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Abstract

We have previously indicated that a strong cytotoxicity of Shofu-san (Xiao-Feng-San, ¥ B0
against human hepatoma HepG2 cells was based on the action of Bardanae Fructus (Goboshi), an
ingredient of the Kampo formulation. Goboshi extract showed about 10-fold stronger cytotoxicity
against HepG2 cells than against Chang liver cells. The cytotoxicity of Goboshi extract became
extremely strong in Chang liver cells, but not in HepG2 cells, by pretreatment with L-buthionine- (S, R) -
sulfoximine, an inhibitor of glutathione (GSH) biosynthesis. The cytotoxicity of Goboshi extract on
HepG?2 cells was weakened by L-cysteine. The contents of nonprotein sulfhydryl (SH) -substances and
GSH in Chang liver cells were about 2-fold higher than in HepG2 cells. There was no significant
difference between glutathione S-transferase (GST) activities of Chang liver cells and that of HepG2
cells. Murine sarcoma S180 cells contained a similar or less amount of SH-substances than HepG2 cells,
and Goboshi extract showed significant antitumor activity against S180-bearing mice by oral adminis-
tration. These results suggest that Goboshi extract contains some cytotoxic or antitumor components,
which may be detoxified by intracellular SH-substances.

Key words Bardanae Fructus (Goboshi), cytotoxicity, antitumor activity, glutathione, glutathione
S-transferase, sulfhydryl substances.

Abbreviations BSO, L-buthionine- (S, R) -sulfoximine ; GSH, glutathione ; GST, glutathione S-
transferase ; L-Cys, L-cysteine ; MTT, 3- (4,5-dimethylthiazol-2~yl) -2,5-diphenyltetrazolium bromide ;
SH, sulfhydryl ; PBS, phosphate buffered saline.
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Antitumor activity of Bardanae Fructus (Goboshi) extract

Introduction

We have previously reported that a Kampo for-
mulation Shofu-san (WEED) and its ingredient Bar-
danae Fructus (Goboshi) showed strong i vitro
cytotoxicities on a human hepatoma derived cell line
HepG2 cells.” Interestingly, the cytotoxicities of
Shofu-san extract and Goboshi extract against Chang
liver cells, derived from human normal hepatocyte,
were significantly lower than that of HepG2 cells. We
hypothesized that this difference in susceptibility
between these cell lines was due to a different strength
of counteraction against the cytotoxic component (s)

of Goboshi extract.

This study deals with (a) the relation between the
in vitro cytotoxicity of Goboshi extract and contents
of sulfhydry! (SH)-substances in the cells and (b) in
vivo antitumor activity of Goboshi extract on murine
ascitic sarcoma $S180.

Materials and Methods

Chemicals : Dimethylsulfoxide, 5,5’ -dithiobis (2-
nitrobenzoic acid), 1-chloro-2,4-dinitrobenzene and L-
cysteine (L-Cys) were obtained from Wako Pure
Chemical Industries, Tokyo, Japan. L-Buthionine- (S,
R) -sulfoximine (BSO), 3-(4,5-dimethylthiazol-2-yl) -

TO10-11 UL H G HA RN 5 B4 -1-1
EH RS REERE BT RE=

4-1-1, Kenjojima, Matsuoka-cho, Yoshida-gun, Fukui
910-11, Japan

FIEEEE 37 EE 13, 161—155, 1996



152 Antitumor activity of Goboshi

2,5-diphenyltetrazolium bromide (MTT) and glutath-
ione (GSH, reduced form) were purchased from
Sigma Chemical Co., St. Louis, MO, U.S.A. Trypsin
(1 : 250) was purchased from Difco Laboratories,
Michigan, U.S.A. Goboshi extract was obtained from
Hachiro Seiyaku Co., LTD., Nagoya, Japan. All other
chemicals were of reagent grade.

Agents used for cytotoxicity assay were dissolved
in distilled water or culture medium, then filtered
through 0.22 ym membrane filter (NIHON MIL-
LIPORE LTD., Yonezawa, Japan), and diluted with
culture medium to various concentrations. The drug
solutions were prepared immediately before each
experiment.

