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Abstract

The effects of combined treatment of Kampo medicines and cis-dichlorodiammine-
platinum (II) (CDDP) were investigated using a mouse model with transplanted Meth-A fi-
brosarcoma. Eight Kampo medicines, which are used in treatment of kidney diseases or are
known to have immunomodulatory activities, were tested by oral administration in a range of
0.25 to 1.0 g/kg/day. The combined use of CDDP (0.5 and 1.5 mg/kg) with Sairei-to or Inchin-
gorei-san resulted in the significant augmentation of the antitumor activity compared with
CDDP alone. In the case of 3.0 mg/kg CDDP, Sairei-to restored the toxic effects of CDDP in
terms of blood nitrogen urea and survival time in addition to the enhancing effect on the
antitumor activity of CDDP. These results suggest that Sairei-to is useful in the treatment
of cancer patients in combination with CDDP.
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Introduction

Cis-Dichlorodiammineplatinum (II) (CDDP) has
strong antitumor activity and has been used in the
treatment of various human tumors since its spec-
trum of activity is broad. Many clinical studies,
however, have shown that CDDP has severe side
effects, and the major dose-limiting factor in man
is the nephrotoxic effect of CDDP."™ 1In order to
ameliorate the renal toxicity, various trials have
been performed, typically administering diuretics
with CDDP."”

In the present paper, the effects of the simulta-
neous use of Kampo medicines with CDDP on Meth-
A fibrosarcoma were investigated in BALB/c
mice. We have tested 8 Kampo medicines which
are known to be used in therapy against kidney
diseases and to have immunomodulatory effects.
The Kampo medicines used are as follows : Gorei-

san, Moku-boi-to, Gosya-jinki-gan, Sairei-to,
Inchin-gorei-san, Sho-saiko-to, Hochu-ekki-to,
Juzen-taiho-to.

Materials and Methods

Animals . Specific pathogen - free female
BALB /c mice (6 weeks old when used) were
purchased from Charles River Japan, Inc. (Atsugi,
Japan). The mice were kept in plastic cages and
allowed at least 1 week for acclimation before the
beginning of the experiment. Seven mice per
group were used in all experiments.

Tumor . Meth-A cells, originated from the
fibrosarcoma induced with methylcholanthrene in
BALB/c mice, were maintained by intraperitoneal
injection using BALB/c mice. Viable cells were
counted in a hemocytometer with trypan blue.

Reagents : CDDP was obtained from Nippon
Kayaku Co., Ltd. (Tokyo, Japan). All Kampo
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medicines, consisting of spray-dried hot water
extracts of a mixture of certain medicinal plants,
were obtained from the Ibaraki Plant of our
company (Tsumura & Co., Tokyo). CDDP and
Kampo medicines were dissolved in physiological
saline and distilled water, respectively.

Assay for antitumor activity . Meth-A tumor
cells (1 X 10%) were transplauted into the right
abdomen of BALB/c mice. Kampo medicines
were administered orally for 7 consecutive days
from the following day after the transplantation
of Meth-A tumor and CDDP was injected intraper-
itoneally for 6 consecutive days from day 2.
Antitumor activity was assessed by weighing
tumors excised on day 14 after the transplanta-
tion. In the case of a high dose of CDDP (3 mg/
kg), the survival time of tumor-bearing mice was
determined as a parameter of antitumor activity.

Measurement of blood urea witrogen (BUN)
and creatinine : BUN and creatinine were assayed
with an automatic analyzer (Toshiba TBA-380)
using assay kits of urea nitrogen-TA test Wako
and creatinine-TA test Wako (Wako Pure Chemi-
cal Industries, Tokyo), respectively.

Statistical analysis : Comparisons of tumor
weight and survival time between experimental
groups were performed using Student’s ¢-test and
x-test, respectively.

