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Cancer Preventive Effect of Kumaizasa Bamboo Leaf Extracts
Administered Prior to Carcinogenesis or Cancer Inoculation
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Abstract. Background: Kumaizasa bamboo found in
Hokkaido is used for traditional medicine in Japan. The
cancer preventive effect of vigorous (multistep) hot water
extract of Kumaizasa was examined in relation to
immunological conditioning and free radical scavenging
activity. Materials and Methods: Cytokine induction in mice,
free radical scavenging activity in vitro, and cancer preventive
effect by oral administration of the vigorous extracts prior
implantation or carcinogenesis by 7,12-
dimethylbenz[a]anthracene (DMBA) were examined. Results:
In tumor inoculated mouse models (S-180 sarcoma, Meth-A

to tumor

fibrosarcoma, B16-F10 melanoma), the vigorous extracts
Jfrom Kumaizasa bamboo leaves suppressed tumor growth and
prolonged survival significantly. In the chemical carcino-
genesis model suppression of cancer incidence on day 100,
tumor size and survival time were significantly improved with
the vigorous extract, at/or above 0.03% in the diet, when
given two weeks prior to the administration of the carcinogen.
Conclusion: The vigorous extracts of bamboo leaf show
immunopotentiating and radical scavenging effects and
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administration prior to carcinogen exposure Or tUmor
inoculation significantly suppresses tumor incidence and
tumor growth and prolongs survival.

Cancer remains the first or second main cause of death in
developed countries (1). Finding a cure for advanced cancer
remains a long way off, and this situation has not improved
over the past 50 years. Although cancer therapy is very
important, it is also now recognized that cancer prevention
is very important (2). In fact, alternative agents obtained
from various plants to fight cancer have attracted great
interest (3, 4).

Bamboo leaves are used in traditional medicine in Japan,
and have shown various activities such as anti-oxygen radical
activity, antioxidant activity (5-7) and antitumor activity (8,
9). We have recently reported an improved hot water
extraction method for Kumaizasa (Sasa senanesis) leaves,
which is a bush-type bamboo grown in Hokkaido, Japan,
under vigorous steam conditions at high temperature and
high pressure. The extracts obtained by this method
(vigorous extract) contained a larger quantity of (3-glucan
(150-fold) and phenolics (2.5-fold) compared to the
conventional hot-water extract (10). Furthermore, the
vigorous extract also exhibited more potent antitumor
activity against mouse sarcoma S-180 than the conventional
hot-water extract when given orally at 0.1%w/w in the diet
(10). Additionally, the production of Th1-type cytokines such
as interleukin (IL)-2, IL-12, and interferon (IFN)-y was
significantly induced by the vigorous extract, which
stimulated the cytotoxic activity of splenic natural killer
(NK) cells and macrophage in vitro and in vivo (10). These
immunological activations were probably mediated by [3-
glucans which is known to have various immunostimulating
effects (11-16).

In the previous study, our primary interest was the
therapeutic effect, rather than the suppressive and preventive
effects, thus the vigorous extract was administered when the
carcinomas had become established to a palpable size. The
primary purpose of the present study was to clarify whether
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Figure 1. Experimental protocols: (A) Dietary effect on cytokine induction. (B) Dietary schedule in tumor being mice. The mice in each tumor type
were randomly divided into control, pretreatment, simultaneous treatment and post-treatment groups (10-11 mice per group). The vigorous extract
(0.1%) was administered from 7 days before (pretreatment), simultaneously with, or (post-treatment) tumor implantation. Control animals were
administered the basal diet only. (C) DMBA-induced rat breast cancer model.

immunological conditioning administration (pretreatment,
i.e., before tumor implantation) of the vigorous extract has
more potent tumor suppressive activity than post-treatment
(administration of the vigorous extract after the tumor
reached palpable size). Three mouse tumor models and a
chemical carcinogen, 7,12-dimethylbenz[a]anthracene
(DMBA)-induced rat tumor model were used.

