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Bioassay guided fractionation of Boenninghausenia sessilicarpa (Rutaceae) resulted in the isolation of a
new dimeric coumarin glucoside 90-methoxyl rutarensin (1) and a cytotoxic compound rutamarin (4), as
well as an antivirus component leptodactylone (8), together with six known coumarins. Their structures
were elucidated by 1D- and 2D NMR spectroscopy and ESI-MS analyses, respectively. Rutamarin (4)
showed significant inhibitory activities against A-549, Bel-7402, HepG-2 and HCT-8 tumour cell lines
with IC50s of 1.318, 2.082, 2.306 and 2.497mg/ml. In addition, leptodactylone (8) showed potent
protective activity on cells infected by SARS-CoV with ratio of 60% at 100mg/ml.

Keywords: Boenninghausenia sessilicarpa; Rutamarin; Leptodactylone; 90-Methoxyl rutarensin;
Anti-tumour activity

1. Introduction

Boenninghausenia sessilicarpa (Rutaceae), a slender and perennial plant, has long been

known as a coumarin-rich Chinese herbal medicine distributed in the temperate hilly regions

at an altitude of 1500–2500 m in southwestern China, which is traditionally used for the

treatment of fever, fester and tonsillitis [1]. The 95% ethanol extract of B. sessilicarpa was

subjected to MTT cytotoxic assay, exhibiting obvious anti-tumour activity. In order to search

the bioactive components of this herb, investigation of B. sessilicarpa with a bioassay-guided

method led to the isolation of nine coumarins. Their structures were identified as 90-methoxyl

rutarensin (1), rutarensin (2) [2,3], chalepensin (3) [4], rutamarin (4) [5], 5,7-

dimethoxycoumarin (5) [6], xanthotoxin (6) [7], isopimpinellin (7) [8], leptodactylone (8)

[9,10] and 5,7,8-trimethoxycoumarin (9) [4], on the basis of spectral analyses (figure 1).

Among them 4 is the main cytotoxic component of the extract, and 90-methoxyl rutarensin (1)

is a new dimeric coumarin glucoside. Moreover, leptodactylone (8) was found to have a

strong protective effect on virus-infected cells and anti-SARS-CoV activity, and rutamarin

(4) had a weak protective effect.
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2. Results and discussion

Ethanol extracts of Boenninghausenia sessilicarpa were separated into five fractions. As

shown in table 1, fraction I exhibited significant anti-tumour activity against Bel-7402 and

A-549 tumour cell lines by MTT assay in comparison with other fractions. This fraction was

then subjected to silica gel column chromatography to give five fractions. Among them,

fraction I-2 showed remarkable cytotoxic activity on the above tumour cell lines. With a

bioassay-guided method, fraction I-2 was further purified by repeated chromatography on
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Figure 1. Structures of compounds 1, 2, 4 and 8.

Table 1. Cytotoxicities of the fractions from B. sessilicarpa on tumour cell lines.

Cell line

Sample Dose (mg/ml) Bel-7402 (%) A-549 (%)

Fraction I 50 74.73 69.73
Fraction I-1 5 15 9
Fraction I-2 5 71 66
Fraction I-3 5 25 17
Fraction I-4 5 28 20
Fraction I-5 5 21 18
Fraction II 50 6.13 3.96
Fraction III 50 15.50 20.86
Fraction IV 50 NA NA
Fraction V 50 NA NA

NA, not active.
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silica gel and reversed-phase preparative HPLC to furnish seven compounds, 3–9.

Anti-tumour activity examination of these compounds indicated that 4 showed significant

inhibitory effect against several tumour cell lines (table 2), while another six components

were found to be almost inactive (IC50 . 5mg/ml). The results implicated rutamarin 4 was

the major cytotoxic constituent of B. sessilicarpa. Moreover, fraction III was found to have

moderate cytotoxic activity. Further investigation of this fraction resulted in the isolation of

an unknown dimeric coumarin glucoside 90-methoxyl rutarensin 1. Its bioactive test is still

ongoing. In addition, when the antiviral activities of all coumarin derivatives from B.

sessilicarpa were evaluated, leptodactylone 8 was found to show potent antiviral activity and

rutamarin 4 exhibited weak activity (table 3).

90-Methoxyl rutarensin 1 was obtained as a yellowish amorphous powder. The ESI-MS of

1 showed a pseudomolecular ion peak [M þ Na]þ at m/z 695.0, indicating a molecular

formula of C32H32O16, which was confirmed by the HRFAB-MS. The IR spectrum of 1

indicated the presence of hydroxyl groups (3410 cm21) and a lactone carbonyl (1732 cm21).

