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Antitumor-promoting effect of Kampo formulations
on rat urinary bladder carcinogenesis in
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Abstract

We examined the effect of 15 Kampo formulations in a short-term test of bladder carcinogenesis,
using agglutinability of isolated bladder epithelial cells with concanavalin A (Con A). Rats were given
0.019% N-butyl-N-(4-hydroxybutylnitrosamine (BHBN) in drinking water for one week, and then 5%
sodium saccharin (SS) in a powdered diet alone or 5% SS in a powdered diet and 5-fold the usual daily
dose of Kampo formulations was administered orally for 3 weeks. Treatment with Chorei-to (270 mg/
kg/day), Gorei-san (350 mg/kg/day), Hochu-ekki-to (800 mg/kg/day), Hachimi-jio-gan (600 mg/kg/
day), Toki-shakuyaku-san (500 mg/kg/day), Keishi-ka-ryukotsu-borei-to (500 mg/kg/day) or Saiko-
ka-ryukotsu-borei-to (600 mg/kg/day) reduced the increase in the number of Con A-dependent aggre-
gates of bladder epithelial cells induced by SS by 100, 85, 85, 85, 77, 77, and 629, respectively. Among
these formulations, Chorei-to exhibited the strongest inhibitory effect, and its EDs, was 12.8 mg/kg.
Chorei-to also significantly reduced the Con A-dependent agglutinahility of bladder epithelial cells from
rats treated with the bladder tumor promoters 39 DL -tryptophan, 29 butylated hydroxyanisole, 3%
uracil or 0.01% BHBN for 3 weeks. These findings suggest that Chorei-to has a suppressive effect on
rat bladder carcinogenesis.

Key words urinary bladder carcinogenesis, Chorei-to, N-butyl-N-(4-hydroxybutylnitrosamine,
sodium saccharin, butylated hydroxyanisole.

Abbreviations BHA, butylated hydroxyanisole ; BHBN, N-butyl-N-{4-hydroxybutyl)nitrosamine ;
Chorei-to (Zhu-Ling-Tang), %% ; Con A, concanavalin A ; Dai-saiko-to (Da-Chai-Hu-Tang), 228l
% ; EDso, 509% effective dose ; EDTA, ethylenediaminetetraacetic acid ; Eppi-ka-jutsu-to (Yue-Bi-Jia-
Shu-Tang), #5155 ; Gorei-san (Wu-Ling-San), f1%# ; Hachimi-jio-gan (Ba-Wei-Di-Huang-
Wan), /\BEHE AL : Hochu-ekki-to (Bu-Zhong-Yi-Qi-Tang), #2555 ; Juzen-taiho-to (Shi-Quan-Da-
Bu-Tang), *+-4&Kk#li% ; Keishi~ka-ryukotsu-borei-to (Gui-Zhi-Jia-Long-Gu-Mu-Li-Tang), FHn& &
WS . a-MM, a-methyl mannoside ; Oren-gedoku-to (Huang-Lian-Jie-Du-Tang), F#E w545 ; PBS,
phosphate buffered saline ; PGE,, prostaglandin E, ; Ryutan-shakan-to (Long-Dan-Xie-Gan-Tang), &
JEIEHESS  Saiko-ka-ryukotsu-borei-to (Chai-Hu-Jia-Long-Gu-Mu-Li-Tang), 528n# B 455% ; Sei-
shin-renshi-in (Qing-Xin-Lian-Zi-Yin), i&.{:# 74k ; Sho-saiko-to (Xiao-Chai-Hu-Tang), /N 5&#H#5 ; Sho-
seiryu-to (Xiao-Qing-Long-Tang), /IN\i5#&# ; SS, sodium saccharin ; Toki-shakuyaku-san (Dang-Gui-
Shao-Yao-San), 257538 ; Trp, DL-tryptophan.