Materials and Methods

Materials. Luminol, diethylenetriaminepentaacetic acid (DTPA),
DMBA and corn oil were purchased from Wako Pure Chemical
Industries (Osaka, Japan). fert-Butylhydroperoxide (t-BuOOH) was
obtained from Sigma-Aldrich (St. Louis, MO, USA). Kumaizasa was
provided by CosmoBios Research Institute (Akahira, Hokkaido,
Japan). Dulbecco’s Modified Eagle Medium (DMEM) and fetal
bovine serum (FBS) were purchased from Life Technologies
(Carlsbad, CA, USA).

Extraction method. Briefly, Kumaizasa bamboo leaves were first
extracted in water at 100°C for 60 min; residues were then treated
with water at 121°C, 2 atm, for 30 min, followed by treatment with
steam at 196°C, 15 atm, for 5 min and finally extraction with water
at 120°C for 30 min (10). The extracts were lyophilized, and the
obtained dark powder was stored in vacuo at —20°C.
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Cells lines. Meth-A cells (mouse fibrosarcoma) and S-180 cells
(mouse sarcoma) were maintained as ascetic form by intraperitoneal
(i.p.) passage in BALB/c mice and ddY mice respectively. These
ascitic tumor cells were maintained by weekly passage. B16-F10
cells (mouse melanoma) were maintained in vitro at 37°C in DMEM
containing 10% FBS, 100 pg/mL streptomycin, and 100 U/mL
penicillin in 5% CO,/air.

Animals. Female Sprague-Dawley (SD) rats (age, 5 weeks), male
ddY mice (age, 6 weeks), female BALB/c mice (age, 6 weeks),
and male C57BL/6J mice (age, 6 weeks) were purchased from
SLC Inc. (Shizuoka, Japan). The rats were housed three per cage
for a group and the mice in a group of four or five per cage; they
were maintained at 22+1°C and 55+5% relative humidity, with an
automatic 12 h light/dark cycle. All the experiments were carried
out according to the Laboratory Protocol of Animal Handling,
Sojo University.

Diet. The experimental diet was prepared by Funabashi Farm (F2,
Funabashi, Chiba, Japan), and all the diets were vacuum sealed
followed by vy-ray sterilization and then stored at 4°C until use. The
vigorous extract was mixed with the F2 diet at 0.03-0.5% (w/w).

Cytokine induction. To investigate the effect of both the
conventional and vigorous bamboo extracts on the immune or
host response of healthy animals before tumor implantation,
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BALB/c mice were randomly divided into 4 groups: control
(basal diet), or fed the basal diet supplemented with 0.1%
conventional hot-water (100°C, 30 min) extract, or 0.03-0.5%
vigorous extract. After seven days (Figure 1A) the animals were
sacrificed and the IL-2, IL-12, and IFN-vy levels were quantified
by ELISA (10).

Effect of the vigorous extract on solid tumors in mice. In all the
tumor models, 2x106 tumor cells were subcutaneously (s.c.)
implanted dorsally. Our previous studies showed that s.c.
inoculation of 2x10° tumor cells became a solid tumor mass with
more than 90% probability (17-19). Because different mouse
strains have different immune responses, the ddY strain was used
for the S-180 tumors, the BALB/c strain for the Meth-A tumors,
and the C57BL/6 strain for the B16-F10 tumors. These tumor
implantation models may provide analogy to the tumor metastasis
at ectopic sites. For the post-treatment group, the diet containing
the vigorous extract was fed when the tumors reached a diameter
of 5-6 mm.

