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Abstract

From cytotoxic extracts of the roots of Scrophularia ningpoensisHemsl. (Scrophulariaceae) a new sugar ester, ningposide D (3-O-

acetyl-2-O-p-methoxycinnamoyl-a(b)-L-rhamnopyranose) (1) and a new iridoid glycoside, scrophuloside B4 (6-O-(200-O-acetyl-300-O-

cinnamoyl-400-O-p-methoxycinnamoyl-a-L-rhamnopyranosyl) catalpol) (2) along with known compounds: oleanonic acid (3),

ursolonic acid (4), cinnamic acid (5), 3-hydroxy-4-methoxy benzoic acid (6), 5-(hydroxymethyl)-2-furfural (7) and b-sitosterol (8)
were isolated. The structures of the new compounds were elucidated by spectral data (1, 2D NMR, EI, HRESI-MS and MS/

MS). Oleanonic acid (3) and ursolonic acid (4) were found to be cytotoxic against a series of human cancer cell lines with

IC50 = 4.6, 15.5 lM on MCF7; 4.2, 14.5 lM on K562; 14.8, 44.4 lM on Bowes; 24.9, 43.6 lM on T24S; 61.3, 151.5 lM on

A549, respectively. b-Sitosterol (8) inhibited Bowes cells growth at IC50 = 36.5 lM. Scrophuloside B4 (2) showed activity on

K562 and Bowes cells at IC50 = 44.6, 90.2 lM, respectively.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The Scrophulariaceae family consists of 220 genera in
which the genus Scrophularia is known for the rich pres-

ence of sugar esters and iridoid glycosides (Boros and

Stermitz, 1990; Miyase and Mimatsu, 1999). Scrophu-

laria ningpoensis Hemsl. is commonly known as ‘‘Huyen

sam’’, ‘‘Hac sam’’ and ‘‘Nguyen sam’’ in Vietnam. Its

dried roots are used as antipyretic, febrifuge and anti-

bacterial, as a remedy for evening fever, erythema,

mouth dryness, constipation, prurigo, furunculosis, sore
throat, ulcerous stomatitis, tonsillitis and in the treat-

ment of cancer (WHO and IMM, 1990; Nguyen et al.,
0031-9422/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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2005). In previous studies, 11 sugar esters: ningposides

A, B and C, sibirioside, cistanoside D, angoroside C,

acteoside, decaffeoylacteoside, cistanoside F, 4-O-(p-
methoxycinnamoyl)-a-L-rhamnopyranoside, 2-(3-hydro-

xy-4-methoxyphenyl)ethyl-1-O-[a-L-arabinopyranosyl
(1–6)]-feruloyl (1–4)]-a-L-rhamnopyranosyl (1–3)-b-D-
glucopyranoside and 13 iridoid glycosides: harpagoside,

harpagide, aucubin, 6-O-methylcatalpol, scropoliside A,

ningpogosides A and B, 8-O-(2-hydroxycinnamoyl)

harpagide, 8-O-feruloyl harpagide, 6-O-a-D-galactopyr-
anosyl harpagoside, geniposide, ningpogenin and 6 0-O-
acetyl harpagoside were isolated from the plant roots

(Li et al., 1999, 2000; Kajimoto et al., 1989; Zhang

et al., 1994; Lin et al., 1996; Qian et al., 1992; Zou

and Yang, 2000). However, to our knowledge, these

compounds have not been previously investigated for
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biological activities. In the present study, we report the

isolation, structure determination and cytotoxicity

against a series of human cancer cell lines of a new sugar

ester and a new iridoid glycoside (1–2), and of six known

compounds from the roots of S. ningpoensis.
2. Results and discussion

The CH2Cl2 and EtOAc extracts of S. ningpoensis

powdered roots were fractionated and purified by silica

gel, ODS CC and prep. TLC to yield a new sugar ester

and a new iridoid glycoside that were named ningposide

D (1) and scrophuloside B4 (2), along with six known
compounds: oleanonic acid (3) ½a�25D þ 76:9� (c 0.06,

CHCl3), ursolonic acid (4) ½a�25D þ 82:8� (c 0.34, CHCl3),

cinnamic acid (5), 3-hydroxy-4-methoxy benzoic acid

(6), 5-(hydroxymethyl)-2-furfural (7) and b-sitosterol
(8) ½a�25D � 37� (c 0.5, CHCl3). The structures of the

known compounds (3–8) were identified by 1, 2 D-

NMR, EIMS and by comparison with published data

(Seo et al., 1975; Wright et al., 1978; Budavari et al.,
1996).

