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Abstract: Descaudatine A (1), an undescribed phenolic glycoside, along with a known
analogue (2) and ten flavonoids (3-12), were isolated from the whole plant of Desmodium

caudatum. Compounds 1 and 4 exhibited potent antioxidant activities with the IC50 of 58.59
μM and 31.31 μM, respectively, which were approached to that of the positive control
Vitamin C (IC50 = 46.32 μM). Meanwhile, 12 showed moderate antioxidant activity with the
IC50 of 173.9 μM. Besides, compounds 3 and 6 inhibited the proliferation of HeLa cells with
IC50 values of 56.14 μM and 69.04 μM, respectively. Further studies indicated that 3 and 6
could dose-dependently induce PARP cleavage and might trigger caspase-3, 8, 9 activation to
induce apoptosis. RXRα is an ideal anticancer target of nuclear receptor. The reporter gene
assay of RXRα indicated that 3 and 6 could inhibited the 9-cis-RA induced RXRα
transcription in a concentration-dependent manner.
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1. Experimental

General experimental procedures.
Optical rotations were measured with a Rudolph Autopol IV/IV-T automatic
polarimeter (NJ, USA). UV spectra were obtained on a Shimadzu UV-2600
UV−visible spectrophotometer (Shimadzu, Japan). IR spectra were recorded on a
Bruker ALPHA FT-IR spectrometer (Bruker, Germany) with KBr pellets. NMR
spectra were acquired on Bruker Avance 600Ⅲ spectrometers (Bruker, Germany) with
tetramethylsilane as the internal standard, using methanol-d4 or dimethyl sulfoxide-d6
as solvents. HRESIMS experiments were conducted on a Thermo Scientific Q
Exactive Quadrupole-Orbitrap mass spectrometer (Thermo, USA). Column
chromatography separations were performed on polyamide (100-200 mesh,
Sinopharma chemical reagent co. LTD) and silica gel (200−300 mesh, Qingdao
Marine Chemical Inc., Qingdao, People’s Republic of China), Sephadex LH-20
(Amersham Pharmacia Biotech, Sweden), and ODS (YMC, Japan). Analytical HPLC
separations were performed with a Shimadzu LC-20AT pump system (Shimadzu,
Japan) with a DAD, and semipreparative separations were performed with a
Shimadzu LC-8A pump system (Shimadzu, Japan) with a DAD. Fractions were
monitored by TLC (Qingdao Marine Chemical Inc., Qingdao, People’s Republic of
China) and visualized under a UV lamp at 254 nm and 365 nm, then detected by
spraying 5% H2SO4 in ethanol.

Chemicals and reagents.
FITC- Annexin V and Propidium Iodide were purchased from Boehringer Mannheim
(GRE). 9-cis-RA, DMSO, antibody and MTT were obtained from Sigma-Aldrich (St.
Louis, MO, USA). Lipidosome were purchased from Invitrogen (USA). Giemsa was
obtained from Guangzhou Inwei Chongjin Biotech Co., Ltd. Polyformaldehyde was
purchased from Xiamen Science Exhibition Glass Co., Ltd.

Plant material.
The whole plant of D. caudatum (18 kg) were collected in Xiamen city, Fujian
province of China, in February 2012. The plant materials were identified by engineer
Xiuhong Zou (forestry bureau of Yongchun county) according to Flora Reipublicae
Popularis Sinicae. A voucher specimen (DC-20120220) was deposited in the
laboratory of school of pharmaceutical sciences, Xiamen University.

Extraction and isolation.
The dried whole plant of D. caudatum (18 kg) were refluxed three times in 60%
C2H5OH for 2 hours each time. The solvent was concentrated to afford 5 kg crude
extract, which was subjected to chromatography on a macroporous adsorption resin
(D101) column eluted with H2O, 20% ethanol, 60% ethanol, and 95% ethanol to
obtain four fractions (A-D). The fraction C (225 g) was subjected to silica gel
chromatography and eluted with CHCl3-CH3OH (99:1 to 0:100) to give 19 fractions
(C1-C19). Fraction C8 (4.34 g) was fractionated over a silica gel chromatography
using cyclohexane-acetone as the mobile phase to yield 9 subfractions (C8.1−C8.9).
Fraction C8.7 was separated by semi-preparative HPLC (CH3CN−H2O, 30:70) to
obtained 4 (6.3 mg). Fraction C8.8 was purified by recrystallization to obtain
compound 5. Fraction C10 was separated over silica gel chromatography and eluted
with CH3OH−H2O to afford 4 fractions (C10.1−C10.4). Fraction C10.4 was
recrystallized for three times to obtain compound 3 (268.7 mg). Fraction C15 was
separated over ODS chromatography and eluted with CH3OH−H2O to afford 6
fractions (C15.1−C15.6). Fraction C15.5 was separated by polyamide resin column
chromatography eluted with a gradient of CH3OH-H2O to yield three fractions
(C15.5.1-C15.5.3). Fraction C15.5.3 (1.0 g) was recrystallized to obtain compound 9
(559.2 mg). Fraction C15.6 was separated on a Sephadex LH-20 column again using
CH3OH-H2O (50:50) as the mobile phase to yield 6 subfractions (C15.6.1- C15.6.6).
Fraction C15.6.1 (230.0 g) was successively separated by an ODS column
CH3OH-H2O to yield seven fractions (C15.6.1.1-C15.6.1.7). Fraction C15.6.1.3 (60.3

