
Sinocrassula indica (Crassulaceae) is a biennial plant dis-
tributed on the mountain areas in China (e.g., Yunnan,
Guangxi, Sichuan, Guizhou, and Hunan provinces). The
whole plant of S. indica has been used for the treatment of
hepatitis and otitis media in Chinese traditional medicine.2)

This plant also has been used as a vegetable and a herbal tea
in Chinese local areas such as Guangxi province. However,
chemical constituents from this herbal medicine were left un-
characterized. During the course of our studies on bioactive
constituents from Chinese natural medicines,1,3—18) we found
that the methanolic extract of the whole plant of S. indica in-
hibited the increase in serum glucose levels in both sucrose-
and glucose-loaded rats. From the methanolic extract, four
new acylated flavonol glycosides, sinocrassosides A1 (1), A2

(2), B1 (3), and B2 (4), were isolated together with 11
flavonoids (5—15) and 2 megastigmanes (16, 17). This paper
deals with antidiabetic activities of the methanolic extract
from S. indica as well as the isolation of the constituents
from this extract including the structure elucidation of 1—4.

Hypoglycemic Effects of the Methanolic Extract from
S. indica The dried whole plant of S. indica was extracted
with methanol to give a methanolic extract (7.7% from the
dried plant). As shown in Tables 1 and 2, the methanolic ex-
tract significantly inhibited the increase in serum glucose lev-
els after oral administration of sucrose and glucose in rats at
doses of 250 and 500 mg/kg (p.o.). However, the extract did
not show significant effect on increase of these levels after
intraperitoneal administration of glucose. These findings sug-
gested that the absorption of glucose in the intestinal tract
was suppressed by the extract.

The delay of sugar absorption after ingesting a meal has
recently been found to be effective for type 2-diabetic pa-
tients, and the speed of gastric emptying is important in the
regulation of glucose homeostasis.19) The effect of the above
extract on gastric emptying (GE) after administration of 10%
glucose in rats was examined. As shown in Table 3, the in-
hibitory effect of the extract was observed, but it was weaker

than the effects of lowering of blood glucose levels. These
findings indicated that the extract inhibited not only gastric
emptying but also glucose absorption via Na�/glucose co-
transporter,20) although more detailed examination is needed.

The effect of the extract on serum glucose levels in KK-Ay

mice, a genetically type II diabetic mice, was also examined.
The extract (250 and 500 mg/kg/d, p.o.) significantly inhib-
ited these levels and tended to reduce TG levels, but not
serum T-Cho or FFA levels, after administration for 2 weeks
under non-fasted conditions (Table 4).

On the other hand, serum glucose levels were lowered to
normal (from ca. 530 to ca. 150 mg/dl) after the fasting,
which was also reported previously,21) and the extract did not
affect blood glucose levels, body weight, weights of visceral
fats (epididymal, mesenteric, and paranephric fats) and liver,
TG, T-Cho, and FFA and L-TG or L-T-Cho levels in the
fasted mice (Tables 5, 6). These results of experiments using
diabetic mice as well as the results of experiments using rats
described above suggested that inhibition or delay of sugar
absorption is involved in the hypoglycemic effect of the ex-
tract, at least in part. The mechanism of action of the extract,
however, requires further study.

Next, the methanolic extract was partitioned into an
EtOAc–H2O (1 : 1, v/v) mixture to furnish an EtOAc-soluble
fraction (2.5%) and an aqueous phase. The aqueous phase
was further extracted with n-BuOH to give an n-BuOH-solu-
ble fraction (1.7%) and an H2O-soluble fraction (3.4%). As
shown in Table 7, the EtOAc- and n-BuOH-soluble fractions
inhibited the increase in serum glucose levels in sucrose-
loaded rats at a dose of 500 mg/kg (p.o.).

Isolation of Sinocrassosides (1—4) and Known Con-
stituents To elucidate the constituents from the active frac-
tions, the EtOAc- and n-BuOH-soluble fractions of the
methanolic extract were subjected to normal- and reversed-
phase column chromatographies, and finally to HPLC to give
1 (0.0013%), 2 (0.0012%), 3 (0.0009%), and 4 (0.0002%) 
together with 11 flavonoids, kaempferol22) (5, 0.0026%),
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quercetin22) (6, 0.0046%), luteolin22) (7, 0.0020%), kaempferol
3-O-b-D-glucopyranoside22) (8, 0.0046%), quercetin 3-O-b-
D-glucopyranoside22) (9, 0.0019%), kaempferol 7-O-a-L-
rhamnopyranoside23,24) (10, 0.0070%), kaempferol 3-O-b-D-
glucopyranosyl-7-O-a-L-rhamnopyranoside22) (11, 0.021%),
quercetin 3-O-b -D-glucopyranosyl-7-O-a -L-rhamnopyra-
noside25) (12, 0.0051%), multifloein B26,27) (13, 0.0052%),
multinoside A27,28) (14, 0.0023%), and kaempferol 3-O-b-D-
glucopyranosyl-(1→4)-a -L-rhamnopyranosyl-7-O-a -
L-rhamnopyranoside29) (15, 0.0008%), two megastigmanes,
trans-(3S,5R,6R,9S)-megastigman-7-ene-3,5,6,9-tetraol 3-O-b-
D-glucopyranoside30) (16, 0.0008%) and trans-(3S,5R,6R,9S)-
megastigman-7-ene-3,5,6,9-tetraol 9-O-b-D-glucopyranoside30)

(17, 0.0018%), L-phenylalanine31) (0.0004%), and guano-
sine31) (0.0012%).