The UV spectrum showed absorption maxima at 236.2 and 308.0 nm, suggesting the

presence of coumarin skeleton. The 1H NMR spectrum for 1 in the downfield region showed

one pair of doublets at d 6.28 and 7.87 (J ¼ 9.5 Hz) attributed to the C-13 and C-14 protons

of the coumarin nucleus, and an ABX system at d 7.58 (1H, d, J ¼ 8.5 Hz), 7.04 (1H, dd,

J ¼ 8.5, 2.0 Hz), and 7.02 (1H, d, J ¼ 2.0 Hz) confirmed the presence of the benzopyran

moiety. Three single aromatic proton signals were shown, one at d 7.72 assigned to the C-4

proton, the second and third at d 7.17, 7.25 assigned to the C-5 and C-8 protons, respectively.

The doublet at d 5.03 (1H, J ¼ 7.0 Hz) was assigned to the C-10 proton of the sugar, which

should be the b anomer. Remaining protons in the sugar moiety resonated at d 3.20–

4.50 ppm. The signals including an AB quartet at d 2.59, three singlets at d 2.71, 3.50, 1.26 in

the 1H NMR spectrum combined with the corresponding carbon signals at d 45.8, 46.2, 51.9,

28.0, 74.6, 172.4, 173.2 in the 13C NMR spectrum indicated the presence of the 3-methoxy-

3-methyl pentadioic acid monoester. The 13C NMR and DEPT spectra of 1 displayed 26

carbon atoms except for the glucose moiety, among which 16 sp2 carbon atoms, 4 carbonyl

carbons, 4 sp3 carbons and 2 methoxyl carbons were detected. Combining the 1H NMR and
13C NMR data, a bicoumarin glycoside with 3-methoxy-3-methyl pentatioic acid chain was

proposed as the structure for 1. The imperceptible difference between 1 and 2 on spectral data

indicated that the structure of 1 was similar to that of 2 (see table 4), except for a methoxyl

group in 1 in place of a hydroxyl group in 2. In the HMBC experiment (figure 2), the

correlations between d 3.51 (–OCH3) and d 74.6 (C-90) enabled us to assign the methoxyl

group to C-90 positions unambiguously. The significant long-range correlations between H-10

Table 2. Cytotoxicities of 4 against tumour cell lines.

IC50 (mg/ml) IC50 (mg/ml)

Tumour cell line 4 Taxol Tumour cell line 4 Taxol

A-549 1.318 0.0166 KB .10 0.0046
Bel-7402 2.082 0.0871 BGC-803 .10 ,0.001
HepG-2 2.306 0.0047 BGC-823 .10 0.0063
HCT-8 2.497 0.0316 KB/VCR .10 0.141
A-2780 3.889 0.0054 PC-3M .10 0.0070
MCF-7 4.500 0.0009 CaEs-17 4.620 ,0.001
CNE-2Z 4.543 0.0037

Bioactive coumarins from B. sessilicarpa 61

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
2
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



Table 3. Antiviral activities of 8 and 4.

Compounds Concentration (mg/ml) CPEa Effect of cell protection (EC) %b Cell toxicity (CC) %c

8 100 þþ 60 41
20 þþþþ 4 28
4 þþþþ 0 247

4 100 þþþþ 10.0 20
20 þþþ 27.2 17
4 þþþþ 10.1 13

a CPE (incytopathic effect): “ 2 ” means the modality of attached cells were intact, without evident deviation, but the cell amounts
were not compared; “ þ ” means the degree of pathological changes of cells: þ ,,25%; þþ , 25–50%; þþþ , 50–75%; þþþþ ,
.75%.
b Protective rates against infected-cells: the protective effects of compounds against virus infection were calculated by comparing the
OD values of the virus-transfected group, mock-transduced group and compound-treated group. The compounds with protective rate
. EC20 were considered to have some protective effects on virus-infected cells and have anti-SARS-CoV activity.
c Sample toxicity: a compound would not be evaluated with CPE protective rates if its cytotoxicity was more than 50%.

Table 4. 13C NMR and 1H NMR spectral data of 1 and 2a.

1 2

Position dC dH dC dH

2 159.1 157.5
3 139.1 137.1
4 130.9 7.72 s 130.6 7.72 s
5 110.3 7.25 s 110.1 7.25 s
6 148.4 146.9
7 150.6 149.3
8 105.3 7.17 s 103.6 7.27 s
9 148.0 147.3
10 114.3 112.9
12 162.7 160.9
13 115.1 6.28 d (9.6) 114.6 6.37 d (9.6)
14 145.3 7.88 d (9.6) 144.7 8.03 d (9.6)
15 131.3 7.58 d (8.5) 130.5 7.71 d (8.7)
16 115.0 7.04 dd (9.0, 2.0) 114.3 7.11 dd (8.7, 2.7)
17 161.4 160.0
18 105.5 7.02 d (2.0) 105.0 7.22 d (2.7)
19 156.7 155.6
20 116.3 115.2
21 57.1 3.86 s 56.6 3.84 s
10 101.7 5.03 d (7.0) 99.3 5.13 d (7.8)
20 71.7 3.33–3.72 m 73.5 3.15–3.75 m
30 77.7 76.9
40 70.8 70.2
50 75.6 74.3
60 64.6 H-6a0 4.45 dd (11.5, 2.0) 63.7 H-6a0 4.27 d (11.7)

