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Summary

The antitumor effect of TAHEEBO tea extract was examined in terms of its direct action on tumor cells and
inhibitory action on tumor angiogenesis. Early induction of apoptosis was assayed by the binding of Annexin-V
and phosphatidyl serine (PS) in the cellular membrane. TAHEEBO tea extract induced apoptosis of human
Daudi and Baji B lymphoblastoid cells. Treatment with TAHEEBO tea extract also inhibited the in vitro growth
of Daudi and Raji cells. TAHEEBO tea extract also inhibited the growth of human umbilical vein endothelial
cells (HUVEC) and human dermal microvascular endothelial cells (HMVEC). These results indicate that TA-
HEEBO tea extract has diversified antitumor functions, ie enhancement of sequential immune mechanisms, a
direct cytotoxic effect and an inhibitory action on angiogenesis in tumors. The antitumor effect of naphthoqui-
none, purified from TAHEEBO tea extract, was examined in a double grafted tumor systemt of BALB/c mice.
Based on this evidence, we propose what can be called Yintegrative medicinet which is neither Western nor
Chinese medicine.
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Introduction

We have clarified that some biological preparations
(i.e., biological response modifiers, BRMs hereinafter),
when administered into primary tumors, cure not only the
primary tumors, but also distant metastatic tumors, using
a "double grafted tumor system' in mice, which we have
devised"”. In other words, a tumor limited to the site of
origin is unproblematic because it can be surgically
removed, whereas in the presence of distant metastatic
tumors, particularly in the presence of micrometastatic
tumors that are not visible macroscopically, the surgical
removal of the primary lesion leads to the growth of meta-
static tumors but does not lead to cancer treatment.
Thus, the treatment of metastatic lesions is a major issue
in cancer treatment.

In the previously reported study, we clarified the anti-
metastatic effect of the hot-water extract of TAHEEBO
(TAHEEBO tea) in a "double grafted tumor system," in a
spontaneous lung metastasis model and in a spontaneous
liver metastasis model”. TAHEEBO tea contains naph-
thoquinone as the major ingredient and is widely con-
sumed in Brazil, South America. The TAHEEBO tea
used is a hot-water extract of the bark of a Bignoniaceae
plant (botanical name: Tabebuia avellanedae), and its
major ingredient is naphthoquinone®. Ueda et al. has
reported that a naphthoquinone compound purified from
TAHEEBO tea suppresses the TPA-induced activation of
the early antigen expression of EB virus and possesses in
vitro antitumor-promotion activityg). In the present study,
we investigated the antitumor effect of the purified
naphthoquinone, as well as the direct action of the
TAHEEBO tea extract on tumor cells and its inhibitory
action on angiogenesis, in comparison with other BRMs.

I . Materials and methods
1. Mice and tumor cells

BALB/c male mice obtained from Japan SLC Inc. were
used at 7 weeks of age. Meth-A fibrosarcoma cells from
the same strain of BALB/c mice were inoculated subcuta-
neously as a solid tumor.

2. Study substances

The TAHEEBO tea extracts were prepared using a
bark tea TAHEEBO, which was kindly provided by
TAHEEBO JAPAN Co., Itd. The bark tea TAHEEBO
uses the pure inner bark of Tabebuia avellanedae of
Bignoniaceae, which was collected by the Nogueira Cha-
gas Company, Brazil, as the raw material. The hot-water
extracts of the TAHEEBO tea were prepared as follows.
To 900 mL of water, 15 g of TAHEEBO tea was added,
and it was boiled for either 5 minutes or 30 minutes.
These two types of hot-water extracts were used in the
experiment. The 5min boiled hot-water extract and the
30-min boiled hot-water extract contain 25 and 75 mg/mL
of naphthoquinone, respectively. In addition, as a purified
compound from TAHEEBO tea, 25 and 1 mg/mL of naph-
thoquinone were used in the experiment.

3. Double grafted tumor system

BALB/c mice received simultaneous intradermal
inoculations of Meth-A cells on the right flank (10° cells)
and left flank (2)X10° cells). From Day 3 when the large
tumor (assumed to be the primary lesion) on the right
flank became palpable, the drugs (0.1 mL) were adminis-
tered intratumorally for 3 consecutive days to cure the
tumor. The untreated left-flank distant tumor (assumed
to be a metastatic lesion) was observed for shrinkage.
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4. Detection of apoptosis

Asymmetry of the phospholipid bilayer in cell membranes
is lost in the early phase of apoptosis. Phosphatidylserine
(PS) is normally located in the inner leaflet of cell membranes.
However, upon the induction of apoptosis, PS is translocated
to the outer surface of the membrane without disruption of
the membrane structure. Since FITClabeled Annexin V binds
to PS with high affinity, apoptosis was detected by the binding,
using FACScan (MEBOCYTO Apoptosis Kit, MBL) .

