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High Correlation between Lipid Peroxide Radical and Tumor-promoter Effect:
Suppression of Tumor Promotion in the Epstein-Barr Virus/B-Lymphocyte System
and Scavenging of Alkyl Peroxide Radicals by Various Vegetable Extracts

Hiroshi Maeda,"* Takato Katsuki,” Takaaki Akaike' and Ritsu Yasutake®

! Department of Microbiology, Kumarmoto University School of Medicine, Honjo 2-2-1, Kumamoto 860,
Department of Laboratory Medicine, College of Medical Science, Kumamoto University, Kuhonji 4-24-1,
Kumamoto 860 and *Faculty of Education, Kumamaoto University, Kurokami 2-40-1, Kumamoto 860

We examined the ability of hot-water extracts of 66 vegetables and plants to Suppress tumor
promotion, as well as to scavenge lipid peroxide radicals in vitre. To assess the effect against tumor
promotion {(transformation) ir vitro, we used the phorbol myristate acetate/Epstein-Barr virus/
B-lymphocyte system. To assess the lipid radical-scavenging effect, the luminol-enhanced chemi-
luminescence method using the terf-butyl hydroperoxide/heme system was used, which generates more
alkyl peroxide radical (ROQ-) than alkyl {(R+) and alkoxyl {RO+) radicals. The results showed a
significant correlation between the anti-tumor-promoting effect and the lipid radical-scavenging effect
(r=0.82). We found that boiled extracts of green leaves of carrot, crucifers, and beans (black bean,
red bean, mung bean, and soybean) had the greatest anti-tumor-promoter and radical-scavenging
activities. Cold-water extracts of vegetables generally exhibited only about 10 or less of the activity
of the hot-water extracts.
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Many reports on carcinogenesis indicate a significant
role of oxygen radicals (e.g., superoxide, hydroxyl radi-
cal, and singlet oxygen) and alkyl peroxide-derived radi-
cals (R+, RO+, ROOQ+)."* Recently, the alkyl peroxide
radical was shown to have a tumor-promoter effect™®;
this radical can be generated by the reaction between
methemoglobin and alkyl hydroperoxide compounds
(ROOH).®*” Alkyl hydroperoxide can be formed by
reaction of oxyradicals (such as superoxide or hydroxyl
radical) with lipids or by the oxidation of unsaturated
lipids. Alkyl hydroperoxide radical was demonstrated
recently to exhibit a potent cytotoxicity,” Oxygen radi-
cals are known to damage DNA*?: 8-hydroxydeoxy-
guanosine is a well known product of oxidative DNA
damage.'™'" Virus infection also causes activation of
oxygen radical generation as the result of a host’s
over-reactive immune response, with deleterious conse-
quences.

Epidemiological studies have led to suggestions of a
link between colorectal cancer and consumption of high-
fat diets: fecal stasis that might occur in the sigmoid
colon could be associated with lipid peroxidation reac-
tions, and subsequent production of lipid radicals may
result in epithelial mucous cell damage. A diet high in red

* To whom correspondence should be addressed.

meat (heme-containing) is also associated with a high
incidence of colorectal cancer,'**” and alkyl hydroper-
oxides plus heme yield alkyl peroxide radicals, as we have
recently demonstrated,” as follows:

Fe’* =0 (porphyrin) + ROOH

— Fe** =0 (porphyrin)**+ROH
Fe'* =0 (porphyrin) *"+ ROOH

— Fe*" =0 (porphyrin) + ROO-+H"

In the present study we examined the lipid radical-
scavenging potential of cold- or hot-water extracts of
various vegetables by using an alkyl peroxide radical-
generating system, which consisted of water-soluble zerr
butyl hydroperoxide (+BuQOH) as a representative
alkyl hydroperoxide and methemoglobin.” These ex-
tracts of various fresh vegetables were also tested for
their capacity to neutralize transformation of human
B-lymphocytes by Epstein-Barr (EB) virus. In this
system, the tumor promoter phorbol myristate acetate
(PMA} and n-butyric acid were added to Raji cells,
which harbor the EB virus. Raji cells are stimulated to
produce greater amounts of early antigen (EA) in this
system upon addition of PMA,™* je., about 0.03% of
the cells before addition vs. 309 after addition. EA may
thus be regarded as a transformation-associated antigen
corresponding to tumor antigen. Therefore, the ability of
the extracts to suppress EA formation in the presence

923



Jpn. J. Cancer Res. 83, September 1992

of PMA was interpreted as being due to the presence of
anti-tumor-promoting activity in the vegetables.

The present study may provide important clues to
two separate problems: one is whether the anti-tumor-
promoter effect is correlated with lipid radical-
scavenging capacity, i.e., whether the lipid radical (alkyl
peroxide radical) functions as a tumor promoter. The
second involves practical questions: which vegetables
have high lipid radical-scavenging capacity and anti-
tumor-promoter activity, and are there any effects of heat
on the protective capacity of these vegetable extracts.

