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ABSTRACT

AIM. To study structure-activity relationship of tubeimo-
sides isolated from Bolbosteruna paniculatum for their
anti-inflammatory, antitumor, and antitumor-promoting
effects. METHODS: Tubeimosides 1, [, and I
were isolated from tubers of Bolbosterma paniculatim
(Maxim ) Franquet ( Cucurbitaceae), a Chinese folk
medicine, “Tubeimu”, and their anti-inflammatory, anti-
tumor, anti-tumorigenic activities, and acute toxicity
were studied in vivo. RESULTS: Tubeimosides I,
I, and [ are all natural analogues of oleanape type of
triterpenoid saponins from the same medicinal plant, and
all show anti-inflammatory, antitomor, and antitumor-
promoting effects.  However, the anti-inflammatory,
anti-tumeor, and anti-tumorigenic activities of tubeimoside
I are stronger than those of wbeimoside [, and the
acute toxicity of tubeimoside II is lower than that of
tubeimoside [ ; the anti-inflammatory, anti-tumor, and
anti-tumorigenic activities of wbeimoside Il are stronger
than those of tubeimoside I, and the acute toxicity of
tubeimoside [ is also stronger than that of tubeimoside
[ . CONCLUSION: C-16 hydroxyl group of tubeimo-
side [ plays an important role in enhancing biological
activity of tubeimoside [[ and in decreasing its toxicity.
The difference of chemical structure in B and/or C posi-
tion between tubeimosides [II and [l plays an important
role in enhancing biological activity and toxicity of

*Correspondence to Prof YU Li-Jian.
Phn 86-759-238-2041 . Fax 86-759-238-2024..
E-mail ywyj@ zjou.edu.cn

Received 2000-09-18 Accepied 2001-02-08

tubeimoside [ . Therefore tubeimosidre Il may be the
most promising agent for cancer chemoprevention and
chemotherapy among tubeimosides 1, I, and [II .

INTRODUCTION

The wber of Bolbostemma paniculatumn { Maxim )
Franquet ( Cucurbitacese ), a traditional Chinese folk
medicinal plant, was listed in the Supplement (o the
Compendium of Materia Medica, compiled in the Qing
Dynasty'’). Tubeimosides T, I, and [l ase all natu-
ral analogous oleanane type of triterpennoid saponins from
this plant(Fig 1). As tubeimosides I and [l have been
shown to have anti-inflammatory, antitamor, and antitu-
mor-promoting effects =5, and the differences between
tubeimoside I and [ have been demonstrated'™ , it is
of preat interest to study whether wbeimoside [1, the
namural analog of tubeimosides I and [ . has the same
effects, and the structure-activity relationship of tubeimo-
sides I, I, and [l in their anti-inflammatory, antitu-
mor, and antitumor-promoting effects.

MATERIALS AND METHODS

Plant materials  The plant was collected at
Shaanxi Province (China) and identified by Prof QUAN
Y (Department of Botany, Shaanxi Provincial Academy
of Traditional Chinese Medicine and Phanmacology, Chi-
na). A voucher specimen (Ne 097) has been deposited
in the Depantment of Marine Pharmacy, Institute of Ma-
rine Biology, Zhanjiang Ocean University, Zhanjiang
524025, China.

Isolation of tubeimosides I, I, and If
Tubeimosides T, 11, and [l were isolated from the tu-
ber of Bolbostemma paniculaium by a modification of the
method reported previously2® 7 . Their chemical struc-
wre was established by Kong er al®®) and Kasai et ai’”.
Tubeimosides I, Il , and Il are all saponins having a
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Tubeimoside-]l1

Structure of tubeimosides [, I, and I

novel cyclic structure with a 3-hydroxy-3-methylglutarate
bridge and the name “cyclic bisdesmoside” was proposed

for saponins of this type. Tubeimosides [ and I (pu-
rity > 98. 5% ) were dissolved in distilled water, and
tubeimoside [ (purity >99% ) was initially dissolved in
dimethylsulfoxide (Me,S0).