5. Measurement of cell growth capacity

Assays using a tetrazolium salt have become available
for the measurements of cell growth capacity and viability.
A tetrazolium salt exists in the mitochondrial respiratory
chain, and is degraded into formazan dye by succinate-tet-
razolium reductase, which is active only in viable cells.
Because the enzyme activity increases as the number of
viable cells increases, the increase in formazan production
was measured as the absorbance of the dye solution, us-
ing an ELISA reader (Premix WST-1, by Takara) .

6. Inhibitory action on vascular endothelial cell growth

The growth inhibition of the TAHEEBO tea extracts was
investigated using normal human umbilical vein endothelial
cells (HUVEC) and human dermal microvascular endo-
thelial cells (HMVEC).

I. Experimental results
1. Apoptosis induction of TAHEEBO tea extracts

Early apoptosis induction of the 5min and 30-min extracts
of TAHEEBO tea was measured after 24-hr incubation, by
flow cytometry (FACScan). As shown in the positive control
in Fig. 1, the lower righthand part of the FACScan graph
shows the distribution of the percentage of PS positive cells
bound to Annexin V, which are considered to have induced
early apoptosis. In both of the Daudi and Raji human tumor
cells, as compared with the control, the induction of apoptosis
was observed in the group treated with the 30-min extract of
TAHEEBO tea. On the other hand, in normal peripheral blood
Iymphocytes, the TAHEEBO tea extract did not induce apoptosis.
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2. Inhibitory action of TAHEEBO tea extracts on cell

growth

The inhibitory action of TAHEEBO tea extracts on cell
growth was measured by directly counting the cell num-
bers of both the Daudi and Raji human tumor cells. The
result showed the inhibitory action of the extracts on cell
growth, as shown in Fig. 2. Then, the number of viable
cells was measured using an enzyme. As shown in Fig. 3,
the growth of tumor cells was inhibited, but no effect on
normal peripheral lymphocytes was observed.

TAHE -5 min
Apoptosis induction by TAHEEBO

TAHE+30min

3. Inhibitory action of TAHEEBO tea extracts on
vascular endothelial cell growth
The effect of the 5min and 30-min hot-water extracts of
TAHEEBO tea on vascular endothelial cells was investiga-
ted. As shown in Fig. 4, a distinct growth inhibition of
both HUVEC and HMVEC was observed.

4. Antitumor effect of the purified naphthoquinone from
TAHEEBO tea in the "double grafted tumor system"
Naphthoquinone that is the active ingredient of the TAHEEBO
tea extracts was purified and investigated for its antitumor
effect in the "double grafted tumor system." As shown in Fig. 5,
the purified naphthoquinone showed little antitumor effect.
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II. Discussion

In the previously reported study”, we found that the
TAHEEBO tea extract inhibits the growth of the left and right
tumors in the "double grafted tumor system" and activates
macrophages through the induction of serum IAP. In addition,
we clarified that the TAHEEBO tea extract inhibits the invasion
of tumor cells by directly acting on tumor cells.

HUVEC HMVEC
0.4+
—»— Control 04 — Control
—5— TAHEEBO (5 min) | —&— TAHEEBO (5 min)
g T+ TAHEEBO (30 min) —&— TAHEEBO (30 min)

Absorbance
o
Absorbance

0.14

1

Days after incubation

Tumor diameter (mm)

o

2 3 4 1 2 3 4

Days after incubation

Inhibitory effect of TAHEEBO tea extracts on tumor cell growth

In the present study, we clarified that the TAHEEBO tea
extract induces apoptosis in tumor cells but not in normal
lymphocytes (Fig. 1), and inhibits the growth of vascular
endothelial cells (Fig. 4). However, compared with other
BRMs (PSK"® and cepharanthine”'”), the TAHEEBO
tea extract is found to have slightly different actions, as
shown in Table 1.
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% 1 Comparison of biological activities among biological preparations

Biological Anti-metastatic Inhibition Induction ) Growth inhibitiop of
gica effect in “double of tumor cell of apoptosis vascular endothelial cells
preparations »ooe .
grafted tumor system” invasion Tumor cell PBL HUVEC HMVEC
PSK + + + — — _
Cepharanthin + + H + + +
TAHEEBO tea + + + — + +

Then, the TAHEEBO tea extract was compared with
the BRMs studied so far, in terms of the antitumor effect
determined in the "double grafted tumor system' and the
macrophage activation capacity measured based on serum
immunosuppressive acidic protein (IAP) levels. As
shown in Table 2, PSK (a basidiomycete extract) , cephar-
anthine (a herbal medicine) , and TAHEEBO tea (a bark tea
extract) have both an antitumor effect and macrophage

activation capacity. On the other hand, their purified
compounds, which are b-glucan, alkaloid, and naphtho-
quinone, respectively, have been found to have a weaker
antitumor effect and macrophage activation capacity.
This result indicates that extracts are more likely to be
recognized by macrophages than purified products, and
that the antitumor effect is exerted through the antitumor
immunological cascade reactions.
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#* 2 Anti-metastatic effect and macrophage activation of biological preparations

