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Three new secoiridoids, swermacrolactones A–C (1–3), together with fourteen known
compounds were isolated from Swertia macrosperma. Their structures were elucidated based
on extensive spectroscopic analyses (IR, UV, MS, 1D and 2D NMR). By anti-HBV assay on the
Hep G 2.2.15 cell line in vitro, the most active compound, luteolin (9), inhibited the secretion of
hepatitis B virus surface antigen (HBsAg) and hepatitis B virus e antigen (HBeAg) with IC50

values of 0.02 and 0.02 mM, respectively.
© 2013 Elsevier B.V. All rights reserved.
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1. Introduction

Plants of the genus Swertia (Gentianaceae), annual or
perennial herbs, are mainly distributed in Asia, Africa and
North America. There are about 170 Swertia species all over the
world, of which 79 species and 10 variants are present in China
[1,2]. Reported in the literature, xanthones, secoiridoids and
triterpenoids are the main constituents of the Swertia species.
Although the extracts and monomer compounds possess
many pharmacological activities, for example, oleanolic acid,
gentiopicroside, pseudonolin and methylbellidiforlin have a
hepatoprotective property, its anti-hepatitis B virus (HBV)
constituents remain unclear [3–5]. Our previous investigation
on Swertia species had led to the isolation of several xanthones,
secoiridoids and lactonic enamino ketones with their anti-HBV
activity [6–15]. Swertia macrosperma, belonging to the family
Gentianaceae, was widely distributed in Tibet, Guizhou, and
Yunnan provinces of China for the treatment of hepatitis. Our
bioassay suggested that the water extract exhibited inhibitory
activities on the secretion of HBsAg andHBeAgwith IC50 values
: +86 871 65227197.

ll rights reserved.
of 0.22 and b0.14 mg·mL−1 [12]. In the course of our
continuous search for active anti-HBV compounds fromnatural
products, compounds 1–17were isolated from S. macrosperma
and assayed on Hep G 2.2.15 cell line in vitro. This paper
described their isolation, structural elucidation and anti-HBV
activities in vitro.

2. Experimental

2.1. General experimental procedures

Optical rotations were determined on a Jasco model 1020
polarimeter (Horiba, Tokyo, Japan). UV spectra were mea-
sured on a Shimadzu UV2401PC spectrophotometer
(Shimadzu, Kyoto, Japan). IR (KBr) spectra were recorded
on a Bio-Rad FTS-135 spectrometer (Bio-Rad, Hercules,
California, USA). 1D and 2D NMR were recorded on Bruker
AM-400, Bruker DRX-500 or AVANCE III-600 spectrometers
(Bruker, Bremerhaven, Germany). Mass spectra were ran on
a VG Spec-3000 spectrometer (VG, Manchester, UK) and
Waters AutoSpec Premier P776 (Waters, USA). Silica gel
(200–300 mesh) for column chromatography and TLC plates
(GF254) were obtained from Qingdao Makall Chemical
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Company (Makall, Qingdao, China). Semi-preparative HPLC
was carried out on Waters Alliance 2695 liquid chromatog-
raphy with an Eclipse XDB-C18 (9.4 × 250 mm) column
(Waters, Milford, MA, USA). Fractions were visualized by
heating silica gel plates sprayed with 10% H2SO4 in EtOH.

2.2. Plant material

The whole plants of S. macrosperma (C. B. Clarke) C. B.
Clarke were collected in Yuxi, Yunnan Province, P. R. China, in
November 2008, whichwas identified by Dr. Professor Li-Gong
Lei (Kunming Institute of Botany, Chinese Academy of
Sciences). A voucher specimen (No. 20081102) was deposited
in the Laboratory of Antivirus and Natural Medicine Chemistry,
Kunming Institute of Botany, Chinese Academy of Sciences.