Cell culture : HepG2 cells and Chang liver cells
were routinely cultured in Dulbecco’s Modified Eagle’s
Medium (Nissui Pharmaceutical Co., LTD., Tokyo,
Japan) supplemented with 10 9 fetal bovine serum,
L-glutamine (4 mMm}, penicillin (100 1U/ml), and strep-
tomycin (100 xg/ml) in a humidified atmosphere of
59 CO,, 95 9% air.

Cytotoxicity assay : Cytotoxicity was determined
by using MTT assay * and calculated using the fol-
lowing equation :

9% cytotoxicity =[1 -(optical density of treated
well/optical density of control well) ] X100

The IC;, values were determined from full sur-
vival curves.

Assay of GSH : Cells, cultured in plastic culture
bottles (Falcon 3084, Becton Dickinson and Company,
New Jersey, U.S.A.) with or without BSO, were
detached from the plastic culture bottles by treatment
with trypsin solution (0.259% trypsin/0.2 % eth-
ylenediamine tetraacetic acid in phosphate buffered
saline (PBS), pH 7.4, Ca*, Mg* free), and washed
once with PBS. Murine sarcoma S180 cells, which
were serially maintained by intraperitoneal passage in
female ddY mice (Nippon SLC, Hamamatsu), were
harvested from the abdominal cavity about 7 days
after the tumor inoculation and washed twice with
PBS. Cells were suspended in 50 mM potassium phos-
phate buffer, pH 7.4, containing 1.15 % KCl and
sonicated using TOMY ultrasonic disrupter UD-201,
centrifuged at 10,000 Xg for 10 min, and the super-
natant was used as microsomal fraction. Contents of
nonprotein SH-substances in the microsomal fraction

of the cells were colorimetrically measured using 5,5’
dithiobis (2-nitrobenzoic acid) by a method reported
by Palamanda and Kehrer.” GSH (reduced form)
contents were determined by subtracting the values
for nonprotein SH-substances in the cells treated with
50 «M BSO for 24 hr from that in untreated cells.

Assay of GST activity : Total GST activity was
determined according to the method of Habig et al’
The activities in the 105,000 X g supernatant were
measured in 100 mM potassium phosphate buffer (pH
6.5) containing 1mM GSH and 1mM 1-chloro-2,4-
dinitrobenzene.

Protein determination . Protein contents were
measured by the method of Bradford using Bio-Rad
Protein Assay Kit (Bio-Rad Laboratories, U.S.A.)
with bovine serum albumin (Sigma Chemical) as a
standard.

Antitumor experiment : Mice (6 weeks old) were
intraperitoneally inoculated with S180 cells (1x10°
cells/mouse), and were orally given 2.5, 5 or 10 mg/kg
body weight of Goboshi extract once a day for 10 days
from 24 hr after the tumor cell inoculation.

Statistical significance was determined by unpair-
ed two-tailed Student’s f-test, with p values<0.05
considered to be significant.

Results

Cytotoxicity of Goboshi extract and effects of BSO and
L-Cys

As shown in Tablel, cytotoxicity of Goboshi
extract on HepG2 cells was markedly higher than that

Table I Effects of BSO treatment on the cytotoxicity
of Goboshi extract.

Chang liver cells HepG2 cells

BSO (um) ICsy (ug/ml)

0 174+12 12+1
12.5 59%4 * 18+3
25 16+6 * 1542
50 5.0%0.8* 9.7+1.1

Ten hr after seeding, cells were cultured in the presence of
the indicated concentrations of BSO for 14 hr and then
incubated with various concentrations of Goboshi extract
for 3 days.