H-6b0 4.17 dd (11.5, 6.5) H-6b0 4.06 dd (11.7, 6.6)
70 172.4 171.4
80 46.2 2.71 s (2H) 45.7 2.55 db (2H)
90 74.6 69.5
100 45.8 2.59 d (15.5) (2H) 45.5 2.45 db (2H)
110 173.2 173.1
120 28.0 1.26 s 28.1 1.19 s
130 51.9 3.51 s – –

a 1 was measured in CD3OD at 500MHz for 1H NMR and 125MHz for 13C NMR. 2 was measured in DMSO at 300MHz for 1H
NMR and 75MHz for 13C NMR.
b Coupling constants were difficult to determine due to interference of the solvent peak.
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and C-7 confirmed the location of the sugar moiety. From the above evidence, compound 1

was identified as 90-methoxyl rutarensin.

Chalepensin 3 was previously isolated from B. albiflora var. japonica, and its partial 1H

NMR data have been reported [4]. We now report its complete spectral assignments in this

paper.

3. Experimental

3.1 Determination of cell viability by MTT assay

3.1.1 Cell culture. The A-549, Bel-7402, HepG-2, HCT-8 and KB cells were maintained in

RPMI-1640 supplemented with 10% foetal bovine serum. The cell cultures were incubated at

378C in humidified atmosphere with 5% CO2.

3.1.2 Method. Cells were plated in the appropriate media on 96-well plates in 100ml total

volume at a density of 1 £ 104 cells/well. Triplicate wells were treated with media and CAT.

The plates were incubated at 378C in 5% CO2 for 72 h. Cell viability was determined based

on mitochondrial conversion of 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium

bromide (MTT, Sigma) to formazan. The amount of MTT converted to formazan is a sign

of the number of viable cells. Each well was supplemented with 50ml of a 2mg/ml solution

of MTT in complete media. The plates were incubated at 378C in 5% CO2 for another 4 h.

The medium was carefully removed from each well and 150ml of DMSO was added. The

plates were gently agitated until the colour reaction was uniform and the OD570 was

determined using a microplate reader. Microsoft Excel software was used for data analysis.

Media-only treated cells served as the indicator of 100% cell viability [11].

3.2 Antiviral activity experiments

3.2.1 Sample preparation. The compounds were dissolved in DMSO and diluted to

appropriate concentrations (100, 20 and 4mg/ml) in RPMI-1640.
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Figure 2. Important HMBC correlations of 1.
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3.2.2 Method. Vero-E6 cells infected by SARS-CoV were plated in 96-well plates and

incubated with different concentrations of compounds in humidified 5% CO2 atmosphere at

378C. For each test compound five groups were set up, namely, the virus-transfected group,

the mock-transfected group, and three different concentrations of compounds-treated groups.

The cell-protective effects (CPE) were detected by fluorescence microscope daily. The OD

values were detected by neutral red staining as indicators for the anti-ASRS-CoV effects.

3.3 General experimental procedures

Melting points were determined with a Germany-68992 apparatus and are uncorrected.

Optical rotations were measured on a PE-241 digital polarimeter. EI-MS and HRFAB-MS

were obtained on a QB-200 mass spectrometer. ESI-MS measurements were carried out at an

Agilent 1100 series LC/MSD Trap SL mass spectrometer. IR spectra were recorded on a IR-

47 spectrometer. NMR spectra were recorded on a Varian Mercury-400 and Inova-500

spectrometer using TMS as internal standard, and chemical shifts were given on the d-scale.

Assignments were confirmed by COSY, HMBC and HMQC experiments. Silica gel (100–

200 mesh) for chromatography and silica gel H for TLC were obtained from Qingdao Marine

Chemical Factory, Qingdao, Shandong Province, China. Preparative HPLC was performed

on a Shimadzu liquid chromatograph LC-9A instrument with UV–Vis spectrophotometric

detector (SPD-6AV) at 254 nm using an ODS column (Unicorn ODS, 5mm, 300 £ 10 mm).

3.4 Plant material

Boenninghausenia sessilicarpa was collected from Dali, Yunnan Province, China, in

October 2001, and identified by Professor Guangming Liu at Dali Medicinal College. The

authenticated sample of the plant is deposited in the Herbarium of the Institute of Materia

Medica, Chinese Academy of Medical Sciences, Beijing, China (No. 0031).