Effect of the vigorous extract against DMBA-induced breast cancer
in rats. The rats were randomly divided into group I, fed with the
test diets containing 0.03, 0.1, or 0.5% of the vigorous extract for
2 weeks before exposure to DMBA (pretreatment), and group II fed
with the test diet with 0.1% the vigorous extract 5 weeks after
exposure to DMBA (post-treatment) (Figure 1C). For each
experimental group, a control group of normal female SD rats were
fed with the chemically defined basal diet (F2) only. DMBA was
dissolved at 10 mg/mL in corn oil and administered to 7-wks old
rats via gavage at 10 mg/body. The vigorous extract was given in
the diet throughout the 20 week experimental period. The body
weight, food intake, tumor volume, survival analysis (% T/C),
number of rats with palpable tumors, tumor size, and number of
tumors per rat were recorded daily or every third day for more than
four months usually. In all the experiments, the tumor volume (V)
was calculated by formula: V=(LxW2)/2, where L is the
longitudinal cross-distance and W is the transverse width of the
solid tumor in mm.

Determination of lipid peroxy radical scavenging activity. The
scavenging activity of alkyl peroxy radical (LOO") was determined
using the method reported by Akaike et al. (20, 21). Briefly, the
reaction mixture contained 1.7 mM DTPA, 16.7 uM luminol, 1 mM
t-BuOOH and 1 mg/mL hemoglobin as the LOO" generating system
in 0.01M phosphate buffered 0.15M NaCl (PBS). The diet samples
contained various concentrations of either the conventional hot-
water extract, or the vigorous extract, or Sephadex G-50 gel column
chromatography fractions obtained from the vigorous extract (10).
The assay was started by adding hemoglobin solution to the reaction
mixture, and chemiluminescence was measured using a Luminoskan
RS (Thermo Fisher Scientific K.K., Yokohama, Japan). The
suppression of radical generation (or chemiluminescence) was
defined as IPOX5 (50% inhibitory potential of peroxyl radicals),
which indicates the concentration of the assay sample required to
quench 50% of chemiluminescence.

Statistical analyses. All the data are expressed as means+SE. The
student’s #-test was used to determine the significance of differences
between each experimental group; p<0.05 was considered
significant.
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Figure 2. Effect of bamboo leaf extracts obtained by two extraction
methods on IL-12 production. Values are means+SEM (n=5).
*#k:p<0.01, *:p<0.05 (the vigorous extract vs. control and vs. the hot-
water extract).

Results

Cytokine induction. As shown in Figure 2, the vigorous extract
significantly increased the serum IL-12 level compared to the
normal (basal) diet and the conventional hot-water extract, in
a dose-dependent manner. However, serum IL-2 and IFN-y
levels were not affected in all groups (data not shown).

Effect of the vigorous extract in vivo against implanted
tumors in mice. a) S-180 solid tumors in ddY mice: Figure
3A demonstrates the significant suppression of S-180 tumor
growth as judged by tumor volume (>50%) in both the pre-
and post-treatment groups compared with the control group
(p<0.01). The simultaneous treatment group showed
significant suppression of tumor growth, but less than the
pretreatment group (p<0.05). All the treatments improved
the survival rate of the S-180 tumor-bearing mice in a dose-
dependent manner (Figure 3B, D). Pretreatment with the
vigorous extract resulted in the highest increase of survival
time; the %T/C (treated group/control group) was 161.1%
(Figure 3B). Furthermore, significant numbers of the mice
showed complete regression of tumors with the vigorous
extract: the numbers of tumor-free-mice to mice-with-
tumors after 20 weeks (0.1% vigorous extract) were: 1/11
of the simultaneous treatment, 3/11 of the pretreatment and
2/11 of in the post-treatment groups, respectively. No
significant difference in body weight was found between the
vigorous extract treatment groups and the control group
(data not shown).

b) Meth-A solid tumors in BALB/c mice: As shown in
Figure 3C, pretreatment with the vigorous extract
significantly suppressed tumor growth (to about 25%)
compared to the control group (p<0.01). The group

113



ANTICANCER RESEARCH 30: 111-118 (2010)