Compound 1 was obtained as an oil, ½a�25D þ 42:0� (c
0.2, CHCl3). The molecular formula C18H22O8 was

determined by EI-MS, m/z M+ 366, 1H, 13C, DEPT

90 and DEPT 135-NMR. The 1H NMR spectrum

showed signals of an anomeric proton (dH 5.22, d,

J = 1.8 Hz) and a secondary methyl group (dH 1.40, d,

J = 6.19 Hz), indicating the presence of an a-L-rhamnose
moiety (Agrawal, 1992). From the anomeric proton, we

assigned every proton and carbon of the rhamnosyl

group by detailed analysis of 1H–1H COSY, HMQC

and HMBC spectra. In addition to these signals, the
1H NMR spectrum of 1 exhibited signals of a cinnamoyl

moiety: four aromatic protons (dH 7.49 d and 6.91 d,

ABA 0B 0 system, J = 8.8 Hz, each 2 H) and two trans ole-

finic protons (dH 6.40 d and 7.66 d, AB system,
J = 16.0 Hz). The 1H and 13C NMR data of 1 (Table

1) were similar to those of ningposide C (9) (Li et al.,

2000), except for the signal of the methoxyl group at

dH = 3.85 (3H, s), dC = 55.4. In the HMBC spectrum,

the methoxyl protons gave cross-peak with the C-4-cin-

namoyl at dC = 162.0, indicating a methoxyl substitu-

tion at this position. In the same experiment, the sugar

proton at dH = 5.40 (dd, J = 1.8, 3.3 Hz, H-2) correlated
with the carbonyl carbon at dC = 166.4 of the cinnamoyl

moiety, whereas other sugar proton at dH = 5.25 (dd,

J = 3.3, 9.8 Hz, H-3) gave cross-peak with another car-

bonyl carbon at dC = 171.3, which was further corre-

lated with the methyl protons at dH = 2.08 (3H, s).

Thus, compound 1 was identified as 3-O-acetyl-2-O-p-

methoxycinnamoyl-a-L-rhamnopyranose that we have

named ningposide D. In the 1H NMR spectrum, we also
observed 14 parallel smaller signals, which were assigned

to 3-O-acetyl-2-O-p-methoxycinnamoyl-b-L-rhamnopyr-
anose (the anomeric ration a/b � (3:1)). The base peak

at m/z 161 in the EI mass spectrum corresponds to the

methoxycinnamoyl cation [C10H9O2]
+. The other abun-

dant ion at m/z 133 is due to subsequent loss of CO,

while the abundant ion at m/z 178 is explained by loss

of a rhamnose residue (162 u) from the M+.

O

O

OH

O

HO
H3C

H3C O

O

OR

(1) Ningposide D: R = CH3 

(9) Ningposide C: R = H 

O

O

O

O
O

O

O
O

O

H

H
HO

R1

H3C

O
O

OH

CH2OH

HO

OH

R2

CH3

O

(2) Scrophuloside B4:    R1 = H,           R2 = OCH3

(10) Scrophuloside A4:  R1 = OCH3,    R2 = OCH3 

(11) Scropolioside B:    R1 = H,           R2 = H 

Compound 2 was obtained as a yellowish powder,

½a�25D � 31:8� (c 0.29, CHCl3). The molecular formula

C42H48O18 was determined by positive HRESI-MS,

[M + Na]+ ion (m/z 863.2744; Calc. 863.2738) and nega-

tive HRESI-MS, [M � H]� ion (m/z 839.2747; Calc.