Results

Combined effect of each Kampo medicine and
CDDP

Table I presents the combined effect of each
Kampo medicine (0.5 g/kg) and CDDP (0.5 mg/kg)
on the growth of the Meth-A tumor. When Sairei-
to or Inchin-gorei-san was administered in combi-
nation with CDDP, the inhibition rate of tumor
growth was 30 % higher than that by CDDP alone
(the difference was significant). Each Kampo
medicine alone had no obvious antitumor activity
on Meth-A fibrosarcoma {(data not shown).
Administration doses of Saivei-to and Inchin-
gorer-san

The varying doses (0.25, 0.5 and 1.0 g/kg) of
Sairei-to and Inchin-gorei-san were tested in
combination with 0.5 mg / kg CDDP (Table 2).
CDDP alone showed the inhibition of tumor
growth by 23.3 %. The combined use of Sairei-
to or Inchin-gorei-san with CDDP at all doses
tested produced an increase in antitumor effect by
approximately 20 to 30 9§ compared with CDDP
alone, and the increase was particularly signifi-
cant at doses of 0.5 and 1.0 g/kg. Likewise, a
similar effect was obtained when the dose of
CDDP was increased to 1.5 mg/kg (Table 3). In

Table I Effect of combined treatment of CDDP and Kampo medicines on
transplanted Meth-A fibrosarcoma in BALB/c mice.

Tumor weight (g)

Inhibition rate (%)

Kampo medicines CDDP
(0.5 g/ke) (0.5 me/ke) Mean+S.D. Versus CDDP alone

None - 2.042+0.61

None + 1.3440.33 -
Sho-saiko-to + 1.24+0.35 7.5
Gorei-san + 1.384+0.32 -3.0
Moku-boi-to + 1.06+0.29 20.9
Hochu-ekki-to + 1.22+0.34 9.0
Juzen-taiho-to + 1.09+0.26 18.7
Gosha-jinki-gan + 1.17£0.28 12.7
Sairei-to + 0.91+0.10* 32.1
Inchin-gorei-san + 0.93+0.33* 30.6

Meth-A tumor cells (1Xx10° were transplanted into the right abdomen of BALB/c mice.
Tumor weight was determined by weighing tumors excised on day 14 after the transplanta-
tion. Values are represented as the mean+S.D. of 7 determinations. *Significantly different

from CDDP alone with p <0.05.
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Table 11 Effect of combined treatment of CDDP (0.5 mg/kg) and Sairei-to or
Inchin-gorei-san on transplanted Meth-A fibrosarcoma in BALB/c mice.

Kampo Tumor weight (g) Inhibition rate (%)
medicines CDDP Increase of
0.5 mg/kg) Mean + S.D. Versus body weight (g)
(g/kg) CDDP(—) CDDP(+)
None - 1.60+0.28 — 0.43
None + 1.18%0.17 26.3 - 0.68
Sairei-to (0.25) + 0.95+0.27 40.6 19.5 0.81
Sairei-to (0.5) + 0.91+0.20* 43.1 22.9 1.31
Sairei-to (1.0) + 0.96+0.06* 40.0 18.6 0.59
Inchin-gorei-san (0.25) + 0.92+0.35 42.5 22.0 0.77
Inchin-gorei-san (0.5) + 0.85%0.30* 46.9 28.0 1.37
Inchin-gorei-san (1.0) + 0.81£0.27* 49.4 31.4 0.98

Experiment was performed as described in Table . The increase of body weight on day 14
after the transplantation of tumor cells was represented as the difference from that on day 0.
* Significantly different from CDDP alone with p <0.05.

Table III Effect of combined treatment of CDDP (1.5 mg/kg) and Sairei-to or
Inchin-gorei-san on transplanted Meth-A fibrosarcoma in BALB/c mice.

Kampo Tumor weight (g) Inhibition rate (%)
medicines CDhDP Increase of
(1.5 mg/kg) Meam x S.D. Versus body weight {(g)
(g/ke) CDDP (—) CDDP (+)
None - 1.60+0.28 - 0.43
None + 0.97+0.19 39.4 - -0.40
Sairei-to (0.25) + 0.75+0.12* 53.1 22.7 0.41
Sairei-to (0.5) + 0.69+0.17* 56.9 28.9 0.66
Sairei-to (1.0} + 0.68£0.27 57.5 29.9 0.33
Inchin-gorei-san (0.25) + 0.76+0.19 52.5 21.6 0.58
Inchin-gorei-san (0.5)  + 0.68+0.11** 57.5 29.9 0.65
Inchin-gorei-san (1.0) + 0.78£0.10 51.3 19.6 0.06

Experiment was performed as described in Table 1.
* ** Significantly different from CDDP alone with p <0.05 and p <0.01, respectively.