3500 1
A
% 2800
E $-180, ddY
Q
£ 2100 1
E
g
G 1400 * d *+
g ke
'_

4500 1
C

"’E 3600 4
£ Meth-A |
QEJ 2700 4 BALB/c
=3
E *
S
£
|E Iy % &

3 13 23 33 43
Days after tumor implantation

1010
1
B
80
) S-180, ddY
60 5‘
© N
2 5
v
o
& 311
20 2/11
: Control 111

40-

% survival

20+

Control

7 0 20 a0 60 80
Days after tumor implantation

Figure 3. Suppressive effect of the vigorous extract (0.1%) in different tumor models. S-180 and Meth-A cells (2x10° cells) were implanted s.c. in
ddY and BALB/c mice, respectively. (A) and (C), tumor growth after each treatment. (B) and (D), survival rates of tumor-bearing mice. O, control
(no extract); 1, post-treatment; <, simultaneous treatment; /\, pretreatment. Values are means+SEM (n=11, or 10). Black arrows, open arrowhead,
and closed arroehead indicate the starting times of pretreatment, simultaneous treatment, and post-treatment with the vigorous extract, respectively.
#*p<0.05, *¥p<0.01 vs. controls. Numerals in (B) and (D) (e.g., 3/11) indicate the number of tumor-free mice surviving/total mice in the group.

receiving simultaneous treatment also showed significant
suppression of tumor growth, but to a lesser degree
(p<0.05). Both the pretreatment and simultaneous treatment
groups also showed improved 50% survival time (%T/C,
143.5% and 130.7%, respectively). The post-treatment
group showed only marginal (non-significant) suppression
of growth and improvement of 50% survival time (%T/C of
111%) (Figure 3D). Similar to the S-180 solid tumor model,
administration before tumor implantation resulted in the best
tumor growth suppression and survival benefit, as well as
more tumor-free mice (3/10, Figure 3D) compared to the
other treatments.

¢) B16-F10 solid tumors in C57BL/6 mice: The vigorous
extract at 0.1% did not show any significant effect on tumor
growth and survival time in the B16-F10 implanted mice
when compared to controls (data not shown).
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Effect of the vigorous extract against DMBA-induced breast
cancer in rats. The vigorous extract at 0.1% and 0.5% in the
diet exhibited a significant anticarcinogenesis effect
compared to the control. The incidence of breast cancer was
significantly lower at about 50% and 60% on day 93, after
0.5% or 0.1% of the vigorous extract was fed, respectively
(Figure 4A, both p<0.01). However, the vigorous extract at
0.03% showed no anticarcinogenic effect (Figure 4A).
Moreover, the vigorous extract at 0.5% significantly
suppressed tumor growth (by volume) on days 85-106
(Figure 4C, p<0.01). The dose-response effect in both the
tumor-incidence and the cumulative tumor-number of the
vigorous extract is shown significant in Figures 4A and B,
and Figure 5 at concentrations higher than 0.03%.

The importance of the timing of administration of the
vigorous extract (i.e. five weeks after or two weeks before the
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Figure 4. Effect of the vigorous extract on DMBA-induced breast cancer
in rats. (A) Incidence of detectable breast tumors (per group). (B) Total
(cumulative) number of detectable breast tumors (per group). (C)
Average tumor volume. Values are means+SEM. **p<0.01, *p<0.05 (the
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exposure to carcinogen, DMBA) was further examined in the
in vivo rat model where a more than 90% chance of
developing DMBA-induced breast cancer was seen without
the vigorous extract (control). As shown in Figure 6, the
administration of the vigorous extract at 0.1% after DMBA
treatment significantly suppressed the cumulative breast
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Figure 5. Effect of the vigorous extract on day 100 in DMBA-induced

rat breast cancer model. The vigorous extract was given 2 weeks before
DMBA exposure.

tumor numbers at same time-points, however, the
anticarcinogenic effect was not as pronounced as pretreatment

with the vigorous extract as seen in Figure 4C.