Chemicals  12- O-tetradecanoyiphorbol-13-acetate
(TPA) was obtained from Pharmacia (Uppsala, Swe-
den). 7,12-Dimethylbenz|  Janthracene (DMBA) was
purchased from Wako (Osaka, Japan). All other chem-
icals used were of analytical grade.

Animals and tumor ICR and inbred BALB/c
mice, aged about 8 weeks, both male and female, were
purchased from Shizuoka Laboratory Animal Center
(Japan} and the Animal Laboratory Center in Zhongshan
Medical University and Guangdong Medical College
{China) . Transplantable mouse sarcoma 180(S,y,) was
maintained by weekly passage in inbred BALB/¢ mice.

Anti-inflammatory experiments Male ICR
mice were treated with TPA (2 pg in 20 L acetone) on
both surfaces of each ear. The test compound dissolved
in acetone was applied topically 30 min before the irritant
treatment.  Control mice received the vehicle alone.
Ear edema, expressed in terms of increase in ear thick-
ness, was measured with a thickness gauge 5 h after TPA
treatment, Under these experimental conditions applica-
tion of TPA resulted in a maximum swelling 5 h after the
treatment .

In vivo antitumor test  Groups of BALB/c
ntice were inoculated subcutaneously in the left groin on d
0. Each test component was injected im on the days in-
dicated in Tab 2. Control mice inoculated with tumor
cells were given im the same amount of the vehicle at the
same time. Tumors developed within a few days after
inoculation. Mortality was recorded each day. Twenty
days after tumor inoculation, all the tumors were re-
moved, and the mmor weight was determined and the in-
hibition rate (%) was calculated.

Mouse skin two-stage carcinogenesis The
backs of female ICR mice at 7 weeks of age were shaved
with electric clippers 2 d before the start of the experi-
ment, Initiation was carried cut with a single topical ap-
plication of 100 pg of DMBA in acetone (100 uL) on the
shaved area. Promotion of 1 ug of TPA in acetone (100
L) twice a week by topical painting was started in 1st
week after initiation. Tubeimoside [l was applied topi-
cally (0.5 mg per painting applied simultaneously with
TPA ) or given po (dissolved in drinking water at a con-
centration of 0.1 g/L) ad libingm throughout the promot-
ing stage.

Evaluation of toxicity ICR mice {n = 20)
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were used for acute toxicity testing ( intraperitoneal
routz). Mortality was recorded each day during 1 week.
The data were calculated according to the Bliss’ method.

RESULTS

Anti-inflammatory activity of tubeimosides
As shown in Tab 1, tubeimosides 1, II, and [ greatly
inhibited TPA-induced ear edema in a dose-dependent
manner, bat anti-inflammatory activity of tubeimosides
H. and M was much stronger than thar of mbeimoside
1, and anti-inflammatory activity of tubeimoside [II
{0.037 pmol per ear) was stronger than that of tubeimo-
side [ (P<0.,01). T is noteworthy that no difference
of anti-inflammatory activity between tubeimosides [
and [l was observed at the dose of 0.0075, 0.075, and
0.11 pmol per ear.

Antitumor activity of tubeimosides As
shown in Tab 2, tubeimosides I, [I, and [ greatdy
inhibited the growth of transplantable mouse S,y in a
dose-dependent manner, but anti-tumor activity of
wbeimosides [1 and [l was stronger than that of
tubeimoside I . Furthermore, antitumor activity of
tubeimoside [[[ was stronger than that of wbeimoside I at
the dose of 12 mg*kg='"d~! for 2 and 3 d.

Antitumor-promoting activity of tubeimo-
sides Fig 1 illustrates the time course of skin tumor
formation in the groups of mice treated with DMBA and
TPA, with or without topical application of tubeimoside
I {1,0 mg per painting), [ (0.5 mg per painting),

Tab 1. Inhibition of tubeimosides | , T, and ¥ applied
topically on TPA-induced mouse ear edema. n=6. &+ s.
Average ear thickness of untreated mice was 0.19 mm.
Tubeimosides or vehicles alone without irritants caused no
change in ear thickness. "P < 0.05, °P < 0.01 vs control;
P50.05, P < 0. 05, 'P<0.01 vs tubeimoside 1 ;
2> 0.05, P <0.G65 vs tubeimoside [ .