Absolute Stereostructures of Sinocrassosides A1 (1), A2
(2), B1 (3), and B2 (4) Sinocrassoside A1 (1) was obtained
as a yellow powder with negative optical rotation ([a]D

26

�26.3° in MeOH). The IR spectrum of 1 showed absorption
bands at 1719, 1655, and 1597 cm�1 ascribable to ester car-
bonyl and g-pyrone functions and broad bands at 3430 and
1026 cm�1, suggestive of a glycoside structure. In the posi-
tive- and negative-ion FAB-MS of 1, quasimolecular ion
peaks were observed at m/z 503 (M�H)�, m/z 525 (M�
Na)�, and m/z 501 (M�H)�, and high-resolution FAB-MS
analysis revealed the molecular formula of 1 to be C25H26O11.
The 1H- (DMSO-d6, Table 8) and 13C-NMR (Table 9) spectra
of 1, which were assigned by various NMR experiments,32)

showed signals assignable to two methyls [d 1.16, 1.16 (each
3H, both d, J�7.0 Hz, 3�, 4�-H3)], a methane [d 2.63 (1H, qq,
J�7.0 Hz, 2�-H)], meta-coupled and ortho-coupled A2B2-type
aromatic protons [d 6.45, 6.86 (1H each, both d, J�1.9 Hz,
6, 8-H), 6.94, 8.10 (2H each, both d, J�8.9 Hz, 3�,5�, 2�,6�-
H)], together with a rhamnopyranosyl moiety [d 1.17 (3H, d,
J�5.5 Hz, 6�-H3), 5.59 (1H, br s, 1�-H)]. On alkaline hydrol-
ysis of 1 with 10% aqueous potassium hydroxide (KOH)–
50% aqueous 1,4-dioxane (1 : 1, v/v), kaempferol 7-O-a-L-
rhamnopyranoside23,24) (10) was obtained together with
isobutyric acid, which was identified by HPLC analysis of its
p-nitrobenzyl derivative.1,3,5—7,10—13,15,17,18) Comparison of the
13C-NMR data for 1 with those for 1033) revealed an acyla-
tion shift around the 3�-position of the rhamnopyranosyl
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Table 1. Inhibitory Effects of the MeOH Extract from S. indica on Serum Glucose Levels in Sucrose-Loaded (p.o.) Ratsa)

Dose
Serum glucose (mg/dl)

Treatment n
(mg/kg, p.o.)

0.5 h 1.0 h 2.0 h

Normal — 5 56.2�2.0** 73.1�3.5** 68.8�4.5**
Control — 5 166.3�3.7 149.1�7.2 121.3�8.2
MeOH ext. 125 5 146.8�12.2 147.3�13.0 123.7�5.8

250 5 134.3�2.6* 140.5�13.4 115.7�16.2
500 5 121.9�3.0* 132.0�4.4 117.1�2.7

Normal — 6 81.4�2.8** 80.8�2.2** 84.7�2.4**
Control — 7 169.6�6.7 138.6�3.7 118.5�3.0
Tolbutamide36) 12.5 6 152.6�2.8* 130.5�4.0 114.9�3.8

25 6 138.1�3.5** 106.3�3.5** 99.5�2.1**

a) Each value represents the mean�S.E.M. Significantly different from the control: ∗ p�0.05, ∗∗ p�0.01.

Table 2. Inhibitory Effects of the MeOH Extract from S. indica on Serum Glucose Levels in Glucose-Loaded (p.o. or i.p.) Ratsa)

Dose
Serum glucose (mg/dl)

Treatment n
(mg/kg, p.o.)

0.5 h 1.0 h 2.0 h

Glucose-loaded (0.5 g/kg, p.o.)
Normal — 6 80.0�3.3** 85.9�5.4** 86.4�2.6
Control — 8 142.7�4.4 121.8�6.0 97.3�3.8
MeOH ext. 125 6 141.2�2.2 122.7�3.1 101.9�4.6

250 6 125.3�5.5* 135.1�5.6 107.2�3.7
500 6 94.2�3.7** 107.2�6.3 113.8�4.9

Glucose-loaded (0.5 g/kg, i.p.)
Normal — 6 76.2�3.9** 80.2�2.6** 75.0�2.1**
Control — 7 122.8�6.0 113.1�4.0 102.6�3.8
MeOH ext. 125 6 129.6�4.6 126.6�3.3 103.5�3.0

250 6 131.2�3.5 126.0�5.6 99.4�1.7
500 6 123.1�9.8 112.2�7.6 99.5�5.7

a) Each value represents the mean�S.E.M. Significantly different from the control: ∗ p�0.05, ∗∗ p�0.01.

Table 3. Inhibitory Effect of the MeOH Extract from S. indica on Gastric
Emptying (GE) in Ratsa)

Treatment
Dose

n GE (%)
Inhibition

(mg/kg, p.o.) (%)

Control — 7 61.8�1.6 —
MeOH ext. 125 6 49.3�2.6** 20.2

250 6 44.0�1.1** 28.8
500 6 46.2�2.8** 25.2

a) Each value represents the mean�S.E.M. Significantly different from the control:
∗∗ p�0.01.



moiety [10: dC 69.7 (2�-C), 69.9 (3�-C), 71.6 (4�-C); 1: dC

67.2 (2�-C), 73.2 (3�-C), 68.6 (4�-C)]. Furthermore, in the
heteronuclear multiple-bond correlations (HMBC) experi-
ment of 1, long-range correlations were observed between
the following protons and carbons (1�-H and 7-C, 3�-H, 2�-H

and 1�-C). Consequently, the position of isobutyryl ester
moiety in 1 was determined to be the 3�-position and the
structure of sinocrassoside A1 was elucidated as kaempferol
7-O-a-L-(3�-isobutyryl)-rhamnopyranoside (1).

Sinocrassoside A2 (2) was obtained as a yellow powder
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Table 4. Effects of the MeOH Extract from S. indica on Serum Glucose, Triglyceride (TG), Total Cholesterol (T-Cho), and Free Fatty Acids (FFA) Levels
after Administration for 2 Weeks in KK-Ay Micea)

Serum Glucose

Dose
Serum glucose (mg/dl)

Treatment n
(mg/kg/d, p.o.)