*Significant difference from control at p<0.0005. Values
are represent the mean+S.E. of three to six independent
experiments done in quadruplet.
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on Chang liver cells. After treatment with BSO (12.5-
50 uM) for 14 hr, the effect of Goboshi extract was
hardly changed in HepG?2 cells, but in Chang liver cells
it became strong. On the other hand, by addition of
L-Cys to the culture medium, the cytotoxicity of
Goboshi extract on HepG2 cells was diminished in a
concentration - dependent manner (Fig. 1), without
direct interaction of Goboshi extract with L-Cys in
the media (data not shown). The effect of L-Cys was
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Fig. 1 Effect of L-Cys on the cytotoxicity of Goboshi
extract against HepG2 cells. Cells were incubated in the
absence (®) or presence of 0.5 () and 1.0 mm L-Cys (o)
without or with 50 uM BSO (w) for 24 hr, then further
incubated with varying concentrations of Goboshi extract
for 72 hr. Values represent the mean+S.E. of three in-
dependent experiments done in quadruplet.

almost canceled by co-culture with 50 xM BSO (Fig.
1.
GST activity and contents of SH -substances in cells

While total GST activity in HepG2 cells was only
slightly lower than that in Chang liver cells (Table II),
both contents of nonprotein SH-substances and GSH,
of which biosynthesis was inhibited by treatment with
50 uM BSO for 24 hr, were 2-fold less in HepG2 cells
than in Chang liver cells (TableII).
In vivo antitumor experiment

The antitumor effect of Goboshi extract was
examined on murine sarcoma S180 cells. The content
of nonprotein SH-substances in S180 cells was 46.5+
1.2 nmol/mg protein, which was slightly lower than
that of HepG2 cells, and the 1C;, value of Goboshi
extract against the cells was 11.8+5.2 ug/ml.

When orally administered once a day for 10 days,

Control
2.5 mg/kg
5 mg/kg

10 mg/kg

Number
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Fig. 2 Antitumor effect of Goboshi extract on S180-bear-
ing mice. Twenty-four hr after tumor inoculation (1 x10¢
$180 cells/mouse), the indicated doses of Goboshi extract
were orally administered to 6 mice in a group once a day
for 10 days.

Table II GSH/GST related biochemical analyses in Chang liver cells and HepG2 cells.

Chang liver cells HepG2 cells
GST activity (nmol/min/mg protein) 32.7%x4.3 26.9+3.9
SH substance (nmol/mg protein) 98.0%5.0 55.0+4.5*
GSH content (nmol/mg protein) 57.8+6.2 25.0%2.7**

See details in Materials and Methods.

* **Significant differences from Chang liver cells at p <0.005 and p <0.01, respectively. Values are
represent the mean+S.E. of three to four independent experiments done in triplicate.
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high dosages of Goboshi extract (5 and 10 mg/kg)
markedly prolonged the life span of S180-bearing
mice (Fig.2).

Discussion

This study suggests that Goboshi extract contains
some cytotoxic or antitumor components. These com-
ponents may be detoxified by SH-substances, such as
GSH and L-Cys which is known as for a precursor of
GSH synthesis and enhances its synthesis,5 "in the
cells. It is generally accepted that GSH and GSTs play
important roles in the detoxication of various electro-
philic chemicals. GSH can conjugate chemicals, and
increases in cellular GSH levels and GSTs expression
are frequently associated with resistance of tumor to
alkylating agents.8 v Fujiwara ef al reported that
significantly increased intracellular GSH levels were
found in cisplatin-resistant tumor cells and manipula-
tion of GSH levels with BSO produced a partial sensit
ization.'"It has been also reported that the antitumor
activities of some alkylating agents can be increased
by GSH depletion.m

Here, we indicated that human hepatoma HepG2
cells were more sensitive to Goboshi extract than
Chang liver cells, which contained high amounts of
nonprotein SH-substances and GSH than HepG2 cells,
while there was no significant difference between
GST activities of Chang liver cells and HepG2 cells.
The cytotoxicity of Goboshi extract against Chang
liver cells significantly increased after treatment with
BSO, an inhibitor of GSH biosynthesis,m in contrast
the cytotoxicity against HepG2 cells decreased by L-
Cys. These results support that components contained
in Goboshi extract are detoxified by intracellular SH-
substances.

Moreover, Goboshi extract showed antitumor
activity against S180-bearing mice by oral administra-
tion. These results may imply Goboshi extract could
be effective in adjuvant chemotherapy for human
cancer. The details for the active components of
Goboshi extract are now being studied.
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