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A new iridoid, named methylscutelloside (1) together with 19 known compounds belonging to the irid-
oids (2–4), monoterpenoids (5), flavonoids (6–8), triterpenoids (9–14), and phenylethanoids (15–20)
were isolated from the flowers of Buddleja officinalis. Their chemical structures were elucidated on the
basis of physicochemical properties, and by spectroscopic methods including 1D, 2D NMR, and MS. All
isolated compounds were tested in vitro for their effects on the proliferation of rat aortic vascular smooth
muscle cells (VSMCs). Among them, iridoids were the main active components and showed significant
inhibitory effects on PDGF-BB-induced proliferation in rat aortic VSMCs.

� 2011 Elsevier Ltd. All rights reserved.
Buddleja officinalis Maxim. (Buddlejaceae), a shrub tree, is culti-
vated widely throughout the temperate regions of the Americas,
Africa and Asia. Phytochemical studies on Buddleja species have
led to the isolation of flavonoids,1 triterpenoids,2 and phenyletha-
noids3 which are the main active components for the treatment
of stroke, headache, neurological disorders, conjunctival conges-
tion, clustered nebulae, removal of heat, replenishment of the liver,
and clearing of corneal opacity in several folk medicine reme-
dies.4,5 Recent studies showed that, the water extract of B.
officinalis inhibited high glucose-induced matrix metalloproteinase
activity,6 vascular inflammation7,8 in human umbilical vein endo-
thelial cells (HUVECs), and suppressed high glucose-induced
atherosclerotic processes through inhibition of p38 mitogen-acti-
vated protein kinases (MAPK), JNK phosphorylation, nuclear fac-
tor-jB (NF-jB) and matrix metalloproteinase (MMP) signal
pathways in human aortic smooth muscle cells.9 Previously, flavo-
noids and phenylethanoids from B. officinalis were reported to act
as anti-oxidative stress inhibitors against peroxynitrite.3 For con-
tinuous investigation on the chemical components and bioactivi-
ties of B. officininalis, we report the isolation and structure
elucidation of a new iridoid and 19 known compounds. In addition,
their inhibitory effects on rat aortic vascular smooth muscle cell
(VSMC) proliferation through the homodimer platelet-derived
All rights reserved.

: +82 42 823 6566.
growth factor beta polypeptide (PDGF-BB) signal pathway are also
discussed.

Dried flowers of B. officinalis were ultrasonically extracted with
methanol. The crude extract was then successively partitioned
with n-hexane, dichloromethane, ethyl acetate, and n-butanol.
Using various types of column chromatography, a new iridoid
named methylscutelloside (1) together with 19 known compounds
6-O-vanilloyl ajugol (2),10 methylcatalpol (3),11,12 buddlejoside A4

(4),11 betulalbusides A (5),13,14 apigenin (6),3 isorhoifolin (7),3 lina-
rin (8),3 b-phenylethoxy-b-D-glucopyranoside (9),3 salidroside
(10),3 bioside (11),3 acteoside (12),3 poliumoside (13),3 echinaco-
side (14),3 buddlejasaponin III (15),15,16 buddlejasaponin IV
(16),15 buddlejasaponin I (17),17,18 buddlejasaponin Ia (18),19,20

buddlejasaponin IVa (19),15 and mimengoside B (20)21,22 were iso-
lated.3,23 Their chemical structures (see Fig. 1) were elucidated
base on the results of 1D, 2D NMR, MS data, as well as by compar-
ison with compounds reported in the literatures. Compound 1 was
obtained from n-butanol extract as a pale yellow amorphous pow-
der, ½a�22

D = �7.6 (c 0.31, MeOH). Its molecular formula was deter-
mined to be C16H26O11 based on the quasi-molecular ion peak
observed at m/z 395 [M+H]+ in positive mode, electrospray ioniza-
tion mass spectrometry (ESI-MS) and m/z 395.1561 [M+H]+ (calcd
C16H27O11 for 395.1553) in high resolution ESI-MS (HR-ESI-MS)
analysis. The 13C NMR and Distortionless Enhancement by Polari-
zation Transfer (DEPT) spectral data of 1 showed 16 carbons
including one methoxy carbon, three methylene carbons, 11 ter-
tiary carbons, and one quaternary carbon. Among them, one
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Figure 1. Chemical structures of isolated compounds.
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Figure 2. Selected HMBC and ROESY correlations for 1.
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Table 1
The 1H and 13C NMR data for 1 in CD3OD

Position dH
a (mult, J in Hz) dC

b

1 5.60 (br s) 93.3
3 5.23 (br s) 95.7
4 1.63 (dd, 13.8, 2.4) 35.3

2.43 (m)
5 2.37 (t, 8.4) 33.3
6 3.68 (dd, 1.8, 7.8) 95.0
7 4.06 (d, 7.8) 72.4
8 — 80.2
9 2.47 (br d, 8.4) 48.1
10 3.57 (d, 11.4) 62.1

3.95 (d, 11.4)
1-O-Glc
10 4.66 (d, 7.8) 98.9
20 3.15 (dd, 8.1, 7.8) 74.7
30 3.26 (m) 78.1
40 3.26 (m) 71.6
50 3.34 (m) 78.1
60 3.62 (dd, 13.8, 3.0) 62.7

3.83 (d, 13.8)
6-OMe 3.38 (s) 57.9

Assignments were done by HMQC, HMBC, 1H–1H COSY, and ROESY experiments.
a Measure at 600 MHz.
b Measure at 150 MHz.
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anomeric carbon observed at dC 98.9, four oxygenated methine car-
bons at dC 71.6–78.1, and one oxygenated methylene carbon at dC