We confirmed by spin-trapping ESR spectroscopy that
tert-butyl peroxide radical (an alkyl peroxide radical) is
the major radical species generated in the model used in
this study (~BuQOOH and hemoglobin/methemoglobin).”
We chose +BuOOH (Sigma Chemical Co., St. Louis) for
the present study because other alkyl hydroperoxides

such as a-linoleate were not sufficiently soluble in water.
Anti-alkyl peroxide radical activity was measured by
using a chemiluminescence multichannel analyzer
(Berthold Model LB 9505 AT, Wildbad, Germany).
Hemoglobin (methemoglobin) used in the experiment
was purified from human red blood cells as described
previously.” The assay mixture contained 250 1 of 0.01
M phosphate-buffered 0.15 M saline, 50 ¢l of 10 mM
diethylenetriamine-pentaacetic acid, and 50 ul of 100
mM +BuQOOH; 50 ¢l of water extract sample and 50 i1 of
100 ¢ M luminol were added and mixed well. Then, after
addition of 50 2] of hemoglobin (1 mg/ml), the chemilu-
minescence assay was started. The rate, peak intensity,
and peak area of chemiluminescence were recorded. The
average chemiluminescence count was about 107 cpm in
5 min. The dilution factor of vegetable extracts which
induced a 509 reduction in chemiluminescence intensity
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Fig. 1. Alkyl peroxide radical-scavenging activity of various vegetable extracts. A given amount of ~BuQOOH (5.0 zmol) was

reacted with the methemoglobulin / hemoglobin system, which generates predominately alkyl peroxide radicals.” Various
cold-water vegetable extracts after homogenization or hot-water vegetable extracts after 5 min boiling were tested for anti-alkyl
radical activity by the chemiluminescence method using luminol (see ref. 7). IPOXy, is defined as the 50% inhibitory dilution
(fold) of vegetable extracts toward alkylperoxide radical formation, as described in the text. Higher values indicate greater lipid

radical-scavenging potency.
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{peak height) was defined as one [POX, (50% peroxide
radical inhibitor activity) unit.

All vegetables were obtained reasonably fresh from
local grocery stores. They were homogenized in a ceramic
mortar and pestle at room temperature with 2 parts of
vegetable to 3 parts of 0.01 M phosphate-buffered 0.15 M
saline, pH 7.3 (by weight). Beans were milled to flour,
which was spaked in water for a few hours before use;
root vegetables were used after mincing., Samples were
subjected to centrifugation with a clinical centrifuge for
10 min at 10,0009 (Kubota KR-2000T, Kubota Inc.,
Tokyo); supernatants were filtered by using a membrane
filter with a pore size of 0.45 um before use as fresh
materials. Hot-water extracts of these materials were
prepared by boiling the vegetables in a 5-fold excess of
water (w/w) for 5 min. Bean flours and minced root
vegetables with a 5-fold excess of water {(by weight) were
boiled for 5 min followed by homogenization; superna-

Lipid Radical Tumor-promoter and Radical Scavenger

tants after centrifugation (10,000g) were used as samples
of hot-water extracts. All samples were added to the
assay mixtures for both TPOX;, and TEA,, (50% EA-
inhibitory dilution) after appropriate dilution with phys-
iological saline (thus all samples are buffered).

Assays of anti-tumor-promoter effect in the PMA /EB
virus/B-lymphocyte system were described by Koshi-
mizu et al,*** with EA as a marker.*?" Briefly, EB
virus genome-carrying human B-lymphoblastoid Raji
cells (5X10° cells/250 u1) were added to 50 ul of water
extract samples. After addition of 250 ] of RPMI 1640
medium containing 10% fetal calf serum (Filtron Pty,
Brooklyn, Australia), 40 pg of PMA, and 88 pg of
n-butyrate, the cells were incubated for 36-40 h. EA
values were compared with those in the presence of
n-butyrate plus PMA, but without water extracts, as a
positive control, in which about 30% of cells usually
exhibited EA. The negative control (without both n-
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Fig. 2.

Inhibitory activity of various vegetable exiracts on EA formation (see Fig. 1 legend and assay system description in the

text). IEA is defined as the 509 inhibitory dilution (fold) of vegetable extract toward EA-formation, as described in the text.