839.2762), 1H-, 13C-, DEPT 90 and DEPT 135-NMR.

The UV spectrum of 2 exhibited absorption bands that
are characteristic of an iridoid enol ether system and cin-

namoyl chromophores (kmax at 216, 222 and 282 nm)

(Calis et al., 1993). The 1H NMR spectrum showed sig-

nals of two anomeric protons (dH 4.82, d, J = 7.8 Hz; dH
5.03, d, J = 1.2 Hz) and the secondary methyl group (dH
1.28, d, J = 6.6 Hz), indicating the presence of two sugar

moieties (a-L-rhamnose and b-D-glucose) (Agrawal,

1992). The spectroscopic data of 2 (Table 1) are quite
similar to those of scrophuloside A4 (10) (Miyase and

Mimatsu, 1999) and scropolioside B (11) (Calis et al.,

1988), except for the signals of the aromatic protons,

which suggested the presence of both a p-methoxycinna-

moyl group and an unsubstituted cinnamoyl group. This

was supported by a HMBC experiment that showed

long range correlation of the methoxyl protons at dH



Table 1
1H and 13C NMR spectroscopic data of ningposide D (1) and scrophuloside B4 (2) in CDCl3 and in MeOD

Assignments Ningposide D (1) in CDCl3 Scrophuloside B4 (2) in CDCl3 and

MeOD

dC (ppm) dH (ppm) J (Hz) dC (ppm) dH (ppm) J (Hz)

Rhamnosyl 1 92.5 5.22 d (1.8) 100 96.6 5.03 d (1.2)

2 70.2 5.40 dd (1.8, 3.3) 200 70.4 5.41 dd (1.2, 3.0)

3 72.1 5.25 dd (3.3, 9.8) 300 69.1 5.53 dd (3.0, 9.6)

4 71.5 3.75 t (9.8) 400 71.7 5.34 t (9.6)

5 68.7 4.05 m 500 67.3 4.10 m

6 17.7 1.40 d (6.1, 3H) 600 17.5 1.28 d (6.6, 3H)

Acetyl 1 171.3 – 1 170.5 –

2 21.0 2.08 s (3H) 2 21.0 2.20 s (3H)

Cinnamoyl 1 134.1 –

2 128.9 7.47 dd (2.5, 8.5)

3 129.0 7.36 dd (8.5, 8.5)

4 130.6 7.35 dd (8.5, 8.5)

5 128.9 7.36 dd (8.5, 8.5)

6 128.3 7.49 dd (8.5, 2.5)

a 117.0 6.33 d (16.0)

b 146.2 7.63 d (16.0)

COO 166.1 –

p-Methoxycinnamoyl 1 128.0 – 1 126.8 –

2 130.1 7.49 d (8.8) 2 130.2 7.46 d (9.0)

3 114.4 6.91 d (8.8) 3 114.4 6.89 d (9.0)

4 162.0 – 4 161.7 –

5 114.4 6.91 d (8.8) 5 114.4 6.89 d (9.0)

6 130.1 7.49 d (8.8) 6 130.2 7.46 d (9.0)

a 114.4 6.40 d (16.0) a 114.3 6.25 d (16.2)

b 145.7 7.66 d (16.0) b 146.1 7.64 d (16.2)

OCH3 55.4 3.85 s (3H) OCH3 55.5 3.83 s (3H)

COO 166.4 – COO 166.9 –

Glucosyl 10 99.0 4.82 d (7.8)

20 73.2 3.36 dd (7.8, 7.2)

30 76.2 3.51 dd (7.2, 7.8)

40 69.6 3.49 dd (7.8, 7.2)

50 76.7 3.38 m

60 61.4 a. 3.88 dd (11.4, 5.5)

b. 3.77 dd (2.0, 11.4)

Aglycone 1 94.6 4.92 d (9.6)

2 – –

3 141.3 6.36 d (5.8)

4 102.5 5.13 dd (5.8, 4.7)

5 35.9 2.55 m

6 83.6 4.02 dd (8.7, 2.1)

7 58.4 3.65 d (2.1)

8 65.0 –

9 42.4 2.66 dd (9.6, 7.8)

10 60.9 a. 3.98 dd (11.0, 2.0)

b. 4.00 dd (5.5, 11.0)
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3.83 (3H, s) to C-4 of the p-methoxycinnamoyl moiety.