mg) was separated by semi-preparative HPLC (CH3CN−H2O, 9:91) to obtain
compounds 1 (5.9 mg) and 2 (7.0 mg). Fractions C15.6.3 (39.0 mg), C15.6.4 (208.2
mg) and C15.6.5 (180.0 mg) were separated by semi-preparative HPLC
(CH3CN−H2O, 15:85) to obtain compounds 8 (8.3 mg), 10 (111.4 mg), 11 (8.8 mg)
and 12 (49.6 mg). Fraction C16 was separated over ODS column and eluted with
CH3OH−H2O to afford 6 fractions (C16.1−C16.6). Fraction C16.3 (14.8 g) was
separated

by

an

ODS

column

(CH3OH-H2O)

to

yield

seven

fractions

(C16.3.1-C16.3.7). Fraction C16.3.7 (3.24 g) was recrystallized to obtain compound 7
(180.5 mg). Then the fraction was purified by prep-HPLC eluted with CH3CN-H2O
(28:72) to afford 6 (24.1 mg).

Cell culture.
The human cervical cancer cells (HeLa) and the human renal epithelial cells (293T)
were cultured in Dulbecco’s modified Eagle’s medium (DMEM) with 10% FBS, 100
U/mL penicillin and 100 µg/mL streptomycin, and incubated at 37 °C in a humidified
atmosphere containing 5% CO2.

The cytotoxic activity assay.
To detect the cell cytotoxic, HeLa cells were seeded in 96-well plates at a density of
104 cells/well and incubated overnight, then treated with gradient concentrations of
1-12

for

24

h.

After

removing

the

media

and

adding

MTT

(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide), cells were further
incubated for 4 h at 37 °C. The formazan crystals were then dissolved by DMSO, and
cell viabilities were determined by measuring the absorbance at 490 nm using
microplate reader. Cell viability assay was carried out independently for three times.
The results were compared to those of untreated control cells, whose OD value was
set at 100% viability.

Giesma staining assay.
HeLa cells were seeded in 6-well plates at a density of 103 cells/well and incubated
for 4-5 days. When cells form clusters, they were treated with 3 and 6 (25-100 μM)
for 24 h. Then the culture-based liquid was absorbed and washed one time with PBS,
then fixed with 4% polyformaldehyde (PFA) for 15 min. After that, discarded 4%
PFA and washed 3 times with PBS. Finally, Giemsa was added and dyed for 10 min.

Western blot analysis.
HeLa cells were treated with different concentrations of compounds 3 and 6 (10 μM,
25 μM, and 50 μM) for 24 h. After each incubation concentration, the cells were lysed
in RIPA buffer containing a 1% (v/v) protease inhibitor cocktail (MCE, USA), and
proteins were quantified using the DC protein assay kit (BioRad, Hercules, CA, USA).
Equal amounts of protein lysates were separated using SDS-PAGE and transferred
onto polyvinylidene difluoride membrane (GE Healthcare, Madrid, Spain). The
membranes were blocked with 5% nonfat milk dissolved in TBST (50 mM Tris-HCl,
pH 7.4, 150 mM NaCl, and 0.1% Tween 20) for 1 h and then incubated with primary
antibodies for PARP (1:1000) and β-actin (1:1000) at 4 °C overnight. After washing
three times with TBST, membranes were incubated with appropriate secondary
antibodies for 1 h at room temperature. The signal was visualized using the
Amersham ECL kit (GE Healthcare, Madrid, Spain), Hyperfilm ECL (GE Healthcare,
Madrid, Spain), and Kodak GBX developer and fixer twin pack (Sigma, USA).

Caspase activation activity.
Caspase-3, -8, and -9 activities were measured using a Caspase-Glo assay kit
(Promega) according to the manufacturer’s protocol. HeLa cells were seeded in a
96-well culture dish and treated with compounds 3 (50 μM) and 6 (50 μM).
Caspase-Glo 3, 8, 9 reagents (100 μL) were added to the negative control cells and
treated cells in each well 24 h later. After 1 h incubation, the luminescence of each
sample was measured in a plate-reading luminometer as directed by the luminometer

manufacturer.
RXRα transcriptional activities.
The human renal epithelial cells (293T) were seeded at a density of 1×104 cells per
well in 96-well plates. Two plasmids pGL5 luciferase reporter vector (30 ng/mL) and
pGAL4-RXRα-LBD vector (15 ng/mL) were transfected using Liposome 2000 for 12
h, the cells were incubated with 9-cis and the compounds (25-100 μM) for another 12
h. The cells were rinsed with phosphate-buffered saline and lysed by passive lysis
buffer on an oscillating platform for 15 min. Then, the dual-luciferase assay system
kit (Promega) was used to measure the activities of firefly luciferase (FL) and renilla
luciferase (RL). Relative luciferase activity (%) = FL/RL × 100%.