Note the great increase in the values for heated extracts.
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butyrate and PMA) usually showed about 0.039% posi- The ability of 37 vegetable extracts to neutralize alkyl
tive cells. The dilution of samples required to reduce the  peroxide radical generation (IPOX,,) was tested by
efficiency of EA induction to half of the positive control, chemiluminescence measurement; the results are shown
i.e. 15% in this case, is defined as one IEA,, unit, in Fig. 1. Note that 31 (about 90%) of the extracts
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Fig. 3. Correlation between anti-tumor-promoter effect (IEAs) and alkyl peroxide radical-scavenging effect
(IPOXy) of various hot-water extracts of vegetables, beans, mushrooms, and root vegetables. The correlation
factor was 0.82. (1) Japanese lettuce (“chisha™), (2) green perilla, (3) black bean, (4) carrot leaf, (5) red bean
(Yapanese “azuki”), (6) mung bean (green bean), (7) radish (JTapanese “daikon™) leaf, (8) Japanese hot pepper
(“shishito™) leaf, (9) horwort (Japanese “mitsuba”) leaf, (10) fern sprout with stalk (“warabi™), (11)
cauliflower, (12) edible burdock (“kaori-gobo™) root, (13} parsley, (14) Japanese radish (“hatsuka daikon™)
leaf, (15) water dropwort, (16) ginger root, (17) mustard leaf (Japanese “kyona”), (18) garland
chrysanthemum, (19) soybean, (20) stalk of butlerbur, (21) kidney bean, type 1, sheath/fresh green (Japanese
“saya-ingen™), (22) spinach, (23) eggplant, (24) cabbage, outside green leaf, (25) lotus root, (26) mustard leaf,
{27) lettuce, (28) celery, (29) leaf lettuce (Lactuca sativa), (30) broccoli, (31) Japanese radish (“hatsuka
daikon™} root, (32) rape / brassica leaf (Japanese “mibuna”), (33) nonheading Peking cabbage (Japanese
“santona”), (34} plum (Japanesc “ume”™), (35) taro root (Japanese “satoimo™), (36) kidney bean, type 2, fresh
green/sheath (Japanese “ingen™), (37) potato, (38) Japanese hot pepper (Kyoto var. 1}, (39) carrot root, (40)
Japanese hot pepper (Kyote var. 2), (41) brassica family vegetable (“hiroshimana®) leaf, (42) sweet potato,
(43} green pepper, (44) red pepper, (45) asparagus, (46) green pea, (47) green pea sheath, (48) kidney bean,
type 3, fresh green sheath (var. “master-ingen”), (49) Chinese chive leaf, (50) red onion, (51) kidney bean,
type 3, var. Japanese “toramame,” (52) Japanese “komatsuna,” thick stalk brassica family, {53) Japanese
champignon (“shimeji” mushroom), (54) “enoki” mushroom, (55) onion, {56) bamboo shoots, (57} pumpkin,
(38) pak choi, Chinese vegetable leaf, (59) onion, miniature type, (60) cabbage, inside leaf, (61) “shiitake”
mushroom, (62) Japanese radish (“daikon”) root, (64) tomato var. 1, (65) tomato var. 2, (66} tomato var, 3.
See Figs. 1 and 2 and text for details.



showed a great increase (about 10-50 fold) in this ability
upon boiling the vegetables for 5 min, whereas 2 showed
a significant decrease. The remaining four showed little
change.

Similarly, 35 vegetable extracts were tested for in-
hibitory activity against EB virus-induced EA formation.
The results again showed a great increase in anti-EA
formation activity (IEAs;), usually 10 fold or more, upon
heating (Fig. 2).

Most green-leaf vegetables had both IPOX,; and IEA,,
values of more than 100 units, and the activity was found
mostly in hot-water extracts, not in the solid materials
that precipitated upon centrifugation after heating (data
not shown). Also note that carrot and pumpkin had
extremely low IPOXy, and 1EA., values, These vegeta-
bles are known to contain large amounts of S-carotene,
which scavenges singlet oxygen but not alkyl peroxide
radicals, as we have demonstrated by using an ESR
spin-trapping method.” In this study we did not examine
the effect of cooking time, although it is expecied to be
important from the above results.

IPOX,, and IEA;, values are shown in Fig. 3 for
hot-water extracts of representative vegetables, beans,
and mushrooms. Values for three beans (black bean,
azuki/or red bean, and mung bean) were quite high,
followed by soybean. These findings suggest that the role
of vitamin C (r-ascorbate), which is inactivated to a
great extent by heating, is quite small. Other components
may be more significant in this respect.

When 66 vegetable and other plant foods were tested
and the two parameters, IEA;, and IPOX,,, were plotted
against each other, we found an extremely high correla-
tion {(#=0.82). This result indicates that alkyl peroxide
radical has a tumor-promoter effect. Many hot-water
extracts of vegetables showed a potent inhibitory effect in
terms of both parameters. It is not clear why the two
activities became higher upon heating; it might be due to
the thermal destruction of vegetable cell walls and sub-
cellular compartments, liberating more components, or/
and thermal chemical reaction producing more potent
radical-scavenging antioxidants.

The present study is still preliminary; more plants,
fruits, legumes, and grains, for example, and the effects
of cooking conditions should be studied. However, the
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