The assignments of protons and carbons of 2 were made

by detailed analysis of heteronuclear multiple quantum

coherence HMQC, 1H–1H correlation spectroscopy

COSY and long range 1H–13C heteronuclear correlation

HMBC spectra. Starting from the two easily distinguish-

able carbonyl carbons at dc 166.1 and dc 166.9 we as-

signed every proton and carbon of the cinnamoyl and
p-methoxycinnamoyl moieties; then from the acetal

methine proton H-1 (dH 4.92, d, J = 9.6 Hz) we assigned

every proton and carbon of the iridoid enol ether ring;
and from the two anomeric protons we assigned every

proton and carbon of the two sugar units. In the HMBC

spectrum, H-1 of the iridoid enol ether ring gave cross-

peak with C-1 0 of the glucose whereas H-1 0 of the glu-

cose gave cross-peak with C-1 of the iridoid enol ether

ring. These elements indicated that the etherification

was between position 1 of the iridoid enol ether ring

and position 1 0 of the glucose unit. In the same experi-
ment, H-100 of the rhamnose gave cross-peak with

C-6 of the iridoid enol ether ring whereas H-6 of the irid-

oid enol ether ring gave cross-peak with C-100 of the



Fig. 1. Product ions detected in the high-energy [M + Na]+ CID

spectrum of 2.
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rhamnose. The ether linkage was then between position

6 of the iridoid enol ether ring and position 100 of the

rhamnose unit. The HMBC experiment also showed

that H-200 of the rhamnose correlated with the carbonyl

carbon at dC = 170.5, which was further correlated with

the methyl protons at dH = 2.20 (3H, s); H-300 and H-400

of the rhamnose correlated with the carbonyl carbons of

the cinnamoyl and the p-methoxycinnamoyl moieties,

respectively. The results then indicated that the acetyl

group was located at C-200, the cinnamoyl group at C-

300, and the p-methoxycinnamoyl moiety at C-400 of the

rhamnose. The structure of 2 therefore was elucidated

to be 6-O-(200-O-acetyl-300-O-cinnamoyl-400-O-p-meth-

oxycinnamoyl-a-L-rhamnopyranosyl) catalpol, a new
natural compound for which the name scrophuloside

B4 is now proposed. The similarities of 13C NMR

assignments of a compound isolated from the same

plant by Kajimoto et al. (1989) to those of our com-

pound suggested that it could be likened to compound

2. However, available spectroscopic data did not allow

to assign a complete structure; some of these NMR data

are here revised, i.e., the assignments of aromatic car-
bons of the cinnamoyl moiety.
Table 2

Cytotoxicitya of 1–8 (MTT cytotoxicity assay, data from three independent

Compound IC50 (lM) cell lines

MCF7 K562

1 >100 >100

2 >100 44.6 ± 6.4

3 4.6 ± 0.1 4.2 ± 0.3

4 15.5 ± 1.1 14.5 ± 1.3

5 >100 >100

6 >100 >100

7 >100 >100

8 >100 >100

Adriamycinb 1.5 ± 0.2 0.07 ± 0.01

a The IC50 ± SD were determined by fitting experimental points to a

N = N� exp(�kC), where C is the concentration, N the percentage of living ce

0 and k is the parameter (Khalil et al., 1986; Dubois et al., 1989).
b Cytotoxic reference compound.
The structure of scrophuloside B4 (2) was also sup-

ported by ESI-MS in combination with collision-

induced dissociation (CID) and tandem mass spectrom-

etry (ES-MS/CID/MS). The high-energy [M + Na]+

CID data are summarized in Fig. 1. The three most

abundant product ions were at m/z 161 (methoxycinna-
moyl cation), m/z 131 (cinnamoyl cation) and m/z 95