Table IV Effect of combined treatment of CDDP (3.0 mg/kg) and Sairei-to or
Inchin-gorei-san on survival time of tumor-bearing mice.

Kafn'po CDDP 35 days Survival Days ILS (%)
medicines (3 mg/kg) Survivors/Total —— Rangelday

(g/kg) Mean+SE. Versus CDDP alone
None e 0/7 28.9+1.2 25-35
None + 0/7 21.0%4.5 8-35 -
Sairei-to (0.25) + 3/7 28.6%+5.2 10-46 36
Sairei-to (0.5) + 4/7 29.1£5.9 10-46 39
Sairei-to (1.0) + 5/7* 37.1£3.3* 19-47 77
Inchin-gorei-san (0.25) + 1/7 20.0+4.4 10-40 -5
Inchin-garei-san (0.5) + 1/7 21.4+5.1 11-42 2
Inchin-gorei-san (1.0) + 4/7 30.9+3.7 13-39 47

Meth-A tumor cells (1 X10° were transplanted into the abdomen of BALB/c mice and the
survival time of tumor-bearing mice was observed.
* Significantly different from CDDP (—) and CDDP (+) groups with p <0.05.
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Table V Effect of combined treatment of CDDP (1.5 mg/kg) and Sairei-to on

transplanted Meth-A fibrosarcoma in BALB/c mice.

.Treatr.neflt CDDP Tumor weight (g) Inhibition rate (%) Increase of
with Sairei-to (1.5 mg/kg) body weight (g)
0.5 g/kg) Mean=+S.D. Versus CDDP alone
None - 1.03£0.32 1.73
None + (0.85+0.14 - 0.38
Pre-Sairei-to ® + 0.56+0.17** 341 0.79
Post-Sairei-to” + 0.5940.19* 30.6 1.38
Pre- and Post-Sairei-to® + 0.50+0.19*** 41.2 1.10

3 Pre-Sairei-to : Sairei-to was administered p.o. for days -7~-1.

2 Post-Sairei-to : Sairei-to was administered p.o. for days 1~7,

9 Pre- and Post-Sairei-to : Sairei-to was administered p.o. for days -1~-7 and 1~ 7.
CDDP : CDDP was administered i.p. for days 1~7.

* k% xxx Significantly different from CDDP alone with p <0.05, » <0.01 or p <0.005, respec-

tively.

addition, administration of Sairei-to or Inchin-
gorei-san restored the weight loss induced by 1.5
mg/kg CDDP.
Effect of combined use on survival time

Table 4 presents the effect of the combined
use of Sairei-to or Inchin-gorei-san and CDDP (3
mg/kg) on the survival time of tumor-bearing
mice. The mean survival time of tumor-bearing
mice without any treatment was 28.9+£1.2 days.
Administration of CDDP alone at 3 mg/kg result-
ed in the earlier death of tumor-bearing mice and
the reduction of the mean survival time to 21.0+
4.5 days, and all mice tested died by day 35 after
‘When Sairei-
to (all doses tested) or Inchin-gorei-san (1.0 g/kg)

the transplantation of tumor cells.

was administered in combination with CDDP, the
survival time was prolonged by 36 to 77 %
compared with CDDP, alone. In particular, in
the case of 1.0 g/kg Sairei-to, the prolongation of
the mean survival time (37.1+3.3 days) was signif-
icantly different from that in mice without any
treatment or treated with CDDP alone, and 5 of
the 7 mice survived for more than 35 days.
Adwministration regimens of Saivei-to

The combined effect of Sairei-to (0.5 g/kg)
and CDDP (1.5 mg/kg) regarding antitumor activ-
ity was investigated by changing the administra-
tion regimens of Sairei-to (Table5). Sairei-to
was administered for 7 days before, after, or
before and after the transplantation of tumor
cells. Regardless of the administration regimen

for Sairei-to, the tumor growth was significantly

inhibited at a similar rate (34 to 41 9%).
Effect of Saivei-to on BUN and creatinine