3.5 Extraction and isolation

The air-dried whole plant of B. Sessilicarpa (8.4 kg) was powdered and extracted three times

with 95% ethanol (3 £ 40 L, each 2 h) under reflux. Evaporation of the solvent in vacuo

provided ethanolic extracts (1.4 kg), which were absorbed to silica gel (60–100 mesh, 2 kg)

and eluted with petroleum ether/acetone (95:5), petroleum ether/acetone (50:50), acetone,

acetone/methanol (50:50) and methanol to provide fractions I (50 g), II (46 g), III (180 g), IV

(90 g) and V (40 g), respectively. Fraction I was subjected to silica gel (100–200 mesh, 3 kg)

column chromatography using a petroleum ether/acetone (9:1, 3:2, 1:5) gradient to furnish

five fractions [fraction I-1 (5 g), fraction I-2 (8 g), fraction I-3 (10 g), fraction I-4 (12 g),

fraction I-5 (12 g)]. Fraction I-2 was further separated by silica gel [100–200 mesh, 900 g,

petroleum ether/ethyl acetate (4:1, 1:1, 1:9)] to give four fractions [fraction I-2-1 (1.3 g),

fraction I-2-2 (4.3 g), fraction I-2-3 (0.7 g), fraction I-2-4 (1.5 g)]. Compound 3 (800mg) was

obtained from fraction I-2-1 by silica gel (100–200 mesh, 260 g) column chromatography

eluting with petroleum ether/ethyl acetate (3:1). Fraction I-2-2 was further purified on silica

gel (100–200 mesh, 800 g) column chromatography using petroleum ether/acetone (5:1) as

eluent to afford compounds 4 (1.5 g) and 5 (460mg). Fraction I-2-3 was applied to reversed-

phase preparative HPLC [MeOH/H2O (75:25), flow rate 3.0ml/min] to afford compounds 6

Q.-Y. Yang et al.64

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
2
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



(10mg, tR 30.17 min) and 7 (5mg, tR 41.85 min). Fraction I-2-4 was subjected to silica gel

(100–200 mesh, 150 g) column chromatography using 5% MeOH in chloroform as eluent,

followed by reversed-phase preparative HPLC [MeOH/H2O (50:50), flow rate 3.0 ml/min] to

give compounds 8 (15mg, tR 15.23 min) and 9 (68mg, 26.46min). Fraction III (150 g) was

firstly divided into three fractions [fraction III-1 (75 g), fraction III-2 (50 g) and fraction III-3

(23 g)] through silica gel (60–100 mesh, 2 kg) column chromatography eluting with a

CHCl3/CH3OH/H2O (90:10:1, 80:20:2, 50:50:2) gradient. Fraction III-1 was then subjected

to a silica gel column chromatography (100–200 mesh, 1 kg) eluting with 20% MeOH in

chloroform, followed by LH-20 column chromatography using CHCl3/CH3OH (80:20) as

eluent to afford 1 (30mg) and 2 (6 g).

3.5.1 90-Methoxyl rutarensin (1). Slightly yellow amorphous powder; mp .2758C; ½a�25D
20.69 (c 0.017, DMSO); UV (MeOH): lmax (log 1) ¼ 236 (4.16), 308 (3.98); IR (KBr):

nmax ¼ 3410, 1732, 1614, 1506, 1421, 1381, 1276, 1124, 1074 cm21; HRESI-MS:

m/z ¼ 672.1696 (calcd for C32H32O16, 672.1690); 1H NMR and 13C NMR spectral data: see

table 4.

3.5.2 Chalepensin (3). Colourless crystals; FAB-MS:m/z (rel. int.) ¼ 255 ([M þ H]þ, 100),

254 (20), 239 (10), 231 (14), 199 (21); 1H NMR (300 MHz, CD3OD) d (ppm): 1.53 (6H, s,

CH3-14, 15), 5.13 (2H, m, H-13a, 13b), 6.23 (1H, dd, J ¼ 10.2, 16.5 Hz, H-12), 6.80 (1H, d,

J ¼ 2.1 Hz, H-10), 7.42 (1H, s, H-8), 7.64 (1H, s, H-4), 7.66 (1H, s, H-5), 7.67 (1H, d,

J ¼ 2.4 Hz, H-20); 13C NMR (75 MHz, CD3OD) d (ppm): 159.8 (C-2), 115.9 (C-3), 119.5

(C-4), 138.3 (C-5), 133.1 (C-6), 151.3 (C-7), 98.9 (C-8), 155.8 (C-9), 124.5 (C-10), 40.5

(C-11), 145.4 (C-12), 112.3 (C-13), 26.1 (14-CH3), 26.1 (15-CH3), 106.3 (C-10), 146.5

(C-20). Its IR and UV data are the same as in the literature [4].
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