(due to fragmentation in the catalpol part). Structurally

informative radical ions (indicated by an asterisk in

Fig. 1) were present at m/z 716 and m/z 686, due to loss

of a cinnamoyloxy and a methoxycinnamoyloxy radi-

cal, respectively. The ions at m/z 683 (loss of 180 u),

m/z 701 (loss of 162 u) and m/z 729 (loss of 134) are

consistent with a terminal glucose residue. In addition,
several other ions were observed (Fig. 1), which could

all be rationalized on the basis of the proposed

structure.

The isolated compounds (1–8) were tested for cyto-

toxicity against a series of human cancer cell lines,

MCF7, K562, Bowes, T24S and A549. As shown in

Table 2, oleanonic acid (3) and ursolonic acid (4) were

found to be the most active compounds with IC50 values
ranging between 4.0 and 151.5 lM, the activity being

somewhat lower on A549 cells. The olean-12-ene deriv-

ative (3), however, was more active than the urs-12-ene

derivative (4) on all tested cells. b-Sitosterol (8) inhibited
Bowes cells growth at IC50 = 36.5 lM. Scrophuloside B4

(2) showed cytotoxic activity on K562 and Bowes but

not on other cell lines. All other compounds were con-

sidered inactive.
3. Experimental

3.1. General

TLC was carried out on precoated silica gel 60 F254

plates (Merck). Spots were detected under UV (254 and
366 nm) before and after spraying with an anisaldehyde
experiments, each in hexaplicate; 72 h incubation)

Bowes T24S A549

>100 >100 >100

90.2 ± 7.7 >100 >100

14.8 ± 0.5 24.9 ± 0.5 61.3 ± 1.2

44.4 ± 2.2 43.6 ± 2.2 151.5 ± 0.1

>100 >100 >100

>100 >100 >100

>100 >100 >100

36.5 ± 3.8 >100 >100

0.45 ± 0.01 5.8 ± 0.6 15.8 ± 6.7

parametric function by means of an original simplex algorithm:

lls at concentration C, N� the percentage of living cells at concentration
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sulfuric acid solution followed by heating the plate at 150

�C for 10 min. Prep. TLC was performed on precoated

silica gel plates, layer thickness 0.25 mm (Merck). Col-

umn chromatography was carried out on silica gel 60

(230–400 mesh, i.d. 2 · 30 cm, Merck). 1H and 13C

(BBD, DEPT 135, DEPT 90) NMR spectra were mea-
sured on a Bruker Avance 300 at 300 and 75 MHz,

respectively, with TMS as an internal standard; 2-D

NMR spectra including COSY, HMQC and HMBC

were recorded in CDCl3 and MeOD on a Varian Unity

600 at 25 �C. HRESI-MS were performed on a Micro-

mass QTOF II Mass Spectrometer at a capillary and

cone voltages of 2.8 kV and 80 V, respectively, and at a

mass resolution of approximately 10,000. EI mass spec-
tra were recorded on an Autospec M instrument (Micro-

mass, Manchester, UK) at an ion source temperature of

200 �C, an electron energy of 70 eV and a mass resolu-

tion of approximately 500. ESI-MS and MS-MS were

performed on an Autospec-oa-ToF mass spectrometer

(Micromass) at a mass resolution of approximately

1500. High-energy CID spectra were acquired at a colli-

sion energy (Elab) of 400 eV using xenon as collision gas.
The collision gas was introduced into the collision cell

until the [M + Na]+ signal reached 60% of its original va-

lue. The optical rotations were recorded on a Perkin–El-

mer 141 polarimeter at 25 �C. UV spectra were measured

on a Shimadzu UV–Vis spectrometer UV-265FS.