LOO" -scavenging activity of the vigorous extract. As shown
in Table I, the vigorous extract exhibited scavenging activity of
the LOO -radical to a significant extent, about two-fold more
potent than that of the conventional hot-water extract. Three
major fractions obtained by Sephadex G-50 gel column
chromatography from the vigorous extract were also examined
for LOO’-scavenging activity. The F-I fraction showed two-
fold more potent activity than the conventional hot-water
extract. Furthermore, the lower molecular weight fractions F-II
and F-III exhibited more potent LOO’-scavenging activity than
F-I which was considered to consist of primarily f3-glucan (10).

Discussion

In the present study, treatment with the vigorous extract
significantly increased the serum IL-12 levels (Figure 2). This
host-mediated  immunological event considered as
immunosurveillance, may effectively suppress newly formed
cancer cells, tumor clones, or tumor cells newly metastasized to
distant sites (10-13). This last possibility was examined by the
use of ectopically implanted S-180 and Meth-A tumor cells.
Both the dose and the administration schedule of the
vigorous extract were important in these models (Table II).
The best effect was found by preconditioning of the hosts’
immune system by administration of the vigorous extract
before tumor transplantation, the pretreatment, followed by
simultaneous treatment and then post-treatment. In both the
S-180 and Meth-A solid tumor models, pretreatment
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significantly suppressed tumor growth by volume and
pretreatment prolonged the survival rate of tumor-bearing
mice (50% survival time, %T/C of 130% and 135%,
respectively), whereas almost no activity was seen for post-
treatment in the Meth-A model (Figure 3C and D).
Pretreatment or earlier administration of the vigorous extract,
when the tumor burden (or number of target cells) was small,
gave more favorable results rather than post-treatment when
the tumor burden became larger.

In contrast, all schedules of administration of the vigorous
extract did not suppress growth of the B16-F10 tumor
implanted in C57BL/6 mice to a significant level. In a
separate study, the growth rate of the B16-F10 tumor was
more rapid than that of Meth-A, S-180 or colon-38
adenocarcinoma (Seki and Maeda, unsubmitted data). This
rapid growth rate suggested that the B16-F10 tumors became
too big before the immune tumor suppressive effect could be
sufficiently induced. Thus, the timing of administration of
the vigorous extract, to allow immunological conditioning of
the host seems crucial for better efficacy.

With others we have previously shown that chemical
carcinogens induced free radicals in biological systems. In
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3 detectable breast tumors per group. (C) Dose-dependent
140 cunulative incidence and tumor numbers on days 78, 100 and
122. **p<0.01, *p<0.05 (0.1% vigorous extract vs. control).

Table 1. LOO -scavenging activity in different bamboo extracts and
Sepadex G-50 fractions obtained from the vigorous extract.

Extract or fraction IPOX 5 (ng/mL)*

Conventional hot-water extraction 6.47
Vigorous extraction (unpurified) 3.16
Sephadex G-50 chromatography
F-1 6.80
F-1I 393
F-1II 223
Sinapinic acid (control) 0.314

Syringic acid (control) 1.12

*Suppression of generation of peroxy radicals (+-BuOO") expressed as
IPOX5(), or inhibitory potential of 50% for peroxyl radicals, which
indicates the concentration of the assay sample required to quench 50%
of chemiluminescence.

addition, we found that free radical or lipid peroxy radical
scavengers (e.g. canolol, a phenolic compound from crude rape
seed oil) suppressed DNA damage and mutation (22, 23). These
free radicals include NO produced via iNOS (inducible form of
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Table 1. Effect of timing of administration of vigorous extract on tumor growth as judged on day 30 or 100, or on the incidence of carcinogenesis

by DMBA.

