors, one
candidate might be basil, because the variety
is spread and used in the world, particularly
Thai people well use each basil variety into each
dish properly. Sweet basil (horapha, Ocimum
basilicum), hairy basil (maenglak, Ocimum
citriodorum), and holy basil (kaphrao, Ocimum
tenuiflorum) are commonly used for different
Thai dishes: sweet basil as fresh and for soups
(sometimes for steam with mussels, and for fry
with seafood), hairy basil as fresh and for soups,
holy basil for fry with meat (but not as fresh)
The fragrance of basil can be extracted with
chloroform, and the smells of the resultant
extracts were quite different among three varieties
of the basils. In Figure 4, chloroform extract
of the three varieties were analyzed with gas
chromatography (GC), and peaks having earlier
retention time on GC-chromatogram were
usually compounds having lower boiling point.

The difference of the fragrance ingredients was
revealed with the GC analysis, and the variation
of boiling points was surprisingly correlated
to the cooking temperature for dishes and the
ingredients for smells in human sense (mainly use
sweet basil and hairy basil as fresh and soups;
holy basil as fry)23. We have just confirmed the
differentiation-inducing effect of the chloroform
extract of sweet basil in RCM-1 cells, and
would identify the active compound, and also
check the activity of other basil varieties. In
addition, Genovese basil (sometimes called as
Italian basil) showed different GC-chromatogram
from Thai basils, and its one fragrant ingredient
was linalool that shows no effect in the differentiation-inducing effect (Figure 4). From the
example in basil, Thai people have used the
variety of basil properly to keep some fragrant
ingredients in dishes for long time, and this
dietary habit might contribute to health promotion.
In addition, health benefit of hairy basil (often
called as hoary basil) was summarized in antioxidative effect and amount of some phytochemicals (apigenin, kaempferol, and luteolin)24.

Figure 4. Profile of gas chromatography of chloroform extract of basil. Chloroform extract of four varieties
of basil (A: sweet basil, B: hairy basil, C: holy basil, D: Genovese basil) and authentic monoterpene (E: linalool) were analyzed with a Hewlett-Packard 6890 gas chromatograph). The
capillary column was a Rtx-5MS (0.25 mm ID×30 m). The column oven temperature was
held at 60 oC for 5min and then was increased to 250 oC at a rate of 5 oC/min.
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CONCLUSIONS
On the basis of Washoku study focusing
on Kyo-yasai, we built up an assumption “plantderived chemicals having strong flavors and
tastes can contribute for human health in
carcinogenesis”. According to the assumption,
we are now undertaking to identify novel
phytochemicals in plant materials cultivated in
Southeast Asia. Focusing on herbs cultivated
in Thailand and Vietnam, we have identified
piperitenone oxide from spearmint as showing
differentiation-inducing effect in human colon
cancer cells, and also confirmed the effect in
sweet basil extract. Because the number of
varieties of vegetables, fruits, and herbs
cultivated in South East Asia is much more than in
that in Japan, and many of them possesses strong
flavors and tastes. Therefore, the aforementioned
facts let us expect the earlier identification of
novel phytochemicals in South East Asian plant
materials, which contribute to human health.

ACKNOWLEDGEMENT
This work was supported by JSPS
KAKENHI: Grant-in-Aid for Scientific Research
(B) Grant Number 15H05127, Japan Society
for the Promotion of Science.

REFERENCES
1. The World Cancer Research Fund and
		 American Institute for Cancer Research.
		 Food, Nutrition and the Prevention of
		 Cancer: a global perspective, First Expert
		
Report, 1997. Menasha (USA): Banta
		 Book Group, 1997.
2. The World Cancer Research Fund and
		 American Institute for Cancer Research.
		 Food, Nutrition, Physical Activity, and the
		
Prevention of Cancer: a Global Perspective,
		
Second Expert Report, 2007. London (UK):
		 RR Donnelley, 2007.
3. The Ministry of Health, Labour and Welfare
		 in Japan. Interim report of Kenko-Nippon
		 21, 2007. (in Japanese)
4. Nakamura Y, Matsuo T, Okamoto S,
		 et al. Antimutagenic and anticarcinogenic
		
properties of Kyo-yasai, heirloom vegetables
		 in Kyoto. Genes Environ 2008; 30:41-7.

53

5. Nakamura Y, Iwahashi T, Tanaka A, et al.
		 4-(Methylthio)-3-butenyl isothiocyanate,
		
a principal antimutagen in daikon (Raphanus
		
sativus; Japanese white radish). J Agric
		 Food Chem 2001; 49:5755-60.
6. Nakamura Y, Chang C-C, Mori T, et al.
		