0 week 1 week 2 weeks

Control — 11 379.2�28.4 459.3�28.1 527.5�23.8
MeOH ext. 250 10 351.4�24.9 374.1�37.0 404.5�46.1*

500 10 359.6�25.0 382.2�33.8 374.7�32.2**
Troglitazone 100 10 367.9�23.9 329.5�26.4* 405.3�29.0*

Serum TG

Dose
Serum TG (mg/dl)

Treatment n
(mg/kg/d, p.o.)

1 week 2 weeks

Control — 11 339.3�14.2 524.8�21.4
MeOH ext. 250 10 347.1�22.7 451.1�39.2

500 10 294.2�27.4 451.4�41.2
Troglitazone 100 10 287.5�19.0 429.5�50.3

Serum T-Cho

Dose
Serum T-Cho (mg/dl)

Treatment n
(mg/kg/d, p.o.)

1 week 2 weeks

Control — 11 142.1�6.0 165.0�7.5
MeOH ext. 250 10 155.5�7.6 172.5�10.0

500 10 140.0�5.9 158.2�5.9
Troglitazone 100 10 155.5�7.2 166.5�8.3

Serum FFA

Dose
Serum FFA (mEq/l)

Treatment n
(mg/kg/d, p.o.)

1 week 2 weeks

Control — 11 3.0�0.6 2.9�0.7
MeOH ext. 250 10 3.2�0.8 2.8�0.6

500 10 3.4�0.9 3.2�0.8
Troglitazone 100 10 2.3�0.6 2.7�0.7

a) Each value represents the mean�S.E.M. before fasting of mice. Significantly different from the control: ∗ p�0.05, ∗∗ p�0.01.

Table 5. Effects of the MeOH Extract from S. indica on Body Weight (BW), Visceral Fat, and Serum Glucose, Triglyceride (TG), Total Cholesterol (T-
Cho), and Free Fatty Acids (FFA) Levels after Administration for 2 Weeks in KK-Ay Micea)

Weight of visceral fat (mg) Serum parameter

Treatment
Dose

n
(mg/kg/d, p.o.)

BW (g)
Epididymal Mesenteric Paranephric Glucose TG T-Cho FFA 

fat fat fat (mg/dl) (mg/dl) (mg/dl) (mEq/l)

Control — 11 29.7�0.4 1056�46 754�50 434�49 154.3�7.0 172.5�21.7 135.6�4.2 0.9�0.1
MeOH ext. 250 10 29.5�1.0 1022�82 776�51 382�56 140.1�18.3 140.2�23.1 138.1�8.3 0.9�0.0

500 10 29.6�0.7 920�50 662�43 336�62 117.4�5.5 178.6�15.6 133.9�6.9 1.0�0.1
Troglitazone 100 10 30.0�0.8 1106�80 740�75 528�27 155.4�13.1 170.7�8.6 136.9�13.3 0.6�0.1

a) Each value represents the mean�S.E.M. after fasting of mice.
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Table 6. Effects of the MeOH Extract from S. indica on Liver Weight (LW), Liver Triglyceride (L-TG), and Total Cholesterol (L-T-Cho) Levels after Ad-
ministration for 2 Weeks in KK-Ay Micea)

Treatment
Dose

n
LW L-TG L-T-Cho

(mg/kg/d, p.o.) (mg) (mg/g, wet tissue) (mg/g, wet tissue)

Control — 11 1402�62 15.0�4.1 4.6�0.4
MeOH ext. 250 10 1316�57 12.6�1.4 4.3�0.4

500 10 1302�57 12.6�1.1 3.8�0.2
Troglitazone 100 10 1762�99 15.0�2.9 3.7�0.2

a) Each value represents the mean�S.E.M. after fasting of mice.

Table 7. Inhibitory Effects of EtOAc, BuOH, and H2O-Soluble Fractions of the MeOH Extract from S. indica on Serum Glucose Levels in Sucrose-Loaded
(p.o.) Ratsa)

Dose
Serum glucose (mg/dl)

Treatment n
(mg/kg, p.o.)

0.5 h 1.0 h 2.0 h

Normal — 6 91.7�2.6** 95.1�3.1** 95.4�1.9**
Control — 5 179.0�3.2 158.6�4.3 129.3�2.8
EtOAc-soluble fraction 500 5 112.8�6.8** 125.8�8.1* 122.9�10.5
BuOH-soluble fraction 500 5 113.9�5.7** 128.9�5.5* 134.7�6.3
H2O-soluble fraction 500 5 177.2�4.2 175.4�8.0 152.6�3.9

a) Each value represents the mean�S.E.M. Significantly different from the control: ∗ p�0.05, ∗∗ p�0.01.

Chart 1

Chart 2



with negative optical rotation ([a]D
27 �78.8° in MeOH). The

positive- and negative-ion FAB-MS of 2 showed quasimolec-
ular ion peaks at m/z 539 (M�Na)� and m/z 515 (M�H)�.
High-resolution FAB-MS revealed the molecular formula of
2 to be C26H28O11, and the IR spectrum showed absorption
bands at 3410, 1720, 1655, 1597, and 1026 cm�1, ascribable
to hydroxyl, ester carbonyl, g-pyrone, and ether functions.
Alkaline hydrolysis of 2 with 10% KOH–50% aqueous 1,4-
dioxane (1 : 1, v/v) furnished 1023,24) together with (S)-2-
methylbutyric acid, which was identified by HPLC analysis
using an optical rotation detector.34) The proton and carbon
signals in the 1H- (DMSO-d6, Table 8) and 13C-NMR (Table
9) spectra32) of 2 were found to be similar to those of 1, ex-
cept for the signals due to an acyl group: [d 0.90 (3H, dd,
J�7.4, 7.4 Hz, 4�-H3), 1.12 (3H, d, J�7.0 Hz, 5�-H3), 1.47,
1.64 (1H each, both qdd, J�7.4, 7.0, 14.7 Hz, 3�-H2), 2.43
(1H, qdd, J�7.0, 7.0, 7.0 Hz, 2�-H)]. The position of the acyl
moiety in 2 was clarified by the HMBC experiments, in
which long-range correlation was observed between the 3�-
proton [d 4.96 (1H, dd, J�3.4, 9.5 Hz)] and the 1�-carbon
(dC 175.5). Consequently, the structure of sinocrassoside A2

was elucidated to be kaempferol 7-O-a-L-[3�-(S)-2-methyl-
butyryl]-rhamnopyranoside (2).