Tumor volume (%)

DMBA carcinogenesis

Timing and dose of bamboo extract 2 S-180 Meth-A DMBA (breast ca) Tumor number P Tumor incidence*(%) ¢
Evaluated day (day 30) (day 34) (day 100) (day 100)
Control none 100 100 100 23 80
Simultaneous 0.1% 65.2% 52.0% —d - -

0.03% - 15%* 66.718
Pre-administration 0.1% 44 %= 40.5%* 88.608 16* 56.3%

0.5% - - 49 4% 12%* 40.0%*
Post-administration 0.1% 46.1%* 86.9ns - 19ns 60.0*

aDose of the vigorous bamboo extract in the diet; Pmean numbers of tumor observed per rat on day100 (n=6); % of tumor development rats in a
group (n=6) regardless of tumor numbers. 80% means 20% rats were tumor free; d—: not done; *:p<0.05, **:p<0.01, compared to the control, ns:

non-significant.

NO synthase that occurs for instance in inflammatory tissue) and
to an even greater degree, by peroxynitrite (ONOO-) when the
superoxide anion radical is concomitantly produced by
cytochrome P450 oxidase, cytochrome b5 reductase and iNOS
(24-27). In addition, LOO" is lipid
hydroperoxides predominantly via catalysis of heme or iron
containing compounds (28-30). For example, we showed that the

generated from

potent chemical carcinogens heterocyclic amines and 5-
nitroguanosine, inflammatory NO-derived
endogenous product in vivo, could induce superoxide generation
catalyzed by heme-containing enzymes (e.g., iNOS and
cytochrome b5 reductase etc.) (24, 25). Many phytochemicals
have strong antioxidant activity and suppress either the initiation
or promotion step of carcinogenesis (4). Therefore, the strong
antioxidant activity (free radical scavenging) of the vigorous
extract might be expected to suppress DNA damage, i.e.
initiation of carcinogenesis, and inflammatory responses. The

which is an

present vigorous extract contained a higher level of phenolics
(10) and showed stronger antiradical activity compared to the
conventional hot-water extract (Table I). More importantly, it
suppressed in a dose-dependent manner, the growth of breast
cancer induced by DMBA (Figures 4A, 4B and Table II).
Usually chemically induced tumors are more difficult to control
like human breast cancer than those of implanted experimental
inbred tumors (S-180 and Meth-A). Thus, the vigorous extract
may exhibit an anticarcinogenic effect via radical scavenging as
well as immunopotentiation such as activation of NK cells and
macrophage (8-16, 31). Namely, the vigorous extract
significantly suppressed DMBA-induced breast tumor growth
(Figure 4C) and the number of palpable tumor mass (Figure 4B)
via activation of NK cells and macrophages as well.

The higher incidence of cancer in aged populations might
be explained by reduced immune responses or immune
surveillance, as well as accumulated errors in DNA. We
believe that two factors, i.e., the availability of free radical

scavengers and immunosurveillance in vivo, are most crucial
for cancer prevention. The former can protect DNA from
damage; and the latter will eliminate transformed or
carcinogenic cells via the immune system (NK cells,
cytotoxic T cells, and macrophages). In this context, free
radical scavengers such as flavonoids, phenolics from plants
and microbial components or polysaccharides such as
[-glucan are of great importance (16).

Other researchers have shown that bamboo extracts
contain lignan (32) and lignin (33, 34), and lignan was found
to exhibit antiestrogen activity and an inhibitory effect
against breast cancer (35, 36). Lignin is also known to
exhibit free radical-scavenging activity (34). Thus, if the
vigorous bamboo leaf extract studied here contain lignan, the
extract may also have antiestrogen activity in addition to the
multiple effects described above.

In conclusion, dietary supplements of the vigorous extract
suppress, in a dose-dependent manner, the carcinogenesis and
growth of DMBA-induced breast cancer. Moreover, in S-180
and Meth-A implanted tumor models, treatment with the
vigorous extract before implantation of tumors significantly
suppresses solid tumor growth by more than 60% and
significantly prolongs life span. However, it is ineffective
against B16-F10 melanoma in C57BL/6J mice, which may be
attributed to either the rapid growth rate of this tumor, or to a
lesser response of this mouse strain to immunostimulation
effect of the extract. These results strongly suggest the
potential of this vigorous bamboo leaf extract as a tumor
suppressive and cancer preventive food supplement.
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