2.3. Extraction and isolation

The air-dried and powered plant material (5.0 kg) was
extracted with water (12 L) under reflux for three times, 1 h
for each time. The extract was concentrated under vacuum to
give a residue (585 g), which was suspended in H2O and
partitioned between petroleum ether, EtOAc and n-BuOH for
three times (2 L × 3), successively. The EtOAc fraction (80 g)
was subjected to silica column chromatography (Si CC, 800 g,
8 × 50 cm) and eluted with CHCl3–MeOH–H2O (100:0:0,
95:5:0, 80:20:2, 70:30:3, 60:40:4, 0:100:0, v/v, each 10 L)
gradient to afford five fractions (A–E). Fr. B (25 g) was further
separated to obtain five subfractions (B1–B5) by Si CC with
CHCl3–Me2CO (80:20, 70:30, 60:40, 50:50, each 1.5 L) as the
eluent. Fr. B1 (4.5 g) was performed on Si CC (4 × 22 cm,
112 g) and eluted with petroleum ether-Me2CO (80:20, 70:30,
each 800 mL) to yield compounds 1 (5 mg) and 15 (12 mg). Fr.
B2 (0.8 g) was applied to Si CC (2.0 × 25 cm, 30 g) with an
eluent of petroleum ether-EtOAc (70:30, 60:40, each 500 mL)
to produce compounds 2 (5 mg) and 3 (7 mg). Fr. B3 (8.2 g)
was treated with CHCl3–MeOH (95:5, 90:10, 80:20, 70:30,
60:40, each 2.0 L) to obtain 4 subfractions (Frs. B3-1–B3-4).
Compounds 4 (10 mg), 5 (8 mg), 6 (5 mg) and 7 (6 mg) were
isolated from Fr. B3-2 (1.2 g) by Si CC (2.0 × 30 cm, 38 g) with
CHCl3–MeOH–H2O (95:5: 0, 90:10:1, each 500 mL). Fr. B3-3
(0.6 g) was treated with the same procedure as Fr. B1 to get
Table 1
1H NMR and 13C NMR data for compounds 1 (600/150 MHz, in CDCl3), 2 (400/100

Position 1 2

δH δC δH

1 3.80 (2H, t, 6.5) 60.6 (t) 5.00 (1H, m)
3 2.68 (2H, t, 6.5) 36.6 (t) 8.03 (1H, s)

4 – 130.7 (s) –

5 – 149.9 (s) 2.76 (1H, m)
6 2.43 (2H, t, 6.2) 28.9 (t) 1.39 (1H, m),

2.01 (1H, m)
7 4.28 (2H, t, 6.2) 65.5 (t) 4.21 (1H, m)

4.29 (1H, m)
8 1.08 (3H, t, 7.8) 14.3 (q) 3.94 (1H, m)

4.06 (1H, m)
9 2.37 (2H, q, 7.4) 20.4 (t) 1.99 (1H, m)
10 165.7 (s) 4.06 (1H, m)

4.21 (1H, m)
11 – – –
four fractions (Frs. B3-3-1–B3-3-4). Fr. B3-3-1 (120 mg)
was purified by column chromatography over silica gel
(1.5 × 23 cm, 10 g, CHCl3–Me2CO, 50:50, each 300 mL), and
followed by semi-preparative HPLC (MeOH–H2O, 30:70)
to provide compounds 12 (4 mg, tR = 15.72 min) and 13
(6 mg, tR = 16.85 min). Fr. B3-3-1 (108 mg), Fr. B3-3-2
(208 mg) and Fr. B3-3-3 (86 mg) were further separated by
Si CC (3 × 25 cm, 65 g) with CHCl3–MeOH–H2O (90:10:1),
respectively, to furnish compounds 8 (8 mg), 9 (25 mg), 10
(32 mg), 11 (7 mg), 14 (11 mg), 16 (6 mg) and 17 (5 mg). All
obtained compounds had a degree of purity >90%, based on
the TLC method in three different solvent systems that
exhibited one spot both under UV radiation and visualized
with H2SO4, and NMR spectra with the smooth baseline and no
impurity peaks.

Swermacrolactone A (1): colorless oil; UV (MeOH) λmax

(log ε): 229 (3.86) nm; IR (KBr) νmax: 3429, 2938, 1701,
1062 cm−1; 1H NMR and 13C NMR, see Table 1; HRESIMSm/z
193.0846 ([M + Na]+, C9H14O3Na, calcd for 193.0840).

Swermacrolactone B (2): pale yellow gum; [α]D17.7: −
104.13 (c 0.33, CHCl3–MeOH 1:1, v/v); IR (KBr) νmax: 3366,
3275, 1676, 1601, 1055 cm−1; UV (MeOH) λmax (log ε): 248
(3.88), 215 (3.71) nm; 1H NMR and 13C NMR data, see
Table 1; HREIMS m/z 214.0834 ([M]+, C10H14 O5, calcd for
214.0841).

Swermacrolactone C (3): colorless oil; [α]D24.5: +64.48
(c 0.41, CHCl3); UV (CHCl3) λmax (log ε): 240 (3.49) nm; IR
(KBr) νmax: 3430, 1705, 1066 cm−1; 1H NMR and 13C NMR
data, see Table 1; HRESIMS m/z 199.0975 ([M + H]+,
C10H15O4, calcd for 199.0970).

2.4. Anti-HBV assay on Hep G 2.2.15 cell line in vitro

The anti-HBV assay was performed according to our
previous report [9]. Tenofovir, purchased from Jiangxi
Chenyang Pharmaceutical Co. Ltd, China (purity > 97.6%,
No. 200904009) was used as the positive control.