62.7 were assigned to the sugar moiety. One methyl carbon at dC

57.9 ppm was assigned to the methoxy group and the nine remain-
ing carbons belonged to the aglycone moiety. These data suggested
that 1 had nine carbons in a catalpol-like iridoid structure linked to
a b-glucopyranosyl unit at C-1, which was also in agreement with
the correlations observed between anomeric proton H-10 (dH 4.66)
and C-1 (dC 93.3), and between proton H-1 (dH 5.60) and anomeric
carbon C-10 (dC 98.9) in the HMBC spectra (see Fig. 2). The coupling
constant of the anomeric proton was 7.8 Hz in doublet multiplicity
in the 1H NMR spectra which confirmed the b-configuration of glu-
cose. The presence of a D-glucose unit was further confirmed by
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Figure 3. Effects of isolated compounds on PDGF-BB-induced proliferation in rat aortic VS
anti-proliferative agents. Data are expressed as Mean ± SD (n = 4, P <0.05 vs stimulus co
acid hydrolysis and gas chromatography (GC) analysis, followed
by comparisons of retention times with authentic samples.24 Next,
the stereostructure of 1 was elucidated by careful examination of
its 1D and 2D NMR spectra (Table 1). The broad singlet appearance
of H-1 and the cross-peak between H-1(dH 5.60) and H-9 (dH 2.47)
on COSY spectra confirmed the b-orientation of the H-9, since H-1
is known to be a-oriented in naturally occurring iridoid glyco-
sides.25,26 The stereochemistry of the ring fusion was cis, b-ori-
ented which was also confirmed by the large coupling constant
(J = 8.4 Hz) between H-9 (dH 2.47) and H-5 (dH 2.37). The ROESY
(Fig. 2) spectra showed a correlation signal between H-7 and H-9
indicating the b-configuration of H-7, thus confirming the a-con-
figuration of the hydroxyl group attached to C-7. Moreover, the
ROESY correlation between H-10b (dH 3.57) and H-1 (dH 5.60) also
confirmed the a-orientation of C-10 attached to C-8. The absence
of olefinic proton signals in the 1H NMR spectra indicated that no
double bond existed between C-3 and C-4 as described for com-
mon iridoids.25 In addition, the long range correlations between
proton H-3 (dH 5.23) and carbon C-10 (dC 62.1), and between pro-
ton H-10 (dH 3.95, 3.57) and C-3 (dC 95.7) indicated an ether link-
age between C-3 and C-10 and the a-configuration of C-3. Finally,
the strong movement of the chemical shift (DdC-6 9.0) at C-6 to the
downfield of 1 (dC-6 95.0) in comparison with scutelloside27 (dC-6

86.0) indicated a methoxy group attached to C-6. These differences
were similar to those of methylcatalpol (3, dC-6 88.6) and catalpol28

(dC-6 79.6; DdC-6 9.0). Furthermore, the long range correlation sig-
nals between methoxy proton (dH 3.38, 6-OMe) and C-6 (dC 95.0),
H-6 (dH 3.68) and methoxy carbon (dC 57.9, 6-OMe) in HMBC spec-
tra also confirmed the methoxy group attached to C-6. The strereo-
chemistry of the methoxy group at C-6, however, was determined
to be the b-configuration due to the trans-orientation between pro-
tons H-6 and H-7 observed in the 1H NMR spectra with a coupling
constant of 7.8 Hz, and the ROESY correlation between H-6 (dH

3.68) and H-4a (dH 1.63). Based on the above data, compound 1
was determined to be a new compound named methylscutelloside
(Fig. 1). In a preliminary assay of atherosclerosis treatment using B.
officinalis, the isolated compounds were screened for their effects
on rat aortic VSMCs proliferation.29–31 The results showed that
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Figure 4. Effects of selected compounds on PDGF-BB-induced proliferation in rat aortic VSMCs. AG1295 (1 lM), a PDGF-BB receptor inhibitor, was used as a positive control
of anti-proliferative agents. Data are expressed as Mean ± SD (n = 4, ⁄P <0.05, ⁄⁄P <0.01 vs stimulus control).
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most of compounds significantly inhibited VSMCs proliferation at a
concentration of 50 lM (Fig. 3). Of these, compounds 1–5, 7 and 8
showed the potent inhibitory effects, while compounds 9–14 did
not show inhibitory effects on VSMCs proliferation after treatment
with 25 ng/mL homodimer platelet-derived growth factor beta
polypeptide (PDGF-BB). Compounds 6, 15–20 showed the pattern
of cytotoxic effects. Based on the above results, compounds 1–5,
7 and 8 were then further tested for concentration-dependent ef-
fects on VSMCs (0–50 lM) as they showed no cytotoxicity at con-
centration of 50 lM (Fig. 4). Compound 1 significantly decreased
cells proliferation at 10, 30 and 50 lM, with inhibition of 39.1%,
42.0% and 79.6%, respectively. Compounds 7 and 8 showed moder-
ate inhibition by 22.6% and 21.2%, respectively, at a concentration
of 30 lM. With the exception of compounds 1 and 3, none of these
compounds showed significantly inhibition effects on the prolifer-
ation of VSMCs at a concentration of 10 lM. These results clearly
indicated that the iridoids from B. officinalis have potent inhibitory
effects on rat aortic VSMC proliferation and may be useful for the
treatment of atherosclerosis.
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