As shown in Fig.1, CDDP induced an
increase in BUN in mice, and the maximum value
of BUN was seen on day 12 (5 days after the final
injection of 1.5 mg/kg CDDP) after the transplan-
tation of tumor cells. Fig. 2 presents the effect of
Sairei-to on BUN. Administration of Sairei-to
at all doses tested significantly reduced the BUN.
With respect to creatinine, no change was obser-
ved following the injection of CDDP.
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Fig. 1 Time course of plasma BUN in mice treat-
ed with CDDP. Mice were transplanted with
Meth-A tumor cells (1 X10°) at day 0 and 1.5 mg/
kg CDDP was injected intraperitoneally for 6
days from day 2. The BUN in plasma was
measured at the days indicated.
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Fig. 2 Effect of Sairei-to on a rise in BUN
caused by CDDP. Experiment was performed
as described in Fig. 1. The BUN in plasma was
measured on day 12 after the transplantation of
tumor cells (5 days after the final injection of
CDDP). *Significantly different from CDDP
alone with p <0.05.

Discussion

Recently, there have been many reports that
various Kampo medicines have beneficial effects
in enhancing the activity of anticancer agents and
reducing the side effects of anticancer agents or
radiation.”" This work was performed to deter-
mine the combined effect of Kampo medicines
and one of the most commonly used anticancer
agents, CDDP, in tumor-bearing mice.

Kampo medicine alone did not show any
antitumor activity. However, Sairei-to and In-
chin-gorei-san, among the Kampo medicines test-
ed, significantly augmented the antitumor activity
when each of them was used in combination with

CDDP. These Kampo medicines also prevented
the weight loss of tumor-bearing mice treated
with CDDP. In the case of 3.0 mg/kg of CDDP,
the survival time of tumor-bearing mice was also
prolonged by the combined use of Sairei-to and
CDDP.
tumor-bearing mice treated with CDDP (3.0 mg/
kg) alone was shorter than that of the nontreat-

In this experiment, the survival time of

ment group, suggesting that the animals died due
to the toxicity of CDDP rather than due to the
tumor. Therefore, Sairei-to seems to protect the
mice from the toxic effects of CDDP. This is
also supported by the effect of Sairei-to on BUN
in which Sairei-to clearly inhibited a rise in BUN
caused by CDDP. This may indicate the possibil-
ity that Sairei-to enables us to use higher clinical
doses of CDDP in the therapy of cancer patients.
The reducing effect of Sairei-to on CDDP-induced
toxicity may be one mechanism for enhancing the
apparent antitumor activity of CDDP. On the
other hand, Sairei-to also revealed the stimulator-
y effect on the antitumor activity of CDDP of 0.5
mg/kg, at which little toxic effect was observed.
Therefore, Sairei-to may contribute to the en-
hanced antitumor activity through some other
mechanism. According to our unpublished data,
Sairei-to showed various effects on the produc-
tion of interleukins. We are now investigating
the effects of Sairei-to on the immune system in
combination with CDDP.

CDDP is known to induce an increase in
BUN, which is one parameter of kidney damage,
as well as in creatinine. Sugihara ef al’* ™ have
reported that the kidney damage by CDDP cor-
related with the production of active oxygen.
Therefore, Sairei-to may reduce the CDDP-in-
duced kidney toxicity by its scavenger effect since
Sairei-to has been reported to inhibit the produc-
tion of active oxygen.lm Alternatively, Sairei-to
may reduce the uptake of CDDP by renal tubular
cells by inducing an increase in the tubular flow
rate and a decrease in the renal concentration of
the drug since Sairei-to is originally known as a
diuretic.”" ™ In general, diuretics. however, are
known to reduce the antitumor effect of CDDP as
well as the toxicity. In addition, Sairei-to con-
tains saponin; therefore, the saponin may be
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associated with anti-inflammatory effect such as
that exerted by steroids.””*” These possibilities
are now under investigation.

On the other hand, no increase in plasma
concentration of creatinine was observed after
administration of CDDP in this study. This may
be because increase in plasma concentration of
creatinine does not occur until the damage of
kidney becomes very severe since the excretion of
In this study, 1.5
mg/kg CDDP may not be high enough to cause
the increased plasma concentration of creatinine

creatinine continuously occurs.

in mice.

In conclusion, our results suggest that Kampo
medicines, especially Sairei - to, enhance the
antitumor activity of CDDP and decrease the
toxicity of kidney. Therefore, Sairei-to may allow
us to administer much higher doses of CDDP in
clinical therapy.
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