of the papillary superficial type, which are character-

Introduction ized by frequent multiple intravesical ectopic tumor
growth after transurethral resection.” Bladder tumor
About 70 % of human urinary bladder cancers are promoters are suggested to play an important role in
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the new tumor growth.Z) Kakizoe et al.” " established
a new short-term bioassay for detection of urinary
bladder tumor promoters using agglutinability of iso-
lated bladder cells with concanavalin A (Con A) as the
endpoint. N -butyl - N -(4 ~ hydroxybutyl)nitrosamine
(BHBN),”™ sodium saccharin (SS),”” DL -tryptophan
(Trp),ﬂ L*isoleucine,ﬂ and L-leucine” were found to
have a tumor promoting effect by this method, and
were later proved to be bladder tumor promoters in a
long-term carcinogenicity test.m“Moreover, Kakizoe
et al”™'” screened various compounds for antitumor
promoting activity in bladder carcinogenesis in rats
with a view to using them clinically to inhibit pos-
toperative intravesical ectopic tumor growth of super-
ficial papillary bladder cancer by modifying this
method. Aspirin, a-difluoromethylornithine, and all-
trans aromatic retinoid were shown to have antiumor
promoting activity by this method, and were later
found to inhibit the bladder carcinogenesis in a long-
term carcinogenicity test.” “”Thus, this assay is very
useful for screening not only bladder carcinogens and
bladder tumor promoters but also antipromoters on
bladder carcinogenesis.

Kampo formulations have been recently utilized
for the treatment of cancer patients, with a view
toward improving the patient’s immunological func

20-22) . .
The chemopreventive and antitumor promot-

tion.
ing effects of Kampo formulations have been also
reported.23 * Oka et al” found that Sho-saiko-to
prevented or delayed the occurrence of latent he-
patocellular carcinoma in patients with liver cirrhosis.
Tatsuta et al”" demonstrated that Sho - saiko - to
inhibited the development of hepatic foci.

By using this method, we examined the antipromot-
ing effects of 15 Kampo formulations, which have
been used traditionally as a remedy for urinary sys-
tem disorders, inflammation, anemia, and fatigue,%)on
bladder tumor promoters, SS, Trp, BHA,m BHBN
and uracil.””

Materials and Methods

Animals : Five-weeks-old, male, Wistar rats
were obtained from Japan SLC, Inc., Hamamatsuy,
Japan, and kept in rooms with controlled temperature
(23+1°C), humidity (60+5 %) and 12-h light 12-h dark

cycles. They were fed commercial rat chow (MF:
Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water
ad libitum, and were used after one week of acclima-
tion (average weight, 180 g).

Chemicals : The following chemicals were used :
BHBN (Tokyo Kasei Organic Chemicals, Co., Ltd,
Tokyo) ; SS (Wako Pure Chemical Industries, Ltd,,
Tokyo) ; Trp (Takara Kohsan, Co., Ltd., Tokyo) ; Con
A, a-MM, and uracil (Sigma Chemical, Co., St. Louis,
MO) ; Krestin (Sankyo, Co., Ltd., Tokyo).

Kampo Medicines : Raw herbal medicines for
Kampo formulations were purchased from Yamamoto
Yakuhin Kogyo, Co., Ltd., Tokyo. They were blended
according to the formula,w and then extracted with
boiling water for 60 min. After cooling, the extracts
were filtered, and then lyophilized. The lyophilized
materials were dissolved in water immediately before
use.

Treatment of Animals : The BHBN solution was
freshly prepared every three days in water at a con-
centration of 0.01 9§ and given to rats using a shading
bottle. SS, Trp, BHA, and uracil were given to rats at
a concentration of 5% ,3 %, 2 %, and 3 9, respective-
ly, in the MF powdered diet. Kampo formulations,
Krestin, and furosemide were administered orally (p.
0.) once a day at 11 in the morning during the expo-
sure period.

The rats were randomly divided into 3 groups
consisting of 6 rats each as shown in Fig. 1. The rats
in Groups 1 to 3 were given 0.01 % BHBN in their
drinking water, and basal powder diet for one week.
For the next three weeks, rats in Group 2 were given
water and the powdered diet containing the pro-
moters, SS, Trp, BHA, and uracil, and those in Group
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Fig. 1 Experimental design for examining the effect of
Kampo formulations on agglutinability of bladder cells
with Con A.

BHBN, N-butyl-N-(4-hydroxybutyl)nitrosamine.
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3 were given water, the powdered diet containing the
promoters, and Kampo formulations or Krestin or
furosemide. Rats in Groups E2 and 3 were given
drinking water containing 0.01 % BHBN for an addi-
tional 3 weeks.