102 x Increase
Conditions in ear thickness/  Inhibition/ %
mm
Control
(TPA 2 pg per ear) 10.6£0.8
+ wheimoside [ /pemol per ear
0.0075 7.8+0,5° 2.4
0.087 6.8+0.5° 35.8
0.075 5.6x0.6° 47.2
0.11 1.80£0.2¥F 83.0
+ tubeimoside I /pamol per ear
0. 0075 6.8+0.5% 37.7
0.037 4.6+0.4F 56.6
0.075 1.6£0.3 84.9
0.11 0.00+0,23 1000
+ tubeimoside [l /jxmol per ear
0.0075 6.0+0, 4% 41.5
0.037 1.8£0.48 8.0
0.075 1.6+ 0.5 8.9
0.11 0.60 £0.29° 92.5

or [l (0.5 mg per painting), applied simultaneously
with TPA. Tn the group treated with DMBA and TPA,
the first tumor appeared in 6th week; at the end of the
experiment (the 18th week) the percentage of tumor-

Tab 2. Anti-tumor activity of tubeimosides [, 1, and I on transplantable mouse Sy in BALB/c mice. 1 = 10 mice.
¥+s. Inhibition rate = (1- A/E) x 100 %, where A is the average weight of tumors in the test group, and B is the av-
mgeweightﬁhmrshdmem@lgm@mdmmﬁmldeddnougtwﬂtﬂnapemmlcm.

Average body

Treatment 4 D°S°/ e weight/g m“‘t’/' Inhibition/ % P

xmg-kg™ " d Before After weight/g

Control 18.0+1.0 19.6+1.7 2.7£0.8
5 Fluorouracil 3x12 18.6+0.8 193 2.0+0.6 27.2 <0.05
Tubeimoside ] 1x12 18.5¢0.6  20.0x1.9 2.1x0.6 23.3 <{.05
Tubeimeside 1 2x12 18.5£0.6 19.3+1.8 1.85£0.17 31.3 <0.05
Tubeimoside ] 3x12 18.7£1.3  18.1%1.7 1.3£1.3 52.9 <0.01
Tubeimoside 1 ixi2 18.4+0.4 20.2£1.4 1.5+0.4 43.3 <0.01
Tubeimoside [I 2x12 18.5£0.6 19.2+1.6 1.35£0.29 49.8 <0.0L
Tubeimoside 11 3x12 18.5+0.7  18.0x1.5 1.07£0.17 0.1 <0.01
Tubeimoside [ 1x12 18.5x1.0 19.8+£2.2 1.71£0.26 36.0 <0.05
Tubeimoside Il 2x 12 18.620.6  17.3x1.7 0.9+0.3 65.6 <0.01
Tubeimoside 1l 3x12 18.4+0.7 17.3z1.6 0.73£0.17 72.8 <0.01
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Fig 1. Effect of topically applied tubeimosides on the TPA-induced skin twmor formation in DMBA-initiated mice.
Initiation was accomplished by a single topical application of DMBA (100 pg). For tumor induction, TPA (1 pg per
peinting) was applied twice a week from 1st week after the initiation. Tubeimwside | 1 mg per painting (A),
tubeimoside 1| 0.5 mg per painting (B), tubeimoside Il 0.5 mg per painting (C), or its vehicle was applied topically

simultanecusly with TPA.