3. Results and discussion

Swermacrolactone A (1) was obtained as colorless oil and
its molecular formula was determined to be C9H14O3 by the
MHz, in C5D5N) and 3 (400/100 MHz, in CDCl3).

3

δC δH δC

80.5 (d) 3.88 (1H, m) 70.3 (d)
155.1 (d) 4.29 (1H, overlapped)

4.37 (1H, overlapped)
61.9 (t)

105.3 (s) – 149.9 (s)
30.0 (d) – 125.0 (s)
28.0 (t) 2.70 (1H, m)

2.28 (1H, m)
26.2 (t)

68.2 (t) 4.44 (2H, m) 65.9 (t)

60.3 (t) 3.79 (1H, dd, 11.0, 2.8)
3.88 (1H, overlapped)

60.8 (t)

42.1 (d) 1.83 (1H, m) 46.5 (d)
60.5 (t) 1.31 (3H, d, 6.4) 18.8 (q)

165.4 (s) – 163.5 (s)



Fig. 1. Structures of compounds 1–3.

Fig. 2. Selected HMBC correlations of compounds 1–3.
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positive HRESIMS (m/z 193.0846 [M + Na]+), indicating
three degrees of unsaturation. The presence of hydroxyl
(3429 cm−1) and carbonyl (1701 cm−1) groups was de-
duced from the IR spectrum. The 13C NMR (DEPT) spectrum
displayed 9 carbon resonances, assigned to three quaternary
carbons, five methylenes (two oxygenated) and one methyl.

In the 1H and 13C NMR spectra, the carbons observed at δC
165.7 (s, C-10), 130.7 (s, C-4), 149.9 (s, C-5), 28.9 (t, C-6) and
65.5 (t, C-7), in combination with proton resonances at δH
2.43 (2H, t, J = 6.2 Hz, H-6) and 4.28 (2H, t, J = 6.2 Hz, H-7),
indicated an α, β-unsaturated δ-lactone fragment, which was
further confirmed by 1H\1H COSY (H-6/H-7) and HMBC
(H-6/C-4, C-7 and H-7/C-5, C-10) experiments. An additional
ethyl group was proposed at C-5 on the basis of the HMBC
correlations of H-8 with C-5; and H-9 with C-4, C-6, in
combination with 1H\1H COSY correlation of H-8 to H-9.
Accordingly, the residual hydroxyethyl group was located at
C-4 by the HMBC correlations from H-1 to C-4 and H-3 to C-5,
C-10. Thus, the structure of compound 1 was determined as
swermacrolactone A.

Swermacrolactone B (2), pale yellow gum, was assigned
to have a molecular formula of C10H14O5 based on HREIMS
(m/z 214.0834 [M]+). The IR spectrum displayed absorption
attributable to hydroxyl (3366, 3275 cm−1) and carbonyl
(1676 cm−1). The 1H and 13C NMR spectra of compound 2
(Table 1) displayed 10 carbon signals due to four methylenes,
four methines and two quaternary carbons, of which one
carbonyl and two double carbons were characterized. The
careful analyses of 1H NMR and 13C NMR spectroscopic data
suggested that the structure of 2 was similar to metabolite A
[16] except for one more hydroxymethyl moiety instead of
the methyl at C-1, which was confirmed by the correlations
of H-10 to C-1 and C-9 in the HMBC spectrum (Fig. 2). The
relative configuration of compound 2 was defined by the
ROESY experiment (Fig. 3) in which the correlations between
H-1 and H-9, H-5 and H-9 were observed, indicating the
structure of compound 2 was characterized as shown in
Fig. 1.

Swermacrolactone C (3), colorless oil, had a molecular
formula of C10H14O4 as determined by the positive HRESIMS
(m/z 199.0975 [M + H]+), indicating four degrees of
unsaturation. The presence of hydroxyl (3430 cm−1) and
carbonyl (1705 cm−1) groups was deduced from the IR
spectrum. The 13C-NMR (DEPT) exhibited 10 carbon reso-
nances attributed to three quaternary carbons, two methines,
four methylenes (three oxygenated), and one methyl
(Table 1). Comparison of its NMR data with those of
metabolite A [16] indicated that they possessed a similar
skeleton and the main difference was that the position of the
double bond located in between C-4 and C-5 in compound 3,
which was further confirmed by HMBC (Fig. 2) correlations
from H-7 to C-5, C-11; H-6 to C-4, C-5, C-9; and H-9 to C-4,
C-5. In the ROESY experiment (Fig. 3), the correlation
between H-1 and H-8 suggested that H-1 and the
hydroxymethyl fragment were cofacial. Therefore, the rela-
tive configuration of swermacrolactone B was determined as
shown in Fig. 1.