Agglutination Assay : All rats were killed in week
four and the urinary bladder was excised. The Con A
agglutination assay was performed as reported previ
ously.m Briefly the urinary bladder was washed with
physiological saline, everted and incubated in 0.15 M
NaCl containing 5 mM EDTA. Epithelial cells were
separated by sonicating and squashing the bladder
mucosa. In each group, the epithelial cells from 2
animals were combined and collected by centrifuga-
tion. The cell suspension (4 to 6x10° cells/ml) was
incubated with Con A (3.2 mg/ml) in a total volume of
40 u1 of PBS (pH 7.4) with or without «-MM (6.4 mg/
ml), a specific inhibitor of Con A binding, for 30 min at
37°C. Then the number of aggregates of more than
four cells per 200 total cells was measured using a
hemocytometer after staining with trypan blue. The
number of Con A-dependent aggregates was calcu-
lated as the difference in numbers with or without a-
MM. Three assays, of each composite from 2 rats,
were performed in each group of 6 animals. The
statistical significance of differences of agglutination
values between Kampo formulation -treated and -
untreated groups was examined by using Student’s ¢
test.

The inhibitory rate was calculated by the follow-
ing formula : Inhibitory rate (%)= {1—(Y-2)/(X-2)}
X100, where X, Y and Z are the mean number of Con
A-dependent aggregates of Groups 2, 3 and 1, respec-
tively.

The EDs, of Chorei-to was determined using the
equation obtained by the least squares method for 4
dose levels (270, 54, 5.4 and 0.54 mg/kg).

Results

Effect of Kampo formulations on SS-induced bladder
tumor promotion

Table I summarizes the effect of Kampo formula-
tions on Con A-dependent agglutinability of isolated
bladder epithelial cells. No significant increase in the

‘number of Con A-dependent aggregates was observed

by treatment with BHBN for one week (Group Al).
However, after treatment with SS for 3 weeks (Group
A2), the number of Con A-dependent aggregates in-
creased markedly (14+1 aggregates per 200 cells).
Additional treatment with 5-fold the usual daily dose
of Chorei-to (270 mg/kg), Gorei-san (350 mg/ kg),
Hochu-ekki-to (800 mg/kg), Hachimi-jio-gan (600 mg/
kg), Toki-shakuyaku-san (500 mg/kg), Keish-ka-
ryukotsu-borei-to (500 mg/kg) or Saiko-ka-ryukotsu-
borei-to (600 mg/kg)(Groups A3-1 to 3-7) suppressed
significantly this increase of aggregates by 100, 85, 85,
85, 77, 77, and 62 %, respectively. The inhibitory
effects of these Kampo formulations were higher than
that of Krestin used as a positive control, in which the
highest inhibitory effect was about 60 9% at doses of
more than 50 mg/kg (Group A3-16). Diuretic fur-
osemide (600 and 150 mg/kg) had a slight inhibitory
effect on the increase of Con A dependent-aggregates
by SS (Group A3-17).

The average food intake of rats given Kampo
formulations was greater than that for rats fed SS
alone (Group A2) in most groups. The final body
weight of rats in Group A2 fed SS was 9.8 9§ less than
that of untreated rats, Group Al, but that of the rats
in Groups A3-1 to 3-15, given Kampo formulations
was similar to the average body weight of rats in
Group A2.

Effect of Chorei-to on bladder tumor promotion

Chorei-to, which showed the strongest inhibitory
effect on the SS-induced bladder tumor promotion in
the Kampo formulations tested, dose - dependently
inhibited the increase of aggregates by SS, and
showed a significant inhibitory effect at a dose of
more than the usual daily dose (54 mg/kg/day, p.0.),
and the EDs, of Chorei-to was 12.8 mg/kg/day (Table
1.

Table III summarizes the inhibitory effect of
Chorei-to on the tumor promotion induced by Trp,
BHA, uracil, and BHBN. Treatment with Trp, BHA,
uracil, or BHBN after BHBN increased the number
of Con A-dependent aggregates to 13, 13, 14, or 15 per
200 cells, respectively. Chorei-to inhibited significant-
ly the increase of aggregates by Trp, BHA, and
BHBN at doses of 5- and 10-fold the usual daily dose,
and the increase of aggregates by uracil was suppres-
sed significantly in the presence of 10- and 20-fold the
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Table I Inhibitory effect of Kampo formulations on saccharin sodium-induced bladder tumor promotion.