Augmentation of differentiation and gap
		
junction function by kaempferol in partially		 differentiated colon cancer cells. Carcino		 genesis 2005; 26:665-71.
7. Nakamura Y, Matsuo T, Shimoi K, Nakamura
		 Y, Tomita I. S-Methyl methanethiosulfonate,
		
a new antimutagenic compound isolated
		from Brassica oleracea L. var. botrytis.
		 Biol Pharm Bull 1993; 16:207-9.
8. Nakamura Y, Matsuo T, Shimoi K, Nakamura
		
Y, Tomita I. S-Methyl methanethiosulfonate,
		
bio-anti-mutagen in the homogenates of
		
Cruciferae and Liliaceae vegetables. Biosci
		 Biotechnol Biochem 1996; 60: 1439-43.
9. Nakamura Y, Kawai K, Furukawa H, Matsuo
T, ShimoiK, Tomita I, et al. Suppressing
		
effects of S-methyl methanethiosulfonate and
		
diphenyl disulfide on mitomycin C-induced
		
somatic mutation and recombination in
		
Drosophila melanogaster and micronuclei
		 in mice. Mutat Res 1997; 385: 41-6.
10. Ito Y, Nakamura Y, Nakamura Y. Suppression
		
of aflatoxin B1- or methyl methanesulfonate		
induced chromosome aberrations in rat bone
		
marrow cells after treatment with S-methyl
		
methanethiosulfonate. Mutat Res 1997; 393:
		 307-16.
11. Kawamori T, Tanaka T, Ohnishi M, Hirose
		
Y, Nakamura Y, Satoh K, et al. Chemopreven		
tion of azoxymethane-induced colon carcino		
genesis by dietary feeding of S-methyl
		 methane thiosulfonate in male F344 rats.
		 Cancer Res 1995; 55: 4053-8.
12. Sugie S, Okamoto K, Ohnishi M, Makita H,
		
Kawamori T, Watanabe T, et al. Suppressive
		
effects of S-methyl methanethiosulfonate
		
on promotion stage of diethylnitrosamine		
initiated and phenobarbital-promoted
		
hepatocarcinogenesis model. Jpn J Cancer
		 Res 1997; 88:5-11.
13. Nakamura Y, Watanabe S, Kageyama M,
		 Shirota K, Amano H, et al. Antimutagenic;

54

Expectations of health benefits in plant materials in Southeast Asia based on
Washoku (Japanese cuisine) study focusing on Kyo-yasai (heirloom vegetables in Kyoto)

		
differentiation-inducing; and antioxidative
		
effects of fragrant ingredients in Katsura		
uri (Japanese pickling melon, Cucumis
		
melo var. conomon), Mutat Res 2010; 703:
		 163-8.
14. Nakamura Y, Suganuma E, Kuyama N,
		 Sato K Ohtsuki K. Comparative bio-anti		 mutagenicity of common vegetables and
		 traditional vegetables in Kyoto. Biosci
		 Biotech Biochem 1998; 62: 1161-5.
15. Nakamura Y, Nakayama Y, Ando H, Tanaka A,
		
Matsuo T, Okamoto S, et al. 3-Methylthio		
propionic acid ethyl ester, from Katsura-uri
		 (Japanese pickling melon, Cucumis melo
		
var. conomon), enhanced differentiation in
		
partially-differentiated human colon cancer
		
cells. J Agric Food Chem 2008; 56:2977-84.
16. Kada T, Inoue T, Namiki M. Environmental
		
desmutagens and antimutagens. In: Klekowski
		
EJ Jr, ed. Environmental mutagenesis,
		
carcinogenesis and plant biology. New York:
		 Praeger Scientific, 1981; 132-51.
17. Aras U, Gandhi YA, Masso-Welch PA, Morris
		
ME. Chemopreventive and anti-angiogenic
		
effects of dietary phenethyl isothiocyanate
		 in an N-methyl nitrosourea-induced breast
		
cancer animal model. Biopharm Drug Dispos
		 2013; 34:98-106.
18. Okamura T, Umemura T, Inoue T, Tasaki M,
		
Ishii Y, Nakamura Y, et al. Chemopreventive
		
effects of 4-methylthio-3-butenyl isothio		
cyanate (Raphasatin) but not curcumin

against pancreatic carcinogenesis in hamsters.
		 J Agric Food Chem 2013; 61: 2103-8.
19.		 Yamaji T, Inoue M, Sasazuki S, Iwasaki M,
		
Kurahashi N, Shimazu T, et al. Fruit and
		 vegetable consumption and squamous cell
carcinoma of the esophagus in Japan: the
JPHC study. Int J Cancer 2008; 123:1935-40.
20. Takeda K. Anticarcinogenesis of analogues
		 of 3-methylthiopropionic acid ethyl ester.
		
[unpublished thesis]. Kyoto: Kyoto Prefectural
		 University; 2013. (in Japanese)
21. Nakamura Y, Suganuma E, Matsuo T,
		
Okamoto S, Sato K, Ohtsuki K. 2,4-Nona		 dienal and benzaldehyde bioantimutagens
		
in Fushimi sweet pepper (Fushimi-togarashi).
		 J Agric Food Chem 1999; 47:544-9.
22. Nakamura Y, Hasegawa Y, Shirota K,
		
Suetome N, Nakamura T, Chomnawang T.M,
		
et al. Differentiation-inducing effect of
		 piperitenone oxide, a fragrant ingredient
		of spearmint (Mentha spicata), but not
carvone and menthol, against human colon
		 cancer cells. J Funct Foods 2014; 8:62-7.
23. Hasegawa Y. Differentiation-inducing effect
		
of Thai and Vietnamese crops. [unpublished
		
thesis]. Kyoto: Kyoto Prefectural University;
		 2014. (in Japanese)
24. Suriyaphan O, Nutrition, health benefits
		 and applications of Pluchea indica (L.)
		 Less Leaves. Mahidol Univ J Pharma
		Sci 2014; 4:1-10.