The incidence and mmber of tumors were examnined weekly. @—@, DMBA plus TPA;

O—C, DMBA plus TPA and tubeimoside T, I or X {n=15)}.

bearing mice was 80.0 %, and the average number of
wmors was 10.3 per mouse. In contrast, no Wmors ap-
peared in the group treated with DMBA and TPA plus
tubeimoside T or [, meaning that application of
tubeimoside T (1.0 mg per painting) or [l (0.5 mg per
painting) completely inhibited the formation of ramors up
to the 18th week, and only one tumor appeared in the
group treated with DMBA and TPA plus tubeimoside [T ,
showing that application of wbeimoside I (0.5 mg per
painting} almost compietely inhibited the formation of tu-
mors up to the 18th week. Furthermore, we observed
that tubeimoside | or [l -treated mice had a smooth
skin, while those treated with DMBA and TPA or with

DMBA and TPA plus iubeimoside [ had multiple in-
flammatory foci. Body-weight measurement during the
experiment showed that tbeimoside 1 or I did not
canse any growth reardation, but rather improved the
growing rate of weight which was suppressed by the ap-
plication of tumor promoter (data not shown). Howev-
er, tubeimoside [ cansed growth retardation to some
measure (data not shown).

Fig 2 shows the time-course of skin tumor formation
in the groups with or without oral administration of
tubeimoside 1 (0.2 g/L), 1 (0.1 g/L), or Ml (0.1
g/L.), dissolved in drinking water, ad libitum , through-
out the promotion stage. In a preliminary experiment, it

(oL ST
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Fig 2. Effect of orally administered tubeimosides on the TPA-induced promotion of skin tumor formation in DMBA-
initiated mice. Tubeimoside 1 0.2 g/L (A}, tubeimoside T 0.1 g/L (B}, and tubeimoside K 0.1 g/L (C) was ad-
ministered po (dissolved in drinking water, ad libitm, throughout the stage of tumor promotion}. ®—@, DMBA
plus TPA, O—O, DMBA plus TPA and tubeimoside 1, I, or K {n=15}.

was seen that tubeimosides | and [I had no acute toxic
effects, under these experimental conditions. In the 18th
week, the average number of tumors per mouse in the
control group was 15.5, while in the group treated with
tubeimoside 1 or I, it was 10.0, in the group treated
with tubeimoside T, it was 17.0 (P >0.05). The
percentage of tumor-bearing mice was the same m the
control and tubeimoside [ or [l -treated groups
(93.3 % ), except in tubeimoside IIl-treated group
(100.0 %) (Fig2).

Acute toxicity of tubeimosides The acute

LDy, values of tubeimosides I, I, and [I in ICR mice
are (18.7+2.8), (21£3), (15+5) mg/kg, respec-
tively.

DISCUSSION

We have demonstrated previously that tubeimoside
{ has potent anti-inflammatory, anti-tumor, and anti-tu-
morigenic activities®* . The experimental results pre-
sented here indicate that the anti-inflammatory, anti-tu-
mor, and anti-tumeorigenic activities of tubeimoside [ are
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stronger than those of tubeimoside T , and the acute toxi-
city of tubeimoside ]I is lower than that of tubeimoside
1. Ttis evident that C-16 hydroxyl group of tubeimo-
side I plays an important role in enhancing biological
activity of tubeimoside [l and in decreasing its toxicity,
because that is the only difference in the chemical struc-
ture between tubeimoside [ and tubeimoside Il (Fig
1).

We have also demonstrated that the anti-inflammato-
ry and anti-tomorigenic activities of tubeimoside [l are
much stronger than those of tubeimoside [ %), The ex-
perimental results presented here indicate that the anti-in-
flammatory and anti-tumor activities of tubeimoside Il
are stronger than those of tubeimoside 1, and the acute
toxicity of tubeimoside [l is also stronger than that of
tubeimoside [ to some degree. The unexpected finding
is the non-activity of tubeimoside [l as an inhibitor of tu-
mor promotion if administered orally. It is evident that
the difference in chemical structure at B and/or C posi-
tion between tubeimosides [l and [I plays an important
role in enhancing biological activity and toxicity of
tubeimoside [l .

The above-mentioned experimental resulls suggest
that tubeimoside Il may be be the most promising agent
for cancer chemoprevention and chemotherapy among
tubeimosides 1, [, and 1.
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