Dose of test No. of Con A- o .
Inhib Intak Final
Group Treatment sample dependent n 'omon ntake (g/d.ay) ina body
(mg/kg/day) aggregates® (%) Water Diet weight (g)

Al 0.01% BHBN alone 0 1£1 — 21.6 18.6 253.6
A2 0.019 BHBN +5%SS 0 14+1» — 25.4 15.8 228.8
A3-1 0.01% BHBN+59%5S+ Chorei-to 270 1+1°9 100 31.5 18.4 219.8
2 +Gorei-san 350 3419 85 31.4 18.1 220.9

3 + Hochu-ekki-to 800 3+19 85 27.9 16.1 225.9

4 +Hachimi-jio-gan 600 3+19 85 27.4 15.3 222.8

5 +Toki-shakuyaku-san ) 500 4+1% 77 32.9 17.1 204.5

6 +Keishi-ka-ryukotsu-borei-to 500 4+1% 77 31.0 16.5 226.7

7 +Saiko-ka-ryukotsu-borei-to 600 61 62 29.2 184 235.7

8 +Sho-saiko-to 550 8+4 46 31.2  18.2 235.7

9 + Sho-seiryu-to 450 941 38 35.3 15.3 223.0

10 + Juzen-taiho-to 850 10+0 31 31.0 14.8 227.0
11 +Eppi-ka-jutsu-to 580 10+0 31 28.9 16.4 217.2
12 +Dai-saiko-to 550 13+2 8 31.1 16.4 219.6
13 +Ryutan-shakan-to 800 14+3 0 32.0 18.6 239.4
14 +Oren-gedoku-to 100 - 14+3 0 29.6 15.8 215.3
15 + Seishin-renshi-in 550 14+0 0 27.4 16.5 229.8
16 +Krestin 200 61 62 29.4 16.9 221.7
50 7+19 54 35.9 17.9 226.1

17 + Furosemide 600 12+1 15 32.0 18.1 233.6
150 101 31 31.6 17.6 229.3

All the rats in each group were given 0.01 % BHBN in drinking water for one week, and then rats in each group were given

a 59% SS-containing diet for 3 weeks. Kampo formulations were also injected p.o. at a dose of 5-fold the usual daily dose once

a day for 3 weeks.

Fig. 1 shows the experimental conditions for each group. Agglutination of urinary bladder cells in each group was induced by

3.2 mg/ml Con A, with or without 6.4 mg/ml a-methyl mannoside (a-MM). Three assays, each a composite cell suspension

from 2 rats, were carried out in each group of 6 rats.

a) The number of Con A-dependent aggregates was calculated as the difference between the numbers with or without a-MM
(Mean+S.D., n=3).

b) p <0.01 compared with BHBN alone group.

¢) p<0.01 compared with BHBN +5% SS treated group.

d) p <0.05 compared with BHBN +5% SS treated group.

Table II Inhibitory effect of Chorei-to on saccharin sodium-induced bladder tumor promotion.

Treatment Dose of Chorei-to No. of Con A- Inhibition Final body weight
(mg/kg/day) dependent aggregates® (%) (g)

0.01% BHBN 0 1£1 - 253.6
0.01% BHBN +5% SS 0 141 - 228.8
0.01% BHBN +5% SS+Chorei-to 540 1£19 100 231.0
270 1£19 100 229.8
549 5+19 69 236.4
5.4 9+2 38 243.0
0.54 14+4 0 233.0

Experimental conditions for each group are shown in Fig. 1. Chorei-to was administered p.o. to rats once a day for
3 weeks.

a) Mean+S.D.(n=3).

b) »<0.01 compared with 0.01% BHBN alone group.

c) p<0.01 compared with 0.0196 BHBN +5% SS treated group.

d) The usual daily dose of Chorei-to.

e) p<0.05 compared with 0.0195 BHBN +59% SS treated group.

181
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Table III Inhibitory effect of Chorei-to on Trp-, BHA-, uracil-, and BHBN-induced bladder tumor promotion.