3.2. Plant material

The S. ningpoensis roots were collected in Lang son,

Vietnam in September 2002. The voucher specimen

(N� 507) is deposited in the Herbarium of Hanoi Uni-

versity of Pharmacy, Vietnam.

3.3. Extraction and isolation

The air-dried roots (700 g) were macerated (24 h,
room temperature) and exhaustively percolated with

CH2Cl2 then with EtOAc. The CH2Cl2 and EtOAc ex-

tracts were concentrated under vacuum to dryness to

yield 6.8 and 9.3 g, respectively. A mass of each extract

was dissolved in DMSO and then diluted in cell growth

culture medium for the MTT cytotoxicity assay (max

conc. of DMSO in the test solution was 0.5%). Both

CH2Cl2 and EtOAc extracts showed interesting cytotox-
icity against several human cancer cell lines (Nguyen et

al., 2005). 4.1 g of the EtOAc extract were submitted to

silica gel CC and eluted with petrol (40–60 �C)-EtOAc

(9:1; 6:1; 4:1; 2:1; 0:1), followed by EtOAc–MeOH (9:1;

6:1; 4:1; 2:1; 0:1), to yield 10 fractions (I–X). Fraction

II was purified by crystallisation in cold EtOH to give

compound 8 (8.5 mg). Fraction III was purified by prep.

TLC using toluene–EtOAc–HOAc (40:10:5; two devel-
opments) to afford compound 6 (3 mg). Fraction V was

first applied on prep. TLC using C2H4Cl2–MeOH–
EtOH–H2O (60:10:10:1) and then C2H4Cl2–EtOH

(8:1), finally applied to ODS silica gel CC and eluted with

MeOH–H2O (1:1), to yield compound 1 (4 mg). Fraction

VI was purified by prep. TLC using CHCl3–MeOH (9:1)

to yield compound 5 (10 mg).

6.0 g of the CH2Cl2 extract were applied to silica gel
CC and eluted with CHCl3–MeOH (9:1; 6:1; 4:1; 2:1;

0:1) to yield five fractions (A–E). Two of these fractions

(B and C) were found to be active on five cell lines,

MCF7, K562, Bowes, T24S and A549. Fraction B was

then fractionated on silica gel CC using a gradient elu-

tion CHCl3–MeOH (1:0; 9:1; 8:2) to yield six subfrac-

tions (B1–B6). Subfraction B2 was further fractionated

on silica gel CC using a stepwise gradient mixture of
CHCl3–MeOH (50:1; 50:2; 50:3; 50:5) and on prep.

TLC using petrol (40–60 �C)–Et2O–HOAc (90:10:1;

three developments) to yield compounds 3 (3 mg) and 4

(7 mg). Fraction C was submitted to silica gel CC using

a stepwise gradient mixture of C6H12–Me2CO (9:1; 7:3;

5:8; 3:7; 2:8; 1:9), followed by C6H12–Me2CO–MeOH

(1:9:0.1; 1:9:0.2; 1:9:0.3; 1:9:1). Subfractions were further

fractionated on silica gel CC using a stepwise gradient
mixture of petrol (40–60 �C)–Et2O–HOAc (90:10:1;

80:10:2; 50:50:5) then by prep. TLC using petrol (40–

60 �C)–Et2O–HOAc (50:50:5) or CHCl3–MeOH (9:1)

to afford compounds 7 (11 mg) and 2 (7 mg).

3.4. Cytotoxicity testing

A549 cells (non-small cell lung cancer) and MCF7
cells (breast cancer) were obtained from ATCC, Manas-

sas, USA; Bowes cells (skin cancer) and T24S cells

(bladder cancer) were a generous gift from Professor

Mareel, Lab. of Experimental Cancerology, UZ Gent,

Belgium; K562 cells (leukemia) was received from Pro-

fessor Zizi, Lab. of Neurophysiology, VUB, Belgium.

MTT cytotoxicity assay was carried out according to a

procedure previously described; the cells were incubated
with drug solutions for 72 h (Nguyen et al., 2004; Cam-

by et al., 1996).
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