The other fourteen compounds were determined as
epi-eustomoside (4) [17], 7-epi-vogeloside (5) [18],
desacetylcentapicrin (6) [19], sweroside (7) [20], swertiaside
A (8) [21], luteolin (9) [22], isovitexin (10) [23], (−)-berchmol
(11) [24], erythro-guaiacylglycerol-β-coniferyl aldehyde ether
(12) [25], threo-guaiacylglycerol-β-coniferyl aldehyde ether
(13) [25], erythro-1,2-bis(4-hydroxy-3-methoxyphenyl)-1,3-
propanediol (14) [26], erythrocentaurin (15) [27],
balanophpnin (16) [28] and coniferyl alcohol (17) [29], by
comparison of their spectroscopic data with those reported.

In order to evaluate their anti-HBV activities, compounds
1, 6, 9, 12–14, 16, 17 were assayed on the Hep G 2.2.15 cell
line in vitro (some other compounds with anti-HBV activities
had been reported in our previous study [14,30]). The
anti-HBV assay was performed according to the previous
report [9] by using tenofovir as the positive control (Table 2).
The most active compound, luteolin (9) exhibited inhibitory
activity on the secretion of HBsAg (IC50 0.02 mM) and HBeAg
(IC50 0.02 mM). Compound 16 also showed activities
against the secretion of HBsAg (IC50 2.00 mM) and HBeAg
(2.41 mM). Compound 17 only displayed inhibitory activity
on HBsAg with an IC50 value of 0.62 mM, but no inhibitory
activity on HBeAg. Based on our previous results, it was
showed that compound 9 improved anti-HBV activity
compared with epi-eustomoside (4) [14], 7-epi-vogeloside
(5) [30] and erythrocentaurin (15) [14], and compounds 16

image of Fig.�1
image of Fig.�2


Table 2
Anti-HBV activities of compounds 1, 6, 9, 12–14, 16, 17.a

No. CC50 (mM) and the cell destroy rate (%)b HBsAgc HBeAgd

IC50 (mM) or the inhibitory rate (%)b SI IC50 (mM) or the inhibitory rate (%)b SI

1 >5.10 (39.4%) >5.10 (2.3%) – >5.10 (3.6%) –

6 >0.47 (43.7%) >0.47 (27.2%) – >0.47 (32.1%) –

9 0.08 (0.07–0.09) 0.02 (0.01–0.03) 4.00 0.02 (0.01–0.03) 4.00
12 >3.52 (−28.3%) >3.52 (10.4%) – >3.52 (−20.3%) –

13 >3.25 (−18.9%) >3.25 (46.4%) – >3.25 (−36.1%) –

14 >2.68 (28.2%) >2.68 (26.7%) – >2.68 (−9.4%) –

16 >3.02 (28.6%) 2.00 (1.96–2.04) >1.51 2.41 (2.38–2.44) >1.25
17 1.41 (1.38–1.44) 0.62 (0.59–0.65) >2.27 >1.52 (20.8%) –

Tenofovire >4.25 (3.8%) 4.02 (3.99–4.05) >1.06 3.02 (3.00–3.04) >1.41

a All values are the mean of two independent experiments.
b CC50 = 50% cytotoxic concentration, IC50 = 50% inhibition concentration, if the CC50 or IC50 was not reached at the tested concentration, the cell destroy or

inhibitory rate was given; SI = CC50/IC50.
c HBsAg: HBV surface antigen.
d HBeAg: HBV e antigen;
e Tenofovir, an antiviral agent used as the positive control.
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and 17 displayed similar activity with 7-epi-vogeloside (5)
[14] and erythrocentaurin (15) [14], but enhanced anti-HBV
activity compared to epi-eustomoside (4) [30].

In conclusion, it is well-known that secoiridoids widely
coexist in the Gentianaceae family, of which secoiridoid
glycosides are the main constituents. Therefore, the isolation,
structural elucidation and anti-HBV properties of three new
secoiridoids, swermacrolactones A–C, not only enrich the
amount of secoiridoids, but also provide information for the
comprehensive identification of the active constituents of S.
macrosperma.
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Appendix A. Supplementary data

1D and 2D NMR, HRESIMS, HREIMS, IR, and UV spectra of
compounds 1–3 as well as the procedure for anti-HBV assay
and the anti-HBV data from two independent experiments
are available as supporting information. Supplementary data
to this article can be found online at http://dx.doi.org/10.
1016/j.fitote.2013.06.002.
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