Dose of

No. of Con A-

Group Treatment Chorei-to dependent Inhibition Intake (g/d'ay) Fin.al body

(mg/kg/day) aggregates® (%) Water  Diet weight (g)
Bl 0.01% BHBN alone 0 1+1 21.2 12.9 243 .4
2 0.01% BHBN +3% Trp 0 13+27 22.1 12.2 240.0
3-1 0.019 BHBN+39% Trp+Chorei-to 540¢ 2429 92 28.4 13.8 223.3
3-2  0.01% BHBN+3% Trp+Ch0rei*-tO 270 5+1¢ 67 21.8 12.2 220.0
C1 0.01% BHBN alone » 0 1+1 23.1 17.1 270.2
2 0.01% BHBN +2% BHA 0 13+1 15.4 8.8 199.4
3-1 0.019% BHBN+29 BHA +Chorei-to 540 2x19 92 20.2 12.6 234.0
3-2  0.019 BHBN+29% BHA +Chorei-to 270 3+29 83 21.6 14.5 228.9
D1 0.01% BHBN alone 0 1+1 26.7 18.9 261.1
2 0.01% BHBN +39% uracil 0 14£3% 33.6 9.5 186.9
3-1 0.019 BHBN +39% uracil+ Chorei-to 1080 4+£1 77 36.0 9.5 181.4
3-2  0.01% BHBN +3% uracil+Chorei-to - 540 6+2% 62 35.2 10.8 186.4
El 0.01% BHBN alone 0 1+2 23.3 13.9 254.7
2 0.01% BHBN +0.01% BHBN i} 15+3% 30.0 15.1 266.4
3-1 0.019 BHBN+0.019% BHBN + Chorei-to 540 1+1® 100 28.7 15.1 267.7
3-2  0.01% BHBN+0.019% BHBN + Chorei-to 270 8+29 50 29.8 15.4 266.1

All the rats in each group were given 0.01 % BHBN in their drinking water for one week, and then rats in Groups B2 to 3-2, C2 to 3-
2, D2 to 3-2 and E2 to 3-2 were given 3% Trp-, 2% BHA- and 3% uracil-containing diet and 0.01% BHBN-containing water for 3
weeks, respectively. Chorei-to was also injected p.o. at doses of 5-, 10-, or 20~fold the usual daily dose once a day for 3 weeks. Trp,
pL-tryptophan ; BHA, butylated hydroxyanisole and BHBN, N-butyl-N-(4-hydroxybutyl)nitrosamine.

a) Mean+S.D. (n-=3).

b) p<0.01 compared with each BHBN alone group.

¢} Ten-fold the usual daily dose of Chorei-to.

d) p<0.01 compared with each BHBN +promoter treated group.
e) p<0.05 compared with each BHBN +promoter treated group.

usual daily doses of Chorei-to.

The average final body weight and food intake of
rats in Group C2 fed BHA were, respectively, 26.2 %
and 48.5 94 less than those in the untreated rats (Group
C1), and those Group D2 fed uracil 28.4 % and 19.7 9%
less. Treatment with Chorei-to in Groups C3-1 and 3-
2 caused an increase in body weight and food intake,
although there were no differences in Groups D3-1
and 3-2.

Discussion

In the present study, oral treatment with Chorei-
to resulted in significant inhibition of the rat bladder
tumor promotion by SS, Trp, BHA, uracil, and BHBN
in a short-term test with Con A.

We examined the effects of 15 Kampo formula-
tions on the SS-induced bladder tumor promotion at a
dose of 5-fold the usual daily dose. The average food
intake of rats given Kampo formulations was greater
than that of rats fed SS alone, regardless of the inhibi-
tory effect against the SS-induced tumor promotion.