Sinocrassosides B1 (3) and B2 (4) were obtained as a yel-
low powder with negative optical rotations (3: [a]D

26 �21.8°;
4: [a]D

25 �51.1°, both in MeOH). The molecular formulas of
3 (C25H26O12) and 4 (C26H28O12) were determined from the
positive- and negative-ion FAB-MS and by high-resolution
FAB-MS. Alkaline hydrolysis of 3 and 4 with 10%
KOH–50% aqueous 1,4-dioxane (1 : 1, v/v) gave quercetin 
7-O-a-L-rhamnopyranoside (3a)35) together with an organic
acid, isobutyric acid from 3 and (S)-2-methylbutyric acid
from 4, which was identified by HPLC analysis, respec-
tively.1,3,5—7,10—13,15,17,18,34) The 1H- (DMSO-d6, Table 8) and
13C-NMR (Table 9) spectra32) of 3 and 4 indicated the pres-
ence of the following functions: a flavonol part [3: d 6.46,
6.84 (1H each, both d, J�1.9 Hz, 6, 8-H), 6.94 (1H, d,

J�8.6 Hz, 5�-H), 7.63 (1H, dd, J�1.9, 8.6 Hz, 6�-H), 7.71
(1H, d, J�1.9 Hz, 2�-H); 4: 6.43, 6.81 (1H each, both d,
J�2.1 Hz, 6, 8-H), 6.90 (1H, d, J�8.6 Hz, 5�-H), 7.59 (1H,
dd, J�2.1, 8.6 Hz, 6�-H), 7.73 (1H, d, J�2.1 Hz, 2�-H)] and
an a-L-rhamnopyranosyl moiety [3: d 1.19 (3H, d, J�6.2 Hz,
6�-H3), 5.60 (1H, br s, 1�-H); 4: 1.17 (3H, d, J�6.1 Hz, 6�-
H3), 5.57 (1H, d, J�1.7 Hz, 1�-H)] together with an acyl
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Table 8. 1H-NMR Data (500 MHz) for Sinocrassosides A1 (1), A2 (2), B1 (3), and B2 (4) in DMSO-d6

1 2 3 4
Position

dH (J, Hz) dH (J, Hz) dH (J, Hz) dH (J, Hz)

6 6.45 (d, 1.9) 6.44 (d, 2.2) 6.46 (d, 1.9) 6.43 (d, 2.1)
8 6.86 (d, 1.9) 6.86 (d, 2.2) 6.84 (d, 1.9) 6.81 (d, 2.1)
2� 8.10 (d, 8.9) 8.10 (d, 8.9) 7.71 (d, 1.9) 7.73 (d, 2.1)
3� 6.94 (d, 8.9) 6.94 (d, 8.9)
5� 6.94 (d, 8.9) 6.94 (d, 8.9) 6.94 (d, 8.6) 6.90 (d, 8.6)
6� 8.10 (d, 8.9) 8.10 (d, 8.9) 7.63 (dd, 1.9, 8.6) 7.59 (dd, 2.1, 8.6)
5-OH 12.50 (br s) 12.49 (br s) 12.48 (br s) 12.46 (br s)
7-O-Rha
1� 5.59 (br s) 5.59 (br s) 5.60 (br s) 5.57 (d, 1.7)
2� 4.04 (br s) 4.03 (br s) 4.07 (br s) 4.04 (br s)
3� 4.94 (dd, 3.4, 9.2) 4.96 (dd, 3.4, 9.5) 4.94 (dd, 3.4, 9.2) 4.96 (dd, 3.1, 9.2)
4� 3.56 (dd, 9.2, 9.5) 3.55 (dd, 9.2, 9.5) 3.59 (dd, 9.2, 9.5) 3.56 (dd, 9.2, 9.5)
5� 3.58 (qd, 5.5, 9.5) 3.58 (qd, 5.8, 9.2) 3.60 (qd, 6.2, 9.5) 3.59 (qd, 6.1, 9.5)
6� 1.17 (d, 5.5) 1.17 (d, 5.8) 1.19 (d, 6.2) 1.17 (d, 6.1)
Acyl
2� 2.63 (qq, 7.0, 7.0) 2.43 (qdd, 7.0, 7.0, 7.0) 2.63 (qq, 7.0, 7.0) 2.43 (qdd, 7.0, 7.0, 7.0)
3� 1.16 (d, 7.0) 1.47 (qdd, 7.4, 7.0, 14.7) 1.16 (d, 7.0) 1.47 (qdd, 7.3, 7.0, 14.7)

1.64 (qdd, 7.4, 7.0, 14.7) 1.16 (d, 7.0) 1.65 (qdd, 7.3, 7.0, 14.7)
4� 1.16 (d, 7.0) 0.90 (dd, 7.4, 7.4) 0.90 (dd, 7.3, 7.3)
5� 1.12 (d, 7.0) 1.12 (d, 7.0)

Table 9. 13C-NMR Data (125 MHz) for Sinocrassosides A1 (1), A2 (2), B1

(3), and B2 (4) in DMSO-d6

Position
1 2 3 4

dC (mult.) dC (mult.) dC (mult.) dC (mult.)

2 147.5 (s) 147.5 (s) 147.8 (s) 147.9 (s)
3 136.0 (s) 136.0 (s) 136.0 (s) 136.1 (s)
4 176.0 (s) 176.0 (s) 176.5 (s) 175.9 (s)
5 160.4 (s) 160.4 (s) 160.3 (s) 160.4 (s)
6 98.7 (d) 98.7 (d) 98.8 (d) 98.8 (d)
7 161.0 (s) 161.0 (s) 161.0 (s) 161.1 (s)
8 94.4 (d) 94.4 (d) 94.4 (d) 94.3 (d)
9 155.6 (s) 155.6 (s) 155.6 (s) 155.7 (s)

10 104.8 (s) 104.8 (s) 104.7 (s) 104.8 (s)
1� 121.4 (s) 121.4 (s) 121.7 (s) 121.8 (s)
2� 129.6 (d) 129.6 (d) 115.0 (d) 115.2 (d)
3� 115.4 (d) 115.4 (d) 145.0 (s) 145.0 (s)
4� 159.3 (s) 159.3 (s) 147.5 (s) 147.6 (s)
5� 115.4 (d) 115.4 (d) 115.6 (d) 115.6 (d)
6� 129.6 (d) 129.6 (d) 120.3 (d) 120.1 (d)

7-O-Rha
1� 98.1 (d) 98.1 (d) 98.0 (d) 98.3 (d)
2� 67.2 (d) 67.2 (d) 67.2 (d) 67.3 (d)
3� 73.2 (d) 73.1 (d) 73.1 (d) 73.1 (d)
4� 68.6 (d) 68.6 (d) 68.7 (d) 68.7 (d)
5� 70.0 (d) 70.1 (d) 70.0 (d) 70.1 (d)
6� 17.7 (q) 17.7 (q) 17.7 (q) 17.7 (q)

Acyl
1� 176.0 (s) 175.5 (s) 175.9 (s) 175.5 (s)
2� 33.3 (d) 40.2 (d) 33.3 (d) 40.2 (d)
3� 18.7 (q) 26.2 (t) 18.7 (q) 26.2 (t)
4� 18.8 (q) 11.2 (q) 18.8 (q) 11.2 (q)
5� 16.2 (q) 16.2 (q)



group {3: isobutyryl moiety [d 1.16 (3H each, both d,
J�7.0 Hz, 3�, 4�-H3), 2.63 (1H, qq, J�7.0, 7.0 Hz, 2�-H)],
4: (S )-2-methylbutyryl moiety [d 0.90 (3H, dd, J�7.3,
7.3 Hz, 4�-H3), 1.12 (3H, d, J�7.0 Hz, 5�-H3), 1.47, 1.65
(1H each, both qdd, J�7.3, 7.0, 14.7 Hz, 3�-H2), 2.43 (1H,
qdd, J�7.0, 7.0, 7.0 Hz, 2�-H)]}. In the HMBC experiment
of 3, long-range correlation was observed between the 3�-
proton [d 4.94 (1H, dd, J�3.4, 9.2 Hz)] and the 1�-carbon
(dC 175.9), while the long-range correlation in the HMBC
experiment of 4 was observed between the 3�-proton [d 4.96
(1H, dd, J�3.1, 9.2 Hz)] and the 1�-carbon (dC 175.5). Thus,
sinocrassosides B1 and B2 were elucidated as quercetin 7-O-
a-L-(3�-isobutyryl)-rhamnopyranoside (3) and quercetin 7-
O-a-L-[3�-(S)-2-methylbutyryl]-rhamnopyranoside (4), re-
spectively.

Experimental
The following instruments were used to obtain physical data: specific ro-

tations, Horiba SEPA-300 digital polarimeter (l�5 cm); CD spectra, JASCO
J-720WI spectrometer; UV spectra, Shimadzu UV-1600 spectrometer; IR
spectra, Shimadzu FTIR-8100 spectrometer; EI-MS and high-resolution MS,
JEOL JMS-GCMATE mass spectrometer; FAB-MS and high-resolution MS,
JEOL JMS-SX 102A mass spectrometer; 1H-NMR spectra, JEOL EX-270
(270 MHz) and JNM-LA500 (500 MHz) spectrometers; 13C-NMR spectra,
JEOL EX-270 (68 MHz) and JNM-LA500 (125 MHz) spectrometers with
tetramethylsilane as an internal standard; and HPLC detector, Shimadzu
RID-6A refractive index and SPD-10Avp UV–VIS detectors. HPLC col-
umn, Cosmosil 5C18-MS-II (Nacalai Tesque Inc., 250	4.6 mm i.d.) and
(250	20 mm i.d.) columns were used for analytical and preparative pur-
poses, respectively.

The following experimental conditions were used for chromatography: or-
dinary-phase silica gel column chromatography, Silica gel BW-200 (Fuji
Silysia Chemical, Ltd., Aichi, Japan, 150—350 mesh); reversed-phase silica
gel column chromatography, Chromatorex ODS DM1020T (Fuji Silysia
Chemical, Ltd., Aichi, Japan, 100—200 mesh); TLC, precoated TLC plates
with Silica gel 60F254 (Merck, 0.25 mm) (ordinary phase) and Silica gel RP-
18 F254S (Merck, 0.25 mm) (reversed phase); reversed-phase HPTLC, pre-
coated TLC plates with Silica gel RP-18 WF254S (Merck, 0.25 mm); and de-
tection was achieved by spraying with 1% Ce(SO4)2–10% aqueous H2SO4

followed by heating.
Plant Material The whole plant of S. indicum cultivated in Guangxi

province in China was purchased via Tochimoto Tenkaido Co., Ltd., Osaka,
Japan. The plant material was identified by one of the authors (T. W.). A
voucher specimen (2004.02. Guangxi-02) of this plant is on file in our labo-
ratory.

Extraction and Isolation The dried whole plant of S. indica (9.9 kg)
was extracted three times with methanol under reflux for 3 h. Evaporation of
the solvent under reduced pressure provided a methanolic extract (764 g,
7.7%), and an aliquot (725 g) was partitioned into an EtOAc–H2O (1 : 1, v/v)
mixture to furnish an EtOAc-soluble fraction (237 g, 2.5%) and an aqueous
phase. The aqueous phase was further extracted with n-BuOH to give an n-
BuOH-soluble fraction (164 g, 1.7%) and an H2O-soluble fraction (323 g,
3.4%).

The EtOAc-soluble fraction (100 g) was subjected to normal-phase silica
gel column chromatography [2.5 kg, CHCl3→CHCl3–MeOH (9 : 1→8 : 2→
7 : 3→6 : 4, v/v)→MeOH] to give eight fractions [Fr. 1 (13.2 g), Fr. 2 (5.8 g),
Fr. 3 (4.2 g), Fr. 4 (48.2 g), Fr. 5 (5.3 g), Fr. 6 (14.2 g), Fr. 7 (4.7 g), and Fr. 8
(4.2 g)]. Fraction 4 (11.85 g) was subjected to reversed-phase silica gel col-
umn chromatography [350 g, H2O→MeOH–H2O (40 : 60→50 : 50→60 :
40→75 : 25→90 : 10, v/v)→MeOH] to afford seven fractions [Fr. 4-1
(1.63 g), Fr. 4-2 (0.36 g), Fr. 4-3 (0.26 g), Fr. 4-4 (0.29 g), Fr. 4-5 (1.13 g), Fr.
4-6 (2.00 g), and Fr. 4-7 (5.90 g)]. Fraction 4-2 (360 mg) was purified by
HPLC [MeOH–H2O (55 : 45, v/v)] to give luteolin22) (7, 20.2 mg, 0.0020%)
and kaempferol22) (5, 25.6 mg, 0.0026%). Fraction 4-3 (260 mg) was purified
by HPLC [MeOH–H2O (70 : 30, v/v)] to give sinocrassosides A1 (1, 12.6 mg,
0.0013%) and A2 (2, 11.6 mg, 0.0012%). Fraction 5 (5.3 g) was subjected 
to reversed-phase silica gel column chromatography [180 g, H2O→
MeOH–H2O (40 : 60→50 : 50→60 : 40→80 : 20→98 : 2, v/v)→MeOH] to af-
ford six fractions [Fr. 5-1 (2.61 g), Fr. 5-2 (0.77 g), Fr. 5-3 (0.24 g), Fr. 5-4
(0.15 g), Fr. 5-5 (0.20 g), and Fr. 5-6 (1.31 g)]. Fraction 5-2 (770 mg) was pu-
rified by HPLC [MeOH–H2O (55 : 45, v/v)] to give sinocrassoside B1 (3,

17.6 mg, 0.0009%) and quercetin22) (6, 96.6 mg, 0.0046%). Fraction 5-3
(240 mg) was purified by HPLC [MeOH–H2O (60 : 40, v/v)] to give
sinocrassoside B2 (4, 7.1 mg, 0.0002%). Fraction 6 (14.2 g) was subjected 
to reversed-phase silica gel column chromatography [500 g, MeOH–H2O
(55 : 45→70 : 30→85 : 15→98 : 2, v/v)→MeOH] to afford five fractions [Fr.
6-1 (9.98 g), Fr. 6-2 (1.35 g), Fr. 6-3 (0.67 g), Fr. 6-4 (1.97 g), and Fr. 6-5
(0.22 g)]. Fraction 6-1 (1180 mg) was purified by HPLC [MeOH–H2O
(52 : 48, v/v)] to give kaempferol 3-O-b-D-glucopyranoside22) (8, 14.0 mg,
0.0046%) and kaempferol 7-O-a-L-rhamnopyranoside23,24) (10, 32.9 mg,
0.0070%). Fraction 7 (4.70 g) was subjected to reversed-phase silica gel col-
umn chromatography [140 g, MeOH–H2O (55 : 45→70 : 30→85 : 15→98 : 2,
v/v)→MeOH] to afford five fractions [Fr. 7-1 (3.44 g), Fr. 7-2 (0.34 g), Fr. 7-
3 (0.27 g), Fr. 7-4 (0.31 g), and Fr. 7-5 (0.31 g)]. Fraction 7-1 (700 mg) was
purified by HPLC [MeOH–H2O (45 : 55, v/v)] to give quercetin 3-O-b-D-
glucopyranoside22) (9, 15.6 mg, 0.0019%), kaempferol 3-O-b-D-glucopyra-
nosyl-7-O-a-L-rhamnopyranoside22) (11, 25.2 mg, 0.0031%), and multiflorin
B26,27) (13, 34.0 mg, 0.0042%).

The n-BuOH-soluble fraction (95.0 g) was subjected to normal-phase 
silica gel column chromatography [2.5 kg, CHCl3–MeOH (9 : 1→8 : 2→
7 : 3→6 : 4→5 : 5, v/v)→MeOH] to give eight fractions [Fr. 1 (7.1 g), Fr. 2
(31.6 g), Fr. 3 (5.3 g), Fr. 4 (17.4 g), Fr. 5 (12.5 g), Fr. 6 (5.1 g), Fr. 7 (11.3 g),
and Fr. 8 (3.9 g)]. Fraction 4 (16.2 g) was subjected to reversed-phase silica
gel column chromatography [490 g, MeOH–H2O (20 : 80→30 : 70→40 :
60→50 : 50→60 : 40, v/v)→MeOH] to afford nine fractions [Fr. 4-1 (4.62 g),
Fr. 4-2 (4.41 g), Fr. 4-3 (1.25 g), Fr. 4-4 (0.66 g), Fr. 4-5 (1.38 g), Fr. 4-6
(0.61 g), Fr. 4-7 (0.90 g), Fr. 4-8 (0.97 g), and Fr. 4-9 (1.10 g)]. Fraction 
4-5 (1380 mg) was subjected to HPLC [MeOH–H2O (45 : 55, v/v)] to 
give 11 (830.0 mg, 0.015%). Fraction 4-6 (610 mg) was purified by HPLC
[MeOH–1% aqueous AcOH (40 : 60, v/v)] to give 11 (74.2 mg, 0.0015%),
quercetin 3-O-b-D-glucopyranosyl-7-O-a-L-rhamnopyranoside25) (12, 22.2
mg, 0.0004%), and 13 (48.4 mg, 0.0010%). Fraction 5 (12.0 g) was sub-
jected to reversed-phase silica gel column chromatography [350 g, MeOH–
H2O (10 : 90→20 : 80→30 : 70→40 : 60, v/v)→MeOH] to afford ten frac-
tions [Fr. 5-1 (3.69 g), Fr. 5-2 (0.40 g), Fr. 5-3 (0.45 g), Fr. 5-4 (0.71g), Fr. 5-
5 (1.98 g), Fr. 5-6 (1.03 g), Fr. 5-7 (0.73 g), Fr. 5-8 (1.31 g), Fr. 5-9 (0.91 g),
and Fr. 5-10 (0.78 g)]. Fraction 5-2 (400 mg) was purified by HPLC
[MeOH–H2O (5 : 95, v/v)] to give L-phenylalanine31) (20.4 mg, 0.0004%)
and guanosine31) (60.8 mg, 0.0007%). Fraction 5-4 (510 mg) was further sep-
arated by HPLC [MeOH–H2O (25 : 75, v/v)] to give trans-(3S,5R,6R,9S)-
megastigman-7-ene-3,5,6,9-tetraol 3-O-b-D-glucopyranoside30) (16, 30.9 mg,
0.0008%) and trans-(3S,5R,6R,9S)-megastigman-7-ene-3,5,6,9-tetraol 9-O-
b-D-glucopyranoside30) (17, 69.0 mg, 0.0018%). Fraction 5-6 (160 mg) was
purified by HPLC [MeOH–H2O (35 : 65, v/v)] to furnish 12 (40.9 mg,
0.0048%). Fraction 5-8 (300 mg) was separated by HPLC [MeOH–H2O
(40 : 60, v/v)] to give 11 (17.9 mg, 0.0015%), 12 (35.3 mg, 0.0030%), multi-
noside A27,28) (14, 27.6 mg, 0.0023%), and kaempferol 3-O-b-D-glucopyra-
nosyl-(1→4)-a-L-rhamnopyranosyl-7-O-a-L-rhamnopyranoside29) (15, 9.6
mg, 0.0008%).

The known compounds were identified by comparison of their physical
data ([a]D, UV, IR, MS, and 1H- and 13C-NMR) with reported values22—30) or
commercial samples.31)

Sinocrassoside A1 (1): A yellow powder, [a]D
26 �26.3° (c�0.60, MeOH).

High-resolution positive-ion FAB-MS: Calcd for C25H26O11Na (M�Na)�

525.1373; Found 525.1377. UV [lmax (log e), MeOH] 266 (4.20), 323
(3.99) nm. IR (KBr, cm�1): 3430, 2962, 1719, 1655, 1597, 1026. 1H-NMR
(500 MHz, DMSO-d6) d : given in Table 8. 13C-NMR (125 MHz, DMSO-d6)
dC: given in Table 9. Positive-ion FAB-MS m/z: 503 (M�H)�, 525
(M�Na)�. Negative-ion FAB-MS m/z: 501 (M�H)�.

Sinocrassoside A2 (2): A yellow powder, [a]D
27 �78.8° (c�0.50, MeOH).

High-resolution positive-ion FAB-MS: Calcd for C26H28O11Na (M�Na)�

539.1529; Found 539.1522. UV [lmax (log e), MeOH] 267 (4.14), 319
(4.10) nm. IR (KBr, cm�1): 3410, 2962, 1720, 1655, 1597, 1026. 1H-NMR
(500 MHz, DMSO-d6) d : given in Table 8. 13C-NMR (125 MHz, DMSO-d6)
dC: given in Table 9. Positive-ion FAB-MS m/z: 539 (M�Na)�. Negative-ion
FAB-MS m/z: 515 (M�H)�.

Sinocrassoside B1 (3): A yellow powder, [a]D
26 �21.8° (c�1.20, MeOH).

High-resolution positive-ion FAB-MS: Calcd for C25H27O12 (M�H)�

519.1503; Found 519.1509, Calcd for C25H26O12Na (M�Na)� 541.1322;
Found 541.1328. UV [lmax (log e), MeOH] 256 (4.18) nm. IR (KBr, cm�1):
3432, 2920, 1726, 1655, 1597, 1026. 1H-NMR (500 MHz, DMSO-d6) d :
given in Table 8. 13C-NMR (125 MHz, DMSO-d6) dC: given in Table 9. Posi-
tive-ion FAB-MS m/z: 519 (M�H)�, 541 (M�Na)�. Negative-ion FAB-MS
m/z: 517 (M�H)�.

Sinocrassoside B2 (4): A yellow powder, [a]D
25 �51.1° (c�0.50, MeOH).
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High-resolution positive-ion FAB-MS: Calcd for C26H28O12Na (M�Na)�

555.1478; Found 555.1483. UV [lmax (log e), MeOH] 256 (4.22) nm. IR
(KBr, cm�1): 3432, 2936, 1719, 1655, 1597, 1059. 1H-NMR (500 MHz,
DMSO-d6) d : given in Table 8. 13C-NMR (125 MHz, DMSO-d6) dC: given
in Table 9. Positive-ion FAB-MS m/z: 533 (M�H)�, 555 (M�Na)�. Nega-
tive-ion FAB-MS m/z: 531 (M�H)�.

Alkaline Hydrolysis of 1—4 A solution of 1—4 (each 5.0 mg) in 10%
aqueous potassium hydroxide (KOH)–50% aqueous 1,4-dioxane (1 : 1, v/v,
1.0 ml) was stirred at 37 °C for 1 h. Removal of the solvent under reduced
pressure gave a reaction mixture. A part of the reaction mixture was dis-
solved in (CH2)2Cl2 (2.0 ml) and the solution was treated with p-nitrobenzyl-
N-N�-diisopropylisourea (10 mg), then the whole was stirred at 80 °C for 1 h.
The reaction solution was subjected to HPLC analysis [column: YMC-Pack
ODS-A, 250	4.6 mm i.d.; mobile phase: CH3OH–H2O (70 : 30, v/v); detec-
tion: UV (254 nm); flow rate: 0.9 ml/min] to identify the p-nitrobenzyl esters
of isobutyric acid (a, tR 11.5 min) from 1 and 3 and 2-methylbutyric acid (b,
tR 17.5 min) from 2 and 4. The rest of the reaction mixture was neutralized
with Dowex HCR W2 (H� form) and the resin was removed by filtration.
Evaporation of the solvent from the filtrate under reduced pressure yielded a
product. A part of the product was subjected to HPLC analysis [column:
YMC-Pack ODS-AQ, 250	4.6 mm i.d.; mobile phase: CH3CN–0.1% aque-
ous H3PO4 (20 : 80, v/v); detection: optical rotation [Shodex OR-2 (Showa
Denko Co., Ltd., Tokyo, Japan)]; flow rate: 1.0 ml/min] to identify (S )-2-
methylbutyric acid [b�, tR 15.4 min (positive)] from 2 and 4. The rest of the
product was subjected to HPLC [MeOH–H2O (50 : 50 v/v)] to give
kaempferol 7-O-a-L-rhamnopyranoside23,24) (10, 2.0 mg from 1, 2.0 mg from
2) and quercetin 7-O-a-L-rhamnopyranoside35) (3a, 2.0 mg from 3, 2.0 mg
from 4).

Bioassay Method. Animals Male Wistar rats (130—170 g) were pur-
chased from Kiwa Laboratory Animal Co., Ltd., Wakayama, Japan. Male
KK-Ay mice (20—25 g) were purchased from CLEA Japan, Inc., Tokyo. The
animals were housed at a constant temperature of 23�2 °C and were fed a
standard laboratory chow (MF, Oriental Yeast Co., Ltd., Tokyo). The rats
were fasted for 24—26 h prior to the beginning of the experiment, but were
allowed free access to tap water in sugar-loaded experiments. All of the ex-
periments were performed with conscious rats and mice unless otherwise
noted. The experimental protocol was approved by the Experimental Animal
Research Committee at Kyoto Pharmaceutical University.

Effects on Increase in Serum Glucose Levels in Surcose- or Glucose-
Loaded Rats Effects of the methanolic extract and EtOAc-, n-BuOH-, and
H2O-soluble fractions from the whole plant of S. indica on increase in serum
glucose levels in sugar-loaded rats were examined according to the method
reported previously.36—38) The test samples were suspended in 5% acacia so-
lution (5 ml/kg), and then given orally to the rats. Thirty minutes thereafter,
a water solution (5 ml/kg) of sucrose (1.0 g/kg) or glucose (0.5 g/kg) was ad-
ministered orally (p.o.) or intraperitoneally (i.p.). Blood (ca. 0.4 ml) was col-
lected from infraorbital venous plexus under ether anesthesia at 0.5, 1.0, and
2.0 h after administration of the sugar, and the serum glucose levels were de-
termined by the glucose-oxidase method (Glucose CII-test Wako, Wako
Pure Chemical Industries, Ltd.). Tolbutamide (Wako Pure Chemical Indus-
tries, Ltd.) was used as a reference compound.

Effect on Gastric Emptying in Rats Gastric emptying was determined
by a modification of the phenol red method.39) A solution of 10% glucose
containing 0.05% phenol red as a marker was given orally (0.75 ml/rat) to
rats. Thirty minutes later, the animals were sacrificed by cervical dislocation
under ether anesthesia. The abdominal cavity was opened, and the gastroe-
sophageal junction and pylous were clamped, then the stomach was re-
moved, weighed and placed in 0.1 M NaOH (50 ml) and homogenized. The
suspension was allowed to settle for 1 h at room temperature and 5 ml of the
supernatant was added to 20% trichloroacetic acid (0.5 ml) and then cen-
trifuged at 3000 rpm for 20 min. The supernatant (2 ml) was mixed with
0.5 M NaOH (2 ml), and the amount of phenol red was determined from the
absorbance at 560 nm (Beckman, DU530). Phenol red recovered from ani-
mals sacrified immediately after the administration of a test meal was used
as a standard (0% emptying). The gastric emptying (%) during the 30 min
period was calculated by the following equation: Gastric emptying
(%)�(1�amount of test sample/amount of standard)	100. The test sample
was given orally by means of a metal orogastric tube 30 min prior to the ad-
ministrating the test meal.

Hypoglycemic Effects of the Methanolic Extract in KK-Ay Mice Ef-
fects of the methanolic extract from the whole plant of S. indica on serum
glucose levels in KK-Ay mice were examined according to the method re-
ported previously with a modification.40—43) Briefly, test sample suspended
in 5% acacia solution and vehicle (5% acacia solution) were given orally to

KK-Ay mice (5 weeks old) once a day (16:00—17:00) for 2 weeks. Blood
glucose (ca. 0.2 ml) was collected from infraorbital venous plexus under
ether anesthesia just before the experiment (0 d) and at the 7th and 14th day
after the administration. Serum triglyceride (TG), serum total cholesterol (T-
Cho), and serum free fatty acid (FFA) levels of non-fasted KK-Ay mice were
determined using commercial kits (Triglyceride E-test Wako, Cholesterol E-
test Wako, and NEFA C-test Wako, Wako Pure Chemical Industries, Ltd.).
After final administration of the test sample, the mice were fasted for 20—
24 h, and then a blood sample (ca. 0.4 ml) was collected and serum glucose,
TG, T-Cho, and FFA were determined. In addition, body weight and weights
of liver and visceral fat (epididymal, mesenteric, and paranephric fats) were
measured. After removal of the liver, 200 mg of liver tissue was cut and ho-
mogenized with 10 ml of a mixture of chloroform and methanol (2 : 1, v/v).
The homogenate was centrifuged (3000 rpm, 10 min), and 50 m l of super-
natant was transferred to a test tube. The solvent was evaporated in a boiling
water bath, and liver TG (L-TG) and liver T-Cho (L-T-Cho) were deter-
mined. Troglitazone was used as a reference compound.

Statistics Values were expressed as means�S.E.M. One-way analysis of
variance (ANOVA) followed by Dunnett’s test was used for statistical analy-
sis.
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