DPPH• radical cation decolorization assay.
The DPPH• assay was used to measure the free radical scavenging activities of the
isolated compounds. DPPH• alcoholic solution (203 μM) (90 μL) was pipetted into
each well of a 96-well plate followed by 10 µL of sample dissolved in DMSO.
Vitamin C (VC) was used for positive control and DMSO was for the blank. The
mixture was incubated at 30 °C for 1 h, and the absorbance at 517 nm was measured
with a microplate reader. The inhibition percentage of the radical scavenging activity
was calculated using the equation. Scavenging ratio (%) = (1-(Ae-A0)/(AD-AD0) )×
100%.
Where Ae is the relative luminescent intensity of the sample (dissolved in 10 µL
DMSO) and DPPH• (90 µL), A0 is the relative luminescent intensity of the sample and
DMSO, AD is the relative luminescent intensity of the DMSO (10 µL) and DPPH• (90
µL), AD0 is the relative luminescent intensity of the DMSO (10 µL) and alcoholic (90
µL). All assays were conducted in triplicate. The IC50 was calculated by GraphPad
Prism.

2. Tables.
Table S1. NMR Spectroscopic Data for four configurations of apigenin
Compounds

δH

δC

α-D-red- apigenin

5.01 (J = 4.9 Hz)

104.0

β-D-red- apigenin

4.99 (J = 3.7 Hz)

110.2

β-L-su- apigenin

5.20 (J = 4.3 Hz)

105.4

α-L-su- apigenin

4.97 (J = 1.2 Hz)

111.2

Compound 1

5.01 (J = 2.4 Hz)

111.1

Table S2. DPPH• assay of compounds 1, 4 and 12

Compound

IC50( μM )

VC

46.32 ± 1.03

1

58.59 ± 0.03

4

31.31 ± 0.64

12

173.9 ± 0.35

3. Figures of results.

Figure S1. Key HMBC (blue curved arrows) and 1H−1H COSY (bold red lines)
correlations of compound 1.

Figure S2. Four configurations of Apigenin.

Figure S3. Giesma Staining of HeLa Cells with compounds 3 and 6. (The gradient
concentrations of each compound were 25, 50, 100 μM in order, and the cells were
treated for 24 hours respectively.

Figure S4. Effects of compounds 3, 6 on PARP expression in HeLa cells. HeLa cells
were treated with compounds 3, 6 with final concentrations of 10 μM, 25 μM, and 50
μM, respectively. The level of PARP cleavage in HeLa cells treated with the
compounds was detected by western blotting. The expression of β-actin was used as
an internal reference.

6
3
Figure S5. Effects of compounds 3 and 6 on Caspase-3, -8, -9 activity in HeLa cells.
HeLa cells were treated with compound 3 or 6 for 24 h, and the final treatment
concentrations were 0, 50 μM. Cell lysates were used to measure the activities of
caspase-3, -8, and -9, respectively. The fold-increase in the figure is obtained by
comparing the compound-treated group with the solvent-treated group.

Figure S6. Effects of compounds 3, 6 on RXRα transcriptional activity. 293T cells
were treated with compounds 3, 6 (25, 50, 100 μM) in combination with 9-cis-RA (25
nM) for 12 h. The dual luciferase reporter gene detection system was used to detect
the RXRα transcriptional activity.

Figure S7. Structure activity relationship of compounds 1, 2, 3, 4, 11 and 12.

4. Spectral information of Descaudatine A (1)
Figure S8. UV spectrum of Descaudatine A (1) in CH3OH.
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Figure S9. IR (KBr disc) spectrum of Descaudatine A (1).
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Figure S10. HR-ESI-MS spectrum of Descaudatine A (1) in CH3OH.
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Figre S11. Experimental ECD spectra of Descaudatine A (1) in CH3OH.
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Figure S12. 1H NMR spectrum (AV-400, 150 MHz) of Descaudatine A (1) in
methanol-d4.

Figure S13. 13C NMR spectrum (AV-400, 600 MHz) of Descaudatine A (1) in
methanol-d4.
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Figure S14. HSQC spectrum (AV-400) of Descaudatine A (1) in methanol-d4.

Figure S15. 1H-1H COSY spectrum (AV-400) of Descaudatine A (1) in methanol-d4.
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Figure S16. HMBC spectrum (AV-400) of Descaudatine A (1) in methanol-d4.

Figure S17. The selective NOESY spectrum of Descaudatine A (1) in methanol-d4.

3. Reversed-phase HPLC after acid hydrolysis of Descaudatine A (1).
Figure S18. Reversed-phase HPLC after acid hydrolysis of Descaudatine A (1).