Moreover, the final body weight of rats given Kampo
formulations was similar to that of rats fed SS alone.
These suggest that the toxicity of 5-fold the usual
daily dose of Kampo formulations is very low and
Kampo formulations possess an aperitive effect.
Herbal medicines are known to contain a variety
of bioactive polysaccharides.29 Y The polysaccharide
preparation, Krestin % has been reported to have
antitumor activity mediated by their ability to stimu-
late immunologic host defense mechanisms and is
used clinically. Fujita et al”" found that Krestin had
an inhibitory effect on the development of malignancy
in bladder tumors in a long-term test. Therefore, we
used Krestin as a positive control. Krestin showed an
antipromoting effect and the highest inhibition rate
was about 60 9% at doses of over 50 mg/kg/day. Of the
15 Kampo formulations tested, 7 showed a higher
inhibitory effect than that of Krestin. Among these
formulations, Chorei-to, Gorei-san, Hachimi-jio-gan,
and Toki-shakuyaku-san have been used tradition-
ally as a remedy for urinary system disorders, and
have diuretic effects.” *” We considered at first that
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the antipromoting effects of these formulations might
be caused by the diuretic activity of these formula-
tions, because the promoter SS may be diluted with
increased urine volume in the target organ urinary
bladder. However, the diuretic furosemide had only a
slight inhibitory effect, suggesting that the anti-
promoting effect of these formulations is produced by
some other mechanisms.

Several studies have shown that dietary calcium is
negatively associated with the risk of colon cancer:"**”
Therefore, we examined whether calcium-containing
formulations, Keishi-ka-ryukotsu-borei-to and Saiko-
ka-ryukotsu-borei-to, could inhibit bladder tumor
promotion by SS. Both of the formulations exhibited
the antitumor promoting effect, suggesting that cal-
cium contained in Osterae Testa (oyster shell) and
Fossilia Ossis Mastodi (fossilized animal bone)“)'is
probably important in the inhibition of bladder tumor
promotion. In fact, calcium phosphate, Ca (H,PO,),,
inhibited significantly bladder tumor promotion by SS
and BHBN at doses of more than 50 mg/kg/day (data
not shown).

Hochu-ekki-to and Juzen-taiho-to have been
used as a remedy for patients with anemia, anorexia
or fatigue * and are known to enhance antitumor
effects.” “’ However in this study, only Hochu-ekki-
to showed a significant antipromoting effect. Further
study is required to evaluate the difference in activity
between the two, such as administration doses of these
formulations.

Recently Tomita et al.*" found that Sho-saiko-to
prevented bladder carcinogenesis by BHBN in a long-
term test. Moreover, a recent study has shown that
Sho-saiko-to inhibits the proliferation of carcinoma
cells due partly to induction of apoptosis.45) In this
short-term test, Sho-saiko-to inhibited bladder tumor
promotion by 46 9. This suggests that the formula-
tions Chorei-to, Gorei-san, Hochu-ekki-to, Hachimi-
jio-gan, Toki-shakuyaku-san, Keishi-ka-ryukotsu-
borei-to and Saiko-ka-ryukotsu-borei-to, have a
higher inhibitory rate than Sho-saiko-to on rat blad-
der carcinogenesis.

Chorei-to exhibited the highest inhibitory effect
on bladder tumor promotion by SS in the formulations
tested, and the ED;, (12.8 mg/kg/day) was less than
the usual daily dose (54 mg/kg/day). We examined

whether treatment with Chorei-to could inhibit any
other bladder tumor promoters, 7.e., Trp, BHA, uracil
and BHBN. Chorei-to showed a significant anti-
promoting activity and the effect was dose-dependent.
Many studies have been done to demonstrate the
mechanism (s) of bladder tumor promoters including
SS, Trp, BHA, uracil and BHBN, but the actual
mechanism (s) is still unknown. Only the following
findings have been reported ; a) high doses of SS led to
the formation of silicate-containing precipitate and
microcrystals in the urine of male rats,mb) DL-trypto-
phan had promoting activity on urinary bladder car-
" put L-

tryptophan, which is biologically the more important
47)

cinogenesis in male rats induced by BHBN,

form, did not exert any significant promoting effect,

. c) BHA increased in levels of PGE,, cAMP and

ascorbic acid along with elevated DNA synthesis in
bladder tissues,48' @ d) uracil induced urinary bladder
stones,m e)N-butyl-N-(3-carboxypropyl)nitrosamine,
the principal urinary metabolite of BHBN in rats,
selectively induced the bladder carcinoma in rats.””
These findings suggest differences in the underlying
mechanisms of these bladder tumor promoters. There-
fore, Chorei-to could be an effective chemopreventive
formulation for urinary bladder cancer. A test of the
effect of Chorei-to in a long-term experiment on
bladder carcinogenesis in rats is now in progress in
our laboratory.
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