Double grafted tumor system

Biological preparation

Primary tumor

IAP induction

Metastatic tumor .
in serum

Tumor free/ Tumor weight Tumor free/ Tumor weight (#g/ml+SD)

tested (g£SD) tested (g+SD)
Extract of Coliolus
versicolor, Protein bound 4/8 0.7+£0.52 2/8 1.4+0.74 93077
B-glucan (PSK)
Purified B -glucan from
Lentinus edodes (LNT) 0/9 5.8+1.0 0/9 3.7+0.6 189+42
Extract of Stephania
cepharantha HAYATA (CR) 3/8 1.2+0.6 2/8 2.5%0.88 840+62
Purified alkaloid,
cepharanthine 5/10 1.3+2.7 0/10 3.2+0.97 320+34
Extract of TAHEEBO tea 3/7 1.1+1.4 1/7 1.940.9 452+58
Purified naphthoquinone 0/6 3.7+0.8 0/6 1.6+0.2 174122
Control, saline 0/8 5.3+0.72 0/8 3.1£0.5 133+18

SD : standard deviation

The drugs used in conventional Western medicine are
purified compounds, which have specified chemical
structures, whereas the drugs used in traditional Chinese
medicine are Chinese herbal medicines, which are mixtures
of several herbal drugs. However, purified compounds
act as a poison when used at the wrong doses and are
always accompanied by the risk of adverse reactions,
resulting in cases of medical malpractice.

On the other hand, a drawback in the use of Chinese
herbal medicines is that the effective compound cannot
be identified. This poses a risk of adverse reactions when
Chinese herbal medicines are used concomitantly with
Western medicines. Under such circumstances, we have
devised "integrative medicine," which is neither Western
nor traditional Chinese medicinel3). The drugs used in
integrative medicine refer to extracts containing active
ingredients whose structures and functions have been
identified, such as PSK, cepharanthine and TAHEEBO
tea extract. In recent years, these extracts have been
recognized as functional food and are characterized by
fewer and milder adverse reactions.

Part of this study was supported by a research grant
from the Sendai Institute of Microbiology.
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~ru7 7 —JEMALREERELTALLEERL2D
9 %b, HFHEMEY PSK, £EtL 777~
Fv, BAREHMEY S e KEIEEDRELH S

Right tumor
30 4 30 4

Left tumor

—e— Control
------ Naphthoquinone (1 ug/mi)
=--- Naphthoquinone (25 ug/ml)

—e— Control
--a--- Naphthoquinone (1 ug/mi)
-m-- Naphthoquinone (25 ug/mi)

20

Tumor diameter (mm)
Tumor diameter (mm)

Days after incubation

Days after incubation

4 & e R O M PR A b R B R

; T
12 2 2 12
Days after inoculation Days after inoculation

5 Antitumor effect of naphthoquinone

#& 1 Comparison of biological activities among biological preparations

Biological Anti-metastatic Inhibition Induction ) Growth inhibitiop of
g1ce effect in “double of tumor cell of apoptosis vascular endothelial cells
preparations - .
grafted tumor system” invasion Tumor cell PBL HUVEC HMVEC
PSK + + + — — _
Cepharanthin + + + + + +
TAHEEBO tea + + + — + +
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L, 2077 —VEMH Lz SH 20128 L, %
NENOHEYTHE -V h Y, TrhaA
N, 77 b7 VI3PUEERIR L8, vruT77—
TEMALEED BV i bh o, Tb LT

YOI PHEEY LY rsa T 7 —DIc k)
ST, MEEREN AT — FRIGHEID
MEE R RT I Ldbhrol,

EROFEEEFED, (CFHEENHELFR I

#+ 2 Anti-metastatic effect and macrophage activation of biological preparations

Double grafted tumor system

Biological preparation

Primary tumor

IAP induction

Metastatic tumor .
in serum

Tumor free/ Tumor weight Tumor free/ Tumor weight (ug/ml+SD)

tested (g£SD) tested (g+SD)
Extract of Coliolus
versicolor, Protein bound 4/8 0.7+0.52 2/8 1.4+0.74 930+77
B-glucan (PSK)
Purified B-glucan from
Lentinus edodes (LNT) 0/9 5.8+1.0 0/9 3.7+0.6 189+42
Extract of Stephania
cepharantha HAYATA (CR) 3/8 1.2+0.6 2/8 2.510.88 840+62
Purified alkaloid,
cepharanthine 5/10 1.3+2.7 0/10 3.2+0.97 320+34
Extract of TAHEEBO tea 3/7 1.1+1.4 1/7 1.940.9 452+58
Purified naphthoquinone 0/6 3.7£0.8 0/6 1.6+0.2 174122
Control, saline 0/8 5.3+0.72 0/8 3.1+£0.5 133+18

